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PROGRESS   IN    1911 

WHILE  giving  close  attention  day  by  day  to  more  or  less 
routine  work,  one  is  apt  to  lose  bis  perspective  even  re- 
garding the  line  of  work  with  which  he  is  most  closely 
connected.  Thus  it  is  well  for  us  all,  occasionally,  to  pause  and 
review  in  a  broad  way  the  work  that  has  recently  been  accom- 
plished. 

In  the  following  pages  The  Electric  Journal  presents  a  se- 
ries of  some  twenty-two  reviews  of  progress,  each  taking  up  a 
definite  section  of  the  engineering  field  with  which  the  writer  is 
particularly  familiar,  and  giving  in  a  brief  and  personal  way  the 
points  that  seem  to  him  most  worthy  of  mention.  On  looking  over 
the  list  of  contributors  to  these  reviews,  it  will  be  recognized  that 
most  of  the  authors  are  men  of  national  reputation  in  engineering 
circles  and  are  especially  well  qualified  to  speak  from  their  intimate, 
personal  knowledge  on  the  subjects  given. 

In  presenting  these  reviews,  no  claim  is  made  that  they  cover 
the  whole  field,  or  that  each  contributor  presents  his  subject  in  a 
comprehensive  and  logical  manner.  In  fact,  one  of  the  aims  of 
this  method  of  presentation  is  to  get  away  from  the  formal  review 
and  to  inject  individuality  and  variety  of  style  and  treatment  into 
a  discussion  which  might  otherwise  become  tiresome  and  monot- 
onous owing  to  its  sameness  as  compared  with  other  similar  reviews. 


THE    PRESENT  TREND  OF  DEVELOPMENT  IN 
ELECTRICAL  MACHINERY 

B.  G    LAMME 

IN  looking  over  the  field  of  development  of  electrical  machinery 
for  the  past  year,  it  appears  that  many  of  the  advances  are 
found  in  the  direction  of  improvements  in  construction,  and  in 
operating  characteristics.  There  has  been  a  very  decided  tendency 
toward  those  designs  and  constructions  which  represent  better 
manufacturing  conditions.     In  the  designs  of  the  newer  electrical 
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vidence  <>i    a  much  greater  refinement   than 

in  another  way,  the  newer  designs  arc 

what  might  be  called  analytical  engineering.     In  other 

much  more  refinement   in  calculation  and  use  of 

than  in  the  i 

i  .  f  improvement   along   well-known  lines  is  in 

imple,  by  the  more  extended  use  of  commutating 
ing  machinery;  by  improved  methods  of  ventila 
n  and  enclosed  machines;  by  the  use  of  better  ma- 
in tin-  machines  themselves,  both  in  the  quality  <>!'  male  rial 
u  in  the  course  of  manufacture;  by  the  use  of  in- 
which  lapted  for  temperature  conditions,  as  well  as 

insulation  pur 

In  line  with  these  refinements,    there    has    been    a    tendency 

in   rotating  machinery  which     ei         simply 
ersion   purposes,   such   as   motor-generators,   synchronous 
There  hi  been  a  very  pronounced  tender 

1  hight  in   turbo-j  itor    work,    resulting,    to    a 

•vements  and  advances  in  mechanical  con- 
n. 

also  been  a  more  extended  use  of  synchronous  ma* 

chiner  I    for  correcting  power-factor,   >uch  a  synchronous 

ither  operating  singly  or  forming  a  me  nber  of  a  mo- 

•    frequency  chai  This  is  a  refinement  of 

which  wa^  due  1  entually. 

Tin  ■  ard  the  application  of 

alternating-current    motors    for    speed    adjustment    in 
mill  v.  in  this  country;  while  in   Europe  then-  1. 

ard  the  use  of  commutal 
nnection  with  la- 
jnd  n  adjustal 

in  the  u  e  of  high- 

railv.  rk.  this  being  evid<  m  ed   by 

the  tallation.    In  the  alternating- 

currei  in  this  country,  tl  of  the   New 

pie.      In 

iere  h  in  th<  il- 

th  trunk  I  principally  at   a 

In  the  -mailer  Hi  nd  motors  there  has  ! 
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considerable  development  in  getting  out  new  lines  to  replace  <>l<lei 
ones,  these  new  lines  containing  many  refinements  in  design  and 
construction  based  upon  the  general  ..  •atninmlatcd  experience  of 

past  years.  Radically  new  features  are  rare,  except  in  the  oper- 
ating characteristics,  which,  in  some  respects,  are  superior  to  any 
which  have  been  available  heretofore.  For  example,  the  use  of 
commutating  poles  in  direct-current  motors  of  moderate  size  has 

allowed  their  adaptation  to  service  condition-  which  were  imprac- 
ticable with  older  types. 

The  growth  of  the  electrical  industry  in  the  past  has  been  so 
rapid  that  necessarily  there  was  more  or  less  crudity  in  the  appara- 
tus itself,  due  to  insufficient  opportunity  and  experience  to  perfect 
the  type-  or  designs.  As  long  as  types  and  applications  were 
changing  so  rapidly,  there  was  naturally  insufficient  opportunity 
for  applying  refinements  of  design  and  construction  which  were 
hound  to  come  in  time.  These  refinements,  which  are  of  leading 
importance  in  the  steady  growth  of  the  business,  have  been  taking 
place  in  the  recent  past,  and  they  really  represent  as  much  advance 
in  the  electrical  art  as  some  of  the  apparently  more  radical  devel- 
opments which  preceded  them. 


RECENT  ADVANCES  IN  POWER  GENERATION 

EDWIN  D.  DREYFl'S 

IN  power  plant  work  some  significant  demonstrations  have  been 
made  during  the  year  which  has  just  come  to  a  close — princi- 
pally in  the  extension  of  the  power  of  single  steam  units,  both 
boilers  and  turbines.  Special  developments  have  contributed  ma- 
terially toward  higher  plant  efficiencies,  and  opinions  generally  have 
become  crystallized  as  regards  the  field  of  economic  application  of 
different  types  of  power  apparatus. 

Firstly,  steam  turbines  of  20000  kilowatts  (maximum  rating) 
have  recently  been  installed,  and  it  has  been  authentically  expressed 
that  50000  kilowatts  in  a  single  unit,  may  safely  be  accomplished 
though  this  may  not  come  to  pass  for  a  few  years  hence.  At  the 
Delray  Station  of  the  Detroit  Edison  Company,  individual  boilers 
of  approximately  2400  horse-power,  normal  capacity,  have  been 
tested,  in  which  was  developed  the  fact  that  very  liberal  overloads 
could  be  maintained — three  or  four  times  the  rate  of  evaporation 
regularly  accepted  in  the  past  for  ratings  of  boiler-.  This  point  to  a 
very  marked  stride  in  the  high    power    practicable    from    single 
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iboul  capable  of  matching  the  demand  o! 
tin  urbine.    Whal  bears  particular  emphasis  in  such 

onomic  utilization  of  the  materials  o\ 

Here  we  have  an  evident  tendency  toward  increasing 

tin  heat  ti  i    per  unit  area  of  expo  ed  or  heating 

in  surface    conden  »er    w<  »rk, 
we  find  I  :ponents  in  this  branch  urging  .1  higher 

■  transmission  through  the  tube  surfaces,  this  obviously 
implyii  -n« li t i< m  of  condenser  design.     It  has,  there 

irent  that  a  large  reduction  1-  being  effected  in  the 
aerating  power. 
1  view  of  the  steam  turbine  industry,  we  find  a 
'i11111crri.il  designs   than   in   former  years, 
in  and  on  the  Continent,  it  is  almost  uni- 
ly  the  •  introduce  the  combined  action  ;m<l  reaction 

eli"  all  large  work,  while  impulse  turbines  prevail  for  all 

• 

per  apportionment  in  power  plants  for  efficient  supply 

nd  heating  demands  has  been  a   vexing 

m.    An  intei  solution  has  been  evolved  within  the  last 

in  the  truction  of  the  automatic  "bleeder"  tur- 

bin<  h,  through  special  contr  »1,  provides  efficient  operation  ii"t- 

ling  th  that  the  maximum  or  minimum  demand  of 

the  ag  ively,  may  not  be  co-incidenl 

of  tl.  m   turbine  has   been   attained 

th:  •  :tion    -  uch   that   tl 

•nomically    for  direct-current   generators   of 
la:.  in    marine  .    di  i\  ing   of 

nilar  applications,  where  formerly  a  serious 

•  •  urred  in  the  din  upling  of 

the  tv.  !  imperative  by  the  engineers,  who 

ha  in  th-  tit  of  high  power  machinery, 

that  flexibility  be  in  the  large  gears  through  floating 

ount  of  the  relative  magnitude  of 

ruction  tei  ial     n  rily 

Within  th'  n   important   innovation  of 

thf  '■   w    -  '  'ht  out.  in  which  the  pinion  i      up 

iulic  pi  I    for  uniform   di 

th  1  •    ■     ential  consideration  for  the  suc- 

aluahlc  feature  incident  to  the  hydraulic 
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principle  is  that  the  horse-power  transmitted  may  be  interpreted 
with  the  highest  degree  of  accuracy  from  the  <>il  pressure  under 
the  supporting  pistons  obtaining  automatically  with  variable  loads. 

We  have  witnessed  during  the  past  year,  a  greater  demand 
for  turbines  of  small  size  fur  isolated  power  plants,  exciter  sets, 
centrifugal  boiler  teed  pumps,  driving  condenser  auxiliaries,  cen- 
trifugal compressors  for  forced  ventilation,  cupola  and  smelting 
work  etc..  and  this  trend  is  undoubtedly  governed  by  the  simplicity 
of  construction,  facility  of  installation  and  ease  of  maintenance, 
owing  to  the  uniformity  of  speed  direction,  and,  therefore,  the 
absence  of  reversal  strains,  lubrication  and  packing  difficulties. 

Opinion  has  been  largely  settled  upon  the  most  profitable  ap- 
plication of  gas  power.  It  is  manifestly,  the  most  important  in  nat- 
ural gas  districts,  and  ranks  second  in  blast  furnace  practice.  Un- 
der our  present  economic  conditions,  producer  gas  power  is  justly 
limited  to  the  sizes  under  1  000  horse-power,  roughly,  unless  pro- 
pitious factors,  as  high  loading  and  high  fuel  cost,  say  $3  to  $3.50 
and  above,  obtain. 

Interest  has  been  revived  in  the  oil  engine  in  this  country, 
not  so  much  from  developments  established  here  as  in  the  pro- 
nounced success  which  is  reported  to  have  attended  the  best  con- 
tinental designs.  Like  the  gas  engine,  it  will  probably  be  restricted 
by  commercial  considerations  as  to  the  sizes  to  be  employed.  Oil 
engines  are,  in  many  respects,  very  attractive,  but  the  various  en- 
gineering journals  have  heretofore  correctly  sounded  a  note  of 
warning  as  to  unrestrained  enthusiasm ;  that  is,  the  experience  nec- 
essary  in  building  Diesel  oil  engines  is  so  widely  different  from 
that  required  in  manufacturing  steam  engines.  And  that,  conse- 
quently, if  this  fact  is  disregarded,  the  fresh  impetus  lately  given 
the  oil  engine  will  be  upset  by  dismal  failures  which  are  bound 
to  ensue  and  which  will  plainly  retard  its  progress.  A  valuable 
lesson  of  this  character  was  acquired  in  gas  engine  and  producer 
work,  and  we  note,  not  only  retrenchment,  but  some  manufacturers 
are  withdrawing  from  the  field. 

Reciprocating  steam  engines  have  bid  for  renewed  favor  with 
some  radical  changes  in  design, — the  unidirectional  flow  type,  use  of 
poppet  valves,  and  superimposed  engine  and  boiler  construction. 
These  modifications  obviously  attract  attention,  but  they  are  not 
to  be  regarded  as  novel,  since,  in  every  case,  these  late  departures 
are  simply  elaborations  of  various  designs  devised  many  years  ago. 
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It  is  true,  bly,  that  they  will  become  a  small  factor  in  power 

rk,  but  these  revisions  in  reciprocating  engines  are  not  to  be 
taken  I  riously,  as  the)  are  in  opposition  to  the  natural  inclina- 
tion toward  "rotational"  machinery.  Although  Americans  lead  in 
the  building  of  large  power  units,  they  are  now  only  following  in 
the  trail  of  foreign  contemporaries  in  a  more  general  use  ot  the 
Dtrifugal   tyjH  power   plant   auxiliaries,  and   among  which 

should   be   principally   mentioned    the    rotating   air    pump,    which 
abroad  h  »me  a  prominent   feature  in  the  various  condenser 

.illation--  ■  tionary  and  marine  work. 


PROGRESS  IN  RAILWAY  SIGNALING 
HAR<  11  D   M  CRBADY 

Li  at  the  matter  from  the  selling  standpoint,  rail- 
way signaling  has  been  rather  dull  during  the  past  year, 
inly  a  comparatively  small   amount   of  new   work   has 
n  done  by  tl  im  roads  on  account  of  the  conservative  at- 

titude of  th  nsible  for  their  management.     This  lull  in 

vcr.  has  given  both  signal  engineers  and  man- 
ufacturers an  opportunity  to  invent  and  develop  new  schemes 
and  apparatus  which  will  undoubtedly  be  of  great   value. 

Perhaps  the  most  interesting  development  in  railway  sig- 
naling is  the  application  of  alternating-current  track  circuits 
and  block  si  interurban  electric  roads.     The  remarkable 

h   in   the  trolley   roa<1   field   during  the   Ias1    few   years  I 

.  which,  in  many  r<  .is  comparable  to 

that  <  ially  as  regards  speed,  frequency  of 

vice   and   character  of  rolling  equipment.      Many    interurban 
lines  are  no  ng  two.  ihree  and  four  car  passenger  trains 

at  rty  mile-  an  hour,  as  well  as  local  freight  trains. 

When   one   takes   in'  sideration   that   practically   all    inter- 

urban roads  are  single  track,  it  will  be  realized  that  the  simul- 
taneo-'         |    ration    of    hea-.  trains    and    local 

freight  trains,  without  block  lish  matter.     Rail- 

ad  people  have  come  that  pr  a  is  i  ary, 

and,  as  a  r  me   important   installations  of  block   signals 

have  been  made  during  the  year. 

The  earning  capar  urban   lines  in   general   is   not 

•ild   justify   the  installation    of  a   very   complex   and 

expensive  system  of  signaling,  nor  is  it  necessary.     Much  work 
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has  been  done  toward  simplifying  steam  road  signaling  to  bring 
adequate  protection  within  the  range  of  interurban  lines.  For 
example,  light  signals  will  probably  be  used  instead  of  the  more 

expensive  electric  semaphores  commonly  seen  <>n  steam  roads; 
in  some  cases  the  indication  of  the  light  signal  is  not  so  distinct 
as  the  semaphore,  but  the  use  of  large,  well  illuminated  colored 
lenses,  well  hooded  to  protect  them  from  sunlight,  has  made  the 
light  signal  quite  reliable  in  its  field.  Some  ingenious  circuit 
schemes,  embodying  the  use  of  interlocking  and  stick  relays,  have 
been  devised  to  allow  of  following  but  not  opposing  moves.  A 
considerable  amount  of  signaling  will  undoubtedly  be  installed 
on  trolley  roads  during  the  next  few  years. 

The  application  of  alternating-current  block  signaling  to 
steam  roads  is  now  being  given  the  most  careful  consideration 
by  signal  engineers;  in  fact,  a  ivw  important  installations  have 
already  been  made,  and  one  of  the  great  eastern  roads  has  even 
decided  that  all  new  work  shall  he  done  on  the  alternating-current 
basis.  So  many  advantages  are  offered  by  the  alternating-cur- 
rent system  in  the  way  of  power  transmission,  low  cost  and 
ease  of  maintenance,  etc.,  that  it  must  eventually  displace  the  di- 
rect-current battery  system  on  all  important  steam  lines. 

It  is  a  noteworthy  fact  that  the  four  most  important  in- 
stallations during  the  year  have  been  alternating-current  sys- 
tems, viz:  The  Illinois  Traction  System  (500  volt,  direct-cur- 
rent propulsion),  the  Southern  Pacific  (1  200  volt,  direct-cur- 
rent), the  New  York,  Westchester  &  Boston  (n  000  volt,  alter- 
nating-current), and   the  Santa  Fe   (steam  road). 

Few  realize  the  great  advance  made  in  the  manufacture  of 
signal  apparatus  through  the  application  of  improved  moulded 
insulations.  Insulations  broken  down  by  heat,  lightning,  oil,  or 
moisture  have  often  caused  grounds  leading  to  false  clear  signal 
failures;  fibre,  hard  rubber,  insulating  paper,  etc.,  seem  to  be 
especially  affected  by  the  above  influences.  The  invention  and 
commercialization  of  phenolformaldehyde  compounds,  such  as 
Bakelite,  Condensite,  etc.,  have  opened  an  entirely  new  field 
and  we  now  have  moulded  insulations  which  are  heat,  moisture 
and  puncture  proof  over  a  wide  range. 

Increased  attention  is  being  paid  by  railway  signal  engi- 
neers to  the  purely  technical  features  of  their  apparatus;  most 
orders  received  nowadays  are  accompanied  by  specifications  cov- 
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Sin  also  operating  characteristics 
which  appli  of  apparatus,  is  sig- 

nil  jnal  en  is  i apidly  making 

hit  .1-  he  has  be<  n  pi  acl  ically  for 

mai 


ON  THE  MKTIIODS  OF  NOMINATING  AND  ELECTING 

OFFICERS  IN   THE  AMERICAN   INSTITUTE 

OF  ELECTRICAL  ENGINEERS 

QAN(  ►  D01 

Jcnt 

AT  the  nmi.il  convention  of  the    American   institute  ol 

Engim  ~i"ii  was  given  over  to  .1  confer 

•  Institute  ofl  tion  delegates  for  the  pur- 

rms  in  the  methods  <>i  nominating  ami  electing 
at  these  might  more  truly  represent  the  Institute  as  a 
whole  than  il  considered  they  <1<>  at  present.     \  reading  <>t  the 

I'r  of  tin  n     which  have  been  printed  and    enl  to 

taking  part     indicates  two  principal  topics  of  discussion,  with 
dr.  >n  upon  each.    Theyare:  1     whether  or  not  ever)  el< 

and  2     wluther  <>r  n<>t  a  member  "l"  the  In 
tuti  Mew  York,  has  his  lull  voice  in  the  tnsti 

■ 

In  the  writer'-  opinion,  the  answer  t<>  the  first  question  is  a  mat- 
ter In  the  politi<  -  of  our  country,  from  the  election  of  a 

itomed  t<>  t . .1  and  in 

an  and  ntest  there  i-  nothing  hut  x<><«\  health  for 

the  er,  who  feel  that  in  a  pr<  nal 

in  which,  re'  ing,  there  are   no  material   in 

in\  and  in  which  an  in  honor,  different  con  id 

:i   a    friendly  an 

election  a]  attitude  i-  that  an  honor  should 

that  tl  if  it  he  not  unanimo 

and  t  ididat'  arily  be 

placed  in  th<  ing  the  honor  if  he  does  not  withdraw 

in 

In  the  al  and  I  Britain  and  the 

lly  unkm  ination 

le;  ittees,  that  1  the  n  1 

ndidates  and  them,  th<  ption  he- 


ELECTION  OF  INSTITUTE  OFFICERS 

ing  that  since  the  nominating  committee  is  provided  for  in  <>ik-  way 
or  another  by  the  members,  the  representative  men  of  which  it  is 
composed  would  bring  t<>  the  selection  of  candidates  the  same  princi- 
ples that  would  govern  the  members  themselves  it  the  selection  were 
general. 

Literally  speaking,  the  principle  of  uncontested  elections  was 
adhered  to  by  the  American  Institute  of  Electrical  Engineers  until 
the  last  revision  of  the  constitution,  when  a  provision  was  inserted 
permitting  two  members  of  the  Board  of  Directors  to  call  for  a  con- 
test.  The  Institute  had  gone  along  on  the  theory  that  its  Board  of 
Directors,  for  the  election  of  which  every  member  and  associate  has 
a  vote,  was  representative  of  those  members  and  associates,  and, 
consequently,  was  a  trustworthy  nominating  committee.  Before  the 
last  revision  of  the  Constitution,  there  were  only  two  occasions  when 
its  choice  of  nominee'-  was  seriously  questioned,  and  on  those  occa- 
sions its  choice  was,  after  all,  ratified  by  the  membership. 

While  the  Board  of  Directors,  as  a  nominating  committee,  had 
discretion  not  to  be  bound  by  the  nominating  votes  of  the  members 
( these  being,  aco  irding  t<  >  the  ( !i  mstitutii  »n,  in  the  nature  of  a  "straw" 
vote  to  give  some  guidance  to  the  Board),  there  came  to  he  an  un- 
written law  in  re-pert  to  the  office  of  Presidenl  that  the  candidate 
receiving  the  highest  nominating  vote  should  he  the  choice  of  the 
Board.  When  this  unwritten  law  acquired  authority,  it  practically 
turned  the  nominating  ballot  into  the  electing  ballot,  and  left  the  In- 
stitute without  a  nominating  committee  in  respect  to  the  Presidency. 
This  drew  forth  constantly  increasing  electioneering  in  favor  of  var- 
ious candidates,  and  at  the  time  of  the  last  revision  of  the  Constitu- 
tion the  unwritten  law  was  transformed  into  a  written  one,  and  it 
was  made  practically  compulsory  upon  the  Board  of  Directors  to 
nominate  for  the  Presidency  the  candidate  receiving  the  highest  nom- 
inating vote.  There  was  then  inserted  the  provision  that,  on 
the  request  of  two  members  of  the  Board,  a  minority  candidate 
should  be  put  upon  the  Directors'  ticket,  in  order  that  contests  might 
be  permitted.  These  contests,  however,  have  been  only  twice  called 
for — the  first  occasion  four  or  five  years  ago,  when  the  minority 
candidate  was  elected ;  the  second  occasion  during  the  last  Mir,  when 
the  minority  candidate  was  defeated. 

While,  by  the  last  revision  of  the  Constitution,  the  function  of 
the  Board  of  Directors  as  a  nominating  committee  was  taken  away 
in  respect  to  the  office  of  President,  it  was  left  in  respect  to  the  offi- 
ces of  Vice-President  and  Manager ;  in  consequence  of  which  the 
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not  al  placed  in   nomination  the  men  whose 

the  highest  number  of  nominating  votes.   Ii  has  used 

nally  departed  from  the  showing  of  the 

sually  I  dent  candidate,  notwithstanding  his 

sn  ference  t<  i  a  resident  candidate  with  a  larger  \'  ite ; 

•i  two  non-resident  candidates,  the  one  who  could  best 

iiu  hi-  constituency  by  a  reasonable  attendance  at  tlu-  meetings 

Tin  rmittinj  t  to  be  called  for  in  the  election 

vice-presidents  or  managers  ha-  not  been  called  into  use,  th< 
ne>  •  having  been  even  two  members  of  the  Board  who  suffi- 

I  with  the  choi  the  majority  as  to  call  for  minor- 

ity nomin< 

.  now  t"  th<  i<i  question:  There  is  complainl  of  the 

ng  influence  of  tin-  eastern  membership.    There  is  the 
iplaint  in  regard  to  preponderating  influence  of  the  eastern 
in  cur  national  government,  with  it-  capital  at  Washington. 
Tl  rity  of  the  membership  is  in  the  eastern  states,  and 

it  i-  principally  in  consequence  of  this  that  there  arc  more  representa- 
tives from  them  on  the  Board  of  Directors.  It  is  undoubtedly  true 
that  n  -  from  the  Pacifi     I         t.  and  from  the  mountain 

n  unusual  <>n  the  Board  of  Din  and  when  on 

the  Board  have  been  unable  t"  represent  their  territories  by  attending 
meetings.    '1  he  •  attending  meeting  ry  real ;  and  un 

it  the  Institute's  work  i1-  blocked.    Unless  the 
nstituti  !  t<>  permit  the  conduct  of  the  Institute  bu  i 

and  letter-ballot,  the  n         ty  for  attendan 
will  continue,  and  if.  a-  h«  nstitutional  amend 

:it  should  'tinj,r  and  the  conduct  of  the  af- 

•nail.  with  the  control  of  active  affair-  left  in 
the  hand  ith  headquart  I    Xcw 

-k.  the  result  would  undoubted!}  dually  to  take  away  from 

the  a  whole  the  principal  conduct  of  the  [nstitute'    affairs 

which  it  i  in  the  hand  '  'om- 

mi*-  ■  ork  done  by  the  Board 

.  published  in  tl  a<  h  meeting, 

wi  .   clearly  the  amount    of    important   busim 

of  which  would  g  tive  t  om- 

mittee  if  tru  and  difficult  pr<  »f  transaction  of  busin< 

introduced.    The  writer  bi  that  the 
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handling  of  its  business  by  the  whole  Board  instead  of  by  a  small 
Executive  Committee  has  been  one  of  the  sources  of  the  In- 
stitute's strength.  Such  an  Executive  Committee  would  of  ne- 
cessity be  composed  of  members  who  could  attend  its  meetings, 

and  would  in  turn  he  open  to  the  charge  of  not  having  upon  it 
representatives  of  the  distant  constituencies  of  the  Institute.  In 
the  writer's  opinion,  the  remedy  of  Utter  voting  would  satisfy  only 
an  ideal  and  would  not  he  a  real  remedy. 

Some  of  the  Section  delegates  feel  that  nomination  of  officers 
by  delegates  would  give  the  distant  members  greater  and  more  ef- 
fective representation,  a  plan  having  hcen  proposed  wherehy  every 
seventy-five  memhers  were  entitled  to  send  one  delegate  to  a  nomi- 
nating convention.  It  is  not  clear  how  this  would  alter  the  present 
situation;  in  fact,  it  appears  more  likely  that  the  plan  would  re- 
duce the  representation  of  the  distant  members,  since  for  each 
group  of  less  than  seventy-five  members  there  would  be  no  repre- 
sentation at  all.  The  real  difficulty  in  representation  seems  to  be 
at  present  that1  the  membership  does  not  care  enought  about  nomi- 
nations to  vote.  Only  twenty  percent  of  the  membership  exercises 
its  privilege.  And  in  the  case  of  manager,  at  the  last  election  this 
small  percentage  of  the  total  vote  was  scattered  among  581  can- 
didates, when  there  were  only  four  candidates  to  be  elected,  and 
the  candidate  receiving  the  greatest  plurality  received  only  4.8  per- 
cent of  the  total  vote  of  the  membership.  A  number  of  candidates 
received  nearly  the  same  vote,  so  it  is  not  unreasonable  to  expect 
that  the  Board  of  Directors,  from  among  so  many  candidates  for 
nomination,  should  exercise  the  discretion  vested  in  it  by  the  Con- 
stitution and  assist  the  membership  in  making  selections. 

Without  attempting  at  this  time  to  solve  the  whole  problem,  the 
Board  of  Directors  has  taken  a  step  in  the  right  direction  in  an  en- 
deavor to  secure  representative  nominations  by  concentrating  upon 
a  few  candidates  the  scattering  vote,  so  that  the  will  of  the  member- 
ship might  be  more  clearly  expressed.  When  nominating  ballots  have 
been  sent  out  in  the  past,  there  has  been  nothing  to  guide  the  reci- 
pient as  to  who  was  a  suitable  person  to  receive  his  nomination ;  but 
in  the  future  there  will  accompany  the  nominating  ballots  a  statement 
of  the  names  of  all  nominees  in  whose  favor  there  has  been  received 
at  the  office  of  the  Secretary  of  the  Institute,  prior  to  January  25th 
of  each  year,  fifty  or  more  endorsements  by  petition  or  individual 
letter.     With  the  names  of  these  candidates  for  nomination  before 


12  THE  ELECTRIC  JOURNAL 

likel)  •         l  his  ballot  for  one  of  them,  and  con- 
[uently,  the  bulk  of  the  nominating  vote,  instead  of  being  dis 
tributed  among  over  five  hundred  candidates,  will  probabl)  be  dis- 
tributed among,  say,  a  n,  resulting  in  a  clear  indication  to  the 

wh.it  is  the  will  of  the  membership. 
It  •  ectlj   possible  for  distanl  members  to  band  together 

and  concentrate  upon  a  candidate  without  the  method  of  nomination 
by  and  it  would,  in  fact,  be  more  effective;  and  it  is  to  be 

hoped  that  the  method  of  advance  nomination  by  petition,  which  the 
Institute  has  just  adopted,  will  enable  distant  groups  of  members  to 

.in  attend  at  least  a  part  <>t'  the  meetings  and  t<> 
titrate  their  votes  upon  him  it'  they  desire  to  send  him  as  their 
representative  to  headquartei 


THE  NATIONAL   ELECTRIC  LIGHT  ASSOCIATION 

JOHN  I-    GILCHRIST 
President 

A  REVIEW  of  the  work  of  the  National  Electric  I  .i^lit    \ 
ciation  during  the  current  year  shows  a  steady  maintenance 
of  interest  and  progress.      The  growth  of  th<  ciation 

what  may  be  considered  now  a  nominal  rate  of  30  or  40 
percent  a  year.    At  the  annual  convention,  Chairman  H.  11.  Scott  re- 
rted  th-  >f  the  Membership  Committee  to  show  a  total  ol 

members  on  May  30th.    The  same  committee  now  reports  a 
:'  about  10  1-  that  the  association  will  dnter  the  new  year 

han  i'  trong.     Larg<  ions  are  already  expected 

in  the  Commercial  and   Power  Transmission  Sections,  and   several 
new  com;  tions  have  been   formed  or  arc  now   organizing, 

the  annual  convention  the  Northv  iation  has  affiliated, 

bringing  in  the  on   the    Pacific   coast,   and   during  the 

;  month  the  Michigan  Electri  ciation  ha    also  become  part 

ly. 
The  growth  I  veil  distributed  as  to  locality,  but  it  is 

ex;  that    for  accession     may   be   largest 

throughout  the  far  f  the  intention  to  hold  the  next 

annual  convention  and  the  great  interest   which  1     being 

manife-ted   in   thi  ention   of   next    June. 

The  literature  of  the  J  n  commands  increasing  at! 

.  and  the  plans  ha  n  laid   for  many  valuable  additions  to 

the  and  manual  1  by  tl  iation.     The  revision  of 

the   Question   Box    1902-09  has   been   printed   and    will    shortly  be 
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issued  to  the  membership  entitled  to  receive  it.  The  Report  of  the 
Overhead  Line  Construction  Committee  presented  at  the  last  con- 
vention Has  been  in  remarkable  demand  throughout  the  entire  elec- 
trical industry  and  has  been  accepted  as  standard  in  the  various 
branches  of  outside  electrical  construction. 

The  Commercial  Section  has  issued  two  practical  pamphlets 
during  the  year,  and  now  has  in  preparation  for  its  members  a  di- 
gest of  all  the  data  and  literature  of  the  last  four  or  live  years  in 
relation  to  commercial  work  of  every  kind.  The  Meter  Commit- 
tee has  in  hand  the  preparation  of  a  Meterman's  Handbook  or 
manual,  and  the  Rate  Research  Committee  is  making  a  thorough 
study  of  the  matter  available  in  regard  to  electrical  rates  with  the 
object  of  issuing  a  compilation  on  the  subject. 

The  Commercial  Section  has  taken  hold  of  its  work  for  the 
year  very  vigorously,  and  in  order  to  secure  the  best  conditions  of 
development  has  opened  offices  in  the  main  headquarters  of  the 
association.  The  secretary  of  the  Section  is  installed  there  with  a 
working  staff,  and  a  great  deal  of  useful  work  of  a  general  char- 
acter and  on  behalf  of  the  twelve  special  committees  has  already 
been  put  in  hand.  Another  feature  of  the  association  work  which 
promises  to  be  of  great  importance  during  the  coming  year  is  that 
of  the  Resuscitation  Committee,  which  has  now  succeeded  in  effect- 
ing preliminary  measures  for  the  appointment  of  an  authoritative 
medical  commission  which  will  investigate  the  subject  and  report 
to  the  association  on  the  best  method  of  resuscitation.  This  report, 
through  the  government  and  various  allied  engineering  bodies  will 
then  be  rendered  available  to  the  American  public,  the  whole  work 
being  done  under  the  control  and  financial  support  of  the  National 
Electric  Light  Association. 

The  Public  Policy  Committee  of  the  association  is  following 
up  its  momentous  work  of  last  year  in  the  further  development  of 
welfare  plans,  and  is  now  making  an  investigation  as  to  what  wel- 
fare work  is  being  done  by  every  member  company  in  the  associa- 
tion. The  results  of  this  study  will  be  reported  at  the  Seattle  meet- 
ing. The  committee  is  also  making  a  study  of  the  present  condi- 
tions relating  to  municipal  ownership,  and  is  giving  assistance  to 
member  companies  confronted  with  this  problem  of  socialistic 
propoganda.  In  the  meantime  the  office  of  the  association  has  un- 
dertaken the  collection  of  specific  data  relating  to  the  subject,  and 
has  also  laid  the  foundations  for  a  library  in  which  are  deposited 
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ill  the  current  records  of  the  twent}  five  or 
thii  nniissions  or  kindred  bodies  now  estab- 
lished   for   the   mi;  n   of   central    stations   and    other   public 

Uti 


NEW  CANADIAN  DEVELOPMENTS 

N.  S    BRADI  N 

Till  [911  has  been  signalized  in  Canada  by  the  placing  in 

ition  of  very  important  water  power  developments  and 
distributing  systems.  Perhaps  the  most  important  has  been 
the  new  development  of  the  Shawinigan  Water  &  Power  Company, 
Shawinigan  Falls,  '  \  which  now  has  in  successful  operation 

two  of  the  largest  water-wheel  type  generators  which   have  ever 
n  built  on  this  continent,  these  generators  being  of  1  |.ooo  k.v.a. 
pacity.      The  transmission  line  also  employs  the  highest   voltage 
1  in  the  Province  of  Quebec,  the  transmission  being  at   [ 04  000 
volts,  and  the  length  of  the  steel  tower  line  eighty-three  miles,  sup- 
plying power  to  the  electric  railway  and  lighting  industries  at  Mon- 
treal. 

In  Ontario  the  extensions  of  the   no 000  volt  hydro-electric 
taking  r  from  Niagara  Falls  have  continued  until  now 

there  are  nearly  three  hundred  miles  of  no  000  volt  line  in  opera- 
upplyii  r  twenty  towns  and  cities,  with  prospects  of  fur- 

ther exten  during  1912. 

In  the  northern  part  of  the  province,  the  Porcupine  mining  dis- 
trict ha-  already  in  operation  a  four  thousand  horse-power  hydro 
clectri  •  t.  the  |  being  obtained  from  the  Metagami 

River,  which  empties  into  Hudson  Bay,  this  being  the  first  po 

the  northern  water-shed  in  Eastern  Canada. 

The  f  Winnipeg  has  also  placed  in  operation  a  new  hy- 

-electric  ptnent    consisting   of    an    installation    ol    some 

•  •-.  transmission  at  00000  volts  for  a  di  tance  of 

•1   mile  Winnipeg  River  to  the  City  of    W'inni- 

here  the  power  d    for  various  public   and   private  in- 

stallati' 

Further  west,  the  City  of  Calgarj  ing  supplied  with  power 

any  from  their  hydro-electric  develop- 
tit  on  Bow  River  in  tru  Mountain-. 

Tru  gn,    manufacture   and    installation    of   the    apparatus 

n  the  above  plants  have  been  carried  out  SU  illy  and  with 
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one  exception  by  Canadian  manufacturers.  In  man)  cases  new 
and  difficult  problems  were  presented,  and  the  fact  that  such 
problems  have  been  successfully  solved  by  the  local  manufacturers 
speaks  well  for  electrical  progress  in  Canada. 


THE  PRESENT  TENDENCY   IN   INDUSTRIAL 

EDUCATION 

C.  R.  DOOLHV 

THERE  is  hardly  a  locality  that  is  not  interested  in  some 
phase  of  training  for  service.  Just  now  there  are  many 
plans,  each  peculiar  to  its  local  surroundings  and  each  pre- 
senting many  satisfactory  elements,  but  industrial  training  is  so  new 
in  the  L'nited  States  that  general  tendencies  are  not  well  defined. 

When  our  present  public  school  system  was  established  it  was 
so  far  ahead  of  its  time  and  it  worked  so  well  that  the  public  mind 
called  it  a  perfect  thing  and  paid  it  reverence  for  many  decades. 
The  boast  of  our  country  has  been  our  public  school  system.  Men 
of  affairs  sought  young  graduates  through  a  sort  of  faith  that  their 
training,  regarding  which  they  themselves  knew  nothing,  would  ex- 
actly fit  them  for  active  work.  The  failures  were  attributed  to  a 
certain  inevitahle  percentage. 

To-day  business  men  have  a  new  interest  and  are  not  only 
ready  to  assist  teachers,  but  are  operating  schools  of  their  own. 
"Kducation  for  Efficient  Service""  instead  of  for  classified  knowl- 
edge is  the  most  general  tendency.  It  is  t lie  man  of  affairs  who 
is  bringing  about  this  change.  One  proof  of  this  statement  lies 
in  the  fact  that,  at  the  recent  annual  convention  of  the  Society 
for  the  Promotion  of  Industrial  Education,  held  at  Cincinnati  in 
November,  most  of  the  principal  offices,  including  the  presidency  for 
the  coming  year,  were  filled  by  business  men.  The  outgoing  presi- 
dent and  many  of  his  associates  were  also  business  men.  This 
society,  which  is  but  five  years  old,  is  probably  the  leading  exponent 
of  industrial  education  in  the  United  States  and  is  doing  much  in 
the  development  of  the  cause.  It  should  not  be  inferred  that  the 
professional  school  teachers  are  unequal  to  the  occasion.  They  arc 
working  in  harmony  with  the  general  movement  and  they  are  mak- 
ing every  effort  to  measure  up  to  the  new  standard,  but  it  has 
fallen  to  the  business  man  first,  to  see  the  light  and  take  the  lead. 

Whether  or  not  a  uniform  system  of  industrial  training  will  be 
developed,  similar  to  that  of  Germany,  the  future  only  will  tell.    Tn 
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tlu  time  the  various  efforts  maj  be  classified  under  four  gen- 

Municipal  schools;  rative  schools;  shop  schools, 

s  schools.     Schools  oi  each  of  these  types  are  scattered 
all  ntral  and  Eastern  part  of  the  United  States,  often 

times  occurring  in  tin  cities.     This  would  seem  to  indicate 

thai  w  .  long  way  from  standardizing  industrial  training.    The 

bilit)  "i  such  a  standardization  is  another  question  concern- 
ing which  much  valuable  information  can  be  had  from  studying  the 
methods  which  Germany  has  developed.*  In  general,  schools  of 
all  of  these  types  arc  doing  good  work  and  the  enthusiasm  of  their 
leaders  would  seem  in  itself  to  indicate  that  the  fundamental  prin- 
ciple tay. 

A  few  of  the  states  have  enacted  laws  which  arc  almosl  revolu- 
tionary  in   character.      In   this   respect    Wisconsin   heads   the   list. 
■  •jig  other  things  its  new  school  law  compels  all  cities  of  5000 in- 
habitants  and   over,    to   establish    and   maintain    at    public   expel 

ational  schools,  commercial  schools  and  evening 
scl  It  further  requires  all  children  between  the  ages  of  1  1  and 

]'•  wh->  of  a  necessity  must  seek  employment  to  attend  school  five 
hours  per  week.  The  burden  of  this  responsibility  is  laid  upon  the 
employer  and  the  -tat.  that  it  is  enforced.    I  >hio  has  recently 

ilar  law  and  it-  operation  in  Cincinnati  is  meeting  with 
general  approval. 

'Idie  number  of  -hop  or  factory  schools,  throughout  the  country. 
far  eds   our   knowledge.      Boys   and    girls    arc   quietly   being 

trained  by  industrial  establishments  for  their  own  need  .  though 
the  training  they  provid<  ers   a  broad   field  of    fundamentals. 

Wanamaker'  in  Philadelphia  almost  duplicates  the  elementary 

public  1    work   and   in   addition    furnishes    a    military   training 

which,  added  to  the  regular  provides  a  course  in  dis- 

cipline  which   perhaps    no   public   school    could    duplicate.      While 
the  whole  course  i-  pointed  toward  the  final  objeel  of  either  selling 
purchasing  g  ;t   i-  interesting  to  note  that   it   is  primarily 

upon  a  training  in  the  common  branches,  discipline,  strict  at- 
tention to  dul  W'tih  the  c  characteristics  once  well 
iblished,  technical  knov  ily. 

•'  interest  i-  hardly  the  right  word  by  which  to  characterize 
the  educational  work  of  an  indu-trv.  In  a  broad  il  i    the  true 


•illetin  No.  14  of  th<  y  for  tlu-    Promotion  of   Industrial 
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end  in  view  but  in  n<>  sense  is  it  the  means Iby  which  to  gain  that 
end.  The  Fels-Xaptha  Soap  Co.rpany  of  Philadelphia  presenl  a 
striking  example.  Since  this  factory  makes  nothing  but  soap  and 
only  one  kind  of  soap,  it  has  very  little  use  for  a  mechanic  or  for 
men  of  skill  in  any  particular  trade.  The  management  feels,  how- 
ever, that  it  would  not  lie  fair  to  the  community  to  employ  young 
men  hetween  the  ages  of  16  to  18  and  keep  them  at  a  monotonous 
routine  job  for  possibly  ten  years  at  the  end  of  which  time  they 
would  have  no  training  which  would  do  them  any  good  in  any  other 
line  of  work.  This  Company  therefore  equipped  a  machine  shop 
which  will  accommodate  10  to  15  men  and  which  they  will  use  for 
doing  odd  repair  jobs  in  addition  to  instructional  use.  The  Com- 
pany now  makes  this  proposition  to  all  young  men  in  their  employ: 

"If  you  would  like  to  learn  the  machinists'  trade  we  will  yive  you  one 
week  a  month  in  the  machine  shop  and  two  evenings  a  week  in  the 
drawing  room.  We  will  pay  all  expenses  of  this  school  and  will  pay 
your  wages  for  this  week  just  the  same  as  the  other  weeks.  You  must 
agree,  however,  that  at  the  end  of  the  three  years,  when  you  have  com- 
pleted the  training  which  we  offer,  that  you  will  leave  the  employ  <>f 
this  company  and   follow  your  trade." 

The  old  undirected  apprenticeship  system  is  giving  way  and 
while  the  end  in  view  is  the  training  of  men  for  a  specific  service, 
yet  the  most  successful  efforts  are  those  based  upon  humanitarian 
views  recognizing  the  human  nature  of  the  boys  and  the  value 
of  character  building. 

The  next  few  years  will  see  an  entirely  new  type  of  teacher  in 
the  school.  He  is  now  fast  becoming  a  man  of  at  least  practical  sense, 
if  not  actual  experience.  He  can  do  three  things  well — First:  Ex- 
plain the  theory  of  fundamental  science.  Second :  Demonstrate  its 
application  to  the  ordinary  things  of  daily  life.  Third:  Size  up  the 
capacities  of  his  students  and  give  them  individually,  sound  advice. 

The  new  system  of  training  will  not  limit  the  height  to  which 
any  student  may  climb  but  will  allow  him  to  step  off  at  his  proper 
level,  thoroughly  imbued  with  the  idea  of  efficient  service  and  fully 
equipped  with  fundamental  science  up  to  the  lin  it  of  his  capacity 
The  business  world  is  taking  the  lead  in  this  movement  because  it  is 
forced  to,  yet  the  problem  is  clearly  one  belonging  to  the  public 
school  system  and  must  reach  a  final  solution  through  popular  legis- 
lation if  the  United  States  is  to  maintain  its  industrial  supremacy. 
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PROGRESS  IN  ARC  LAMPS  AND  ILLUMINATION 

C.  E    CLI  Wl  ll 

Till  Kiii  has  witnessed  improvements  in  the  designs  of 

lamps  .1-  well  as  ;i  radical  departure 
by  the  introduction  of  a  new   type  to  an  already  long  list 
i  illuminants.    The  vasl  proportions  of  the  arc  lamp  field 
supply  of  lamps  to  fill  the  needs  of  city  and 
suburban  the   illumination  of   large   factory  areas, 

Iroad  yards,  warehouses,  and  the  like.     The  year  has  also  been 
ii"-.  -i  account  of  the  increase  of  interest  in  the  application  of 

ific  principles  to  the  illumination  of  streets,  parks,  public  areas 
an>l  the  industries.     This  has  been  accompanied  by  a  marked  at- 
tention to  the  requirements  of  illumination  for  all  purposes,  by  an 
use  of  electric  lamps,  ami  also  1>\   an  analytical  study  of 
n<l  industrial  illumination. 
The  simplicity  in  construction,  lightness   of   weight   and   neat 
appearan  upled  with  high  efficiency,  of  the  standard   line  of 

rbon    arc    lam]-    of    the    alternating   and    direct-current 
ty]  nstant  potential  and  constant  current   circuits,   as   well 

the  direct-current  series  multiple  lamp,  has  caused  them  to  retain 
a  !  <>f  popularity  with  the  trade  for  certain  purposes, 

in  spite  of  the  radical  and  far-reaching  developments  of  new  types. 

A-  using  electrodes  of  a  metallic  character  instead  of 

carbon,  and  known  a-  the  metallic  flame  type,  although  compara- 
tively new,  1  led   a  demand  of   large  proportions  in 
tlie  few  •            ince  their  introduction.     The  high  candle-power  of 
this  lamp,  il             d  light   distribution,  together   with  a  long  clcc- 
it  a  lamp  notably  adapted  to    tree!  lighting.    The 
princi]  f  tin-,  type-  during  the  past  year  have 
tion  in  weight  and  improvements  in  the  design  of  glass 
r  obtaining  the  mot    favorable   light   distribution.     The 
metallic  flat:  the  multiple  and  multiple-series   types 
tenttal  circuits  and  the  '-erics  type  for  constant  di- 
lrrent    circui'  field    and    their    use    during   the 
•i  a  large  in-  •  r  the  previous  year. 
The  m            ;nificant  and  important  development,  however,  in 
the  arc  lamp  field                     the;  introduction  during  the  past  year 
'ong-hurning.    impregnated    carbon,    flaming   arc    lamp.      The 
pregnal          rbon  flamii            lamp  with  its  characteristic  yellow 
ating  light  h;           n  familiar  for  some  time.     Its  distribution 
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and  large  volume  of  light  have  adapted  it  in  an  exceptional  manner 
to  industrial  illumination  where  relatively  high  mounting  is  n< 
essary,  as  well  as  in  other  locations.  The  one  objection  in  the 
past  to  lamps  of  this  type  has  been  the  very  short  life  of  electrodes 
sometimes  as  low  as  six  or  eight  hours.  This  new  lamp  possesses 
the  quality  of  high  candle-power  similar  to  older  types  of  carbon 
flaming  arc  lamps,  but  has  in  addition  the  excellent  feature  of 
long  life  of  electrodes,  the  lack  of  which,  as  stated,  was  one  of 
the  greatest  disadvantages  of  older  types.  Various  colors  of  light 
are  obtained  by  different  treatment  of  the  carbons.  The  yellow 
color  has  seemed  best  adapted  to  industrial  conditions  where  a  very 
penetrating  light  is  required  for  dark  surfaces.  The  white  light 
is  better  suited  to  street  illumination,  although  obtained  at  a  slight 
sacrifice  in  efficiency.  The  light  distribution  of  this  new  lamp 
adapts  it  in  a  superior  manner  not  only  to  exterior  areas,  but  also 
to  industrial  work,  and  the  field  of  the  carbon  flame  arc  lamp  will 
be  greatly  broadened  and  its  use  given  a  large  impetus. 

The  improvements  in  arc  lamps  during  the  past  year  or  two 
have  made  the  gap  between  are  and  incandescent  illumination  even 
greater  than  before.  Those  who  see  a  complete  substitution  of  me- 
dium-sized lamps  of  the  incandescent  type  for  all  other  illuminants 
should  view  the  situation  from  the  standpoint  of  existing  facts. 
Small  and  medium-sized  lamps  of  all  types  undoubtedly  have  done 
much  for  the  illumination  of  areas  which,  due  to  low  ceilings,  have 
been  illuminated  with  difficulty  in  the  past  by  lamps  of  high  candle- 
power.  There  is,  however,  but  little  conflict  between  the  arc  and 
the  incandescent  lamp  in  that  each  has  a  clear  and  distinct  field 
of  its  own.  The  importance  of  large  lamps  can  therefore  hardly 
be  over-estimated. 

During  the  past  year  or  so,  there  has  been  an  attempt  to 
determine  standards  for  street  illumination.  Definite  spacing 
distances  of  lamps  on  city  or  suburban  streets  is  practically 
a  new  thought.  The  difficulties  in  following  rules  for  street  lamp 
spacing  are  great,  due  to  objection  against  placing  lamp  posts  at 
arbitrary  locations  along  the  thoroughfare,  irrespective  of  cross- 
ings or  corners.  Furthermore,  the  almost  unlimited  diversity  of 
existing  spacing  distances  of  street  lamps  might  well  discourage 
any  efforts  to  define  the  advanageous  spacing  of  lamps  according 
to  certain  illumination  principles. 

Notwithstanding   these    difficulties,    a    study,    commendable    as 
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gone,  lias  been  made  of  existing  conditions.      Tins 

included  the  features  which  will  promote  higher  efficien- 

iwn  t:  ing  of  lamps  to  be  larger   than  can 

imate  uniformity  of  illumination  along  streel 

glare  to  be  detrimental  to  the  efficiency  of  vision 

ghl       \   form  of  distribution  curve  for  street  il- 

lui  1  .t-  mosl    favorable  in  reducing  this 

listance  between  lamps  equal   to   four  times 
the  mounting  hi  mosl  economical  in  the  use  of  a  lamp  with 

tin-  '  distribution.     These  statements  may,  or  may  not, 

ui  of  engineers  who  are  devoting  their  at- 
•  illumination.    They  are.  however,  in  a  progressive 
i.  therefore,  entitled  to  attention,  even  if  not  endorse- 
:it. 

The  new    ideas  promulgated  during  the  past   few  years  tend 

•  Fully  designed  lamps,  equipped  with 

le    reflecting   device-,   to   certain    spacing  and   mounting  con- 

dit    ■  towards  a  more  liberal  use  of  lamps  for  given 

'I'he  results  are  already  beginning  to  be 
rmity   and   higher   intensities  of   illumination. 
There  i-  a   tendency   in   some   localities  to  use  large  numbers 
along   th(  r    roadway.      Satisfactory    illu- 

nation  can.  however,  lie  obtained  by  using  increased  mounting 
heights  and   j  pacing  distances,  provided  the  ratio  hetvveen 

th<  rly  maintained  and  the  lamps  pos  I        suitable 

ution  A    large   number  of   -mall   unit-    arc 

A  large  number  of  closely  -paced  lamp  pi 
ng  th<  driveway  may  he  unseemly,  and  the  glare  due 

•  ting  1  and  poor  light  distribution  objectionable. 

Ar<~  lam]  ientifically  designed  for  light  distribution  at  u 

ful  angl<  paratively  large  spacing  and  high 

1     •  tion  of  large  unit-  i-.  therefore,  a  wise  coui 

pting  a    scheme  of   small   lamp'-,   which   may   hi- 
re a  novelty  iporarily  pleasing  appearance  than  a  matter 
of  scientific  and  practical  illumination   excellent 
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ELECTRICAL  WORK  BY  THE  UNITED  STATES 

GOVERNMENT 

D.  S.  BOWMAN 

ELECTRICAL  engineering  works  as  carried  out  by  the  Fed- 
eral  Government   have  during  the  past  year  been  con- 
fined principally  to  the  activities  of  the   Navy    Depart- 
ment, the  Reclamation  Service  and  the  Panama  Canal. 

The  year  has  witnessed  the  commissioning  of  the  battle- 
ships "Florida"  and  "Utah",  each  of  21825  tons  displacement 
and  510  feet  in  length,  and  the  completion  of  about  forty  per- 
cent of  the  construction  work  on  the  battleships  "New  York" 
and  "Texas",  each  of  27000  tons  displacement  and  565  feet  in 
length.  These  vessels  have  been  or  will  be  equipped  with  tur- 
bine-driven generators  for  lighting  and  general  power  service. 
Electricity  is  used  for  manipulating  and  controlling  the  big 
guns,  for  ammunition  hoists,  for  searchlights,  for  ventilation, 
for  steering  gears,  automatic  signaling,  cooking  and  numerous 
miscellaneous  purposes.  Plans  have  also  been  completed  and 
bids  invited  for  two  30000  ton  battleships,  each  of  which  will 
have  a  full  complement  of  electrical  equipment.  Practically  all 
mechanical  operations  on  shipboard  are  now  being  successfully 
performed  electrically,  with  the  single  exception  of  ship  propul- 
sion. It  is  understood  that  the  Navy  Department  contemplates 
advertising  soon  for  bids  on  a  gunboat  with  the  usual  electrically 
operated  equipment,  the  interesting  feature  being  that  proposals 
on  alternating-current  apparatus  will  be  considered.  This  rec- 
ognition of  alternating  current  for  navy  service  is  a  decided  de- 
parture, the  advantages  of  direct  current  for  special  motor  ap- 
plications and  searchlights  having  held  back  this   development. 

New  dry  docks  of  size  sufficient  to  handle  the  largest  bat- 
tleships are  now  being  built  at  the  navy  yards  at  New  York, 
Puget  Sound,  and  Pearl  Harbor,  Hawaii.  Contracts  have  been 
closed  for  the  complete  pumping  outfits  for  these  docks,  the 
large  pumps  and  valves  to  be  controlled  and  driven  electrically. 
At  the  Norfolk  Navy  Yard  the  steam  driven  pumping  machinery 
on  two  of  the  older  docks  is  now  being  replaced  by  large  elec- 
trically driven  pumps.  This  change  will  increase  the  economy 
and  reliability  and  facilitate  the  operation  of  the  dock. 

The  noteworthy  tests  with  the  new  marine  turbine  reduc- 
tion    gear     on     the     collier     "Neptune"     have     been     practically 
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ted.     Th  have  demonstrated  the  enure  practica 

bility  <>t'  this  gear,  by  means  of  which  the  high  efficiency,  high- 
turbine  can  be  used  to  drive  the  screw   propeller  without 
•u\    which    is   best    al    comparatively    low 
In  contrast   to  the   now   reduction  gear,   which   provides 
-hanical    mean-    of    speed    reduction,    thereby    better    adapt- 
ing th  .'n  turbine  for  marine  service,  the  Navy   Department 
now   building  the  collier  "Jupiter",  which  will  have  its  main 
trically  driven  by  large,  slow-speed  induction  motors 
nergy    from    high-speed,    turbine-driven    generators. 
Th  ship  will  be  followed  with  deep  interesl  by  en 
iey  will  afford  the  first  real  opportunity  to  compare 
the  efficiency  ami  practicability  of  these  two  schemes  of  adapt- 
g   the  high-speed  turbine  to  the  low  speed  propeller. 

To    facilitate    the    handling    of    ships'    armament,    contracts 
have  been  awarded  for  two  large  floating  crane-,  of  [50  tons  ca- 
pacity each,  for  use  at  the  navy  yard-  at  Boston  and  Pearl  Har- 
bor.     Each    of   these    will    consist    of    a    large    stationary    type 
ntry  crane  mounted  on  a  suitable  pontoon.     Electric  operation 
will  he  used,  power  being  furnished  from  an  engine-driven  gen- 
installed  on  the  p<  mtoon. 
A   complete  new  turbine-driven  central  electric  power  sta- 
being   built    at    the    Pearl    Marl. or    (Hawaii)    Naval 
].  and  man_\-  additions  and  improvements  have  been   made 
in  the  central  power  stations  at   most  of  the  other  navy  yards. 
The   Reclamation  Service  has  continued  its  great    work-  of 
reclaiming  n  arid  land-  and  has,  during  the  year  just  pa 

award.  for  several  power  station-  of  fairly  large  ca- 

pacity.    One  of  these  on  the  Rio  Grande  project  in  Texas  and 
New  Me:  am  plant  in  which  turbine-driven  units  arc 

he  installed.    The  power  thus  generated  will  he  used  for  op- 
erating the  heavy  cabl<  .  derricks  and   hoists  used   in   the 
of  a  lar^o  dam.     On  the  Boise  project,  Idaho,  and 
on  the  Trn                   .11  project,  Nevada,  equipments   for  hydro 
electric  plants  ha-             1   purchased.     These  will   he  used  tem- 
porarily for  construction  work  and  will  later  furnish  power  for 
erating  motor-driven  irrigation  pumps.     During  the  past  year 
the  power  transmission  lines  on  ral  operating  projects  have 
ended   and   many   motor-driven   pumps,   some  of  quite 
been  added.    The  Reclamation  Service  car- 
1  quietly  that  the  magnitude  of  it.  engineering 
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undertakings  and  the  economic  importance  of  its  operation  are 
not  generally  realized. 

The  Panama  ("anal  is  probably  more  in  the  eyes  of  the 
world  than  other  government  works  of  an  engineering  nature. 
Reports  of  progress  are  carefully  read  and  discussed.  Usually 
these  reports  concern  the  progress  of  excavation,  concreting, 
etc.,  bul  to  electrical  engineers  the  special  operating  machinery 
is  of  no  less  interest.  Upon  the  development  and  proper  con- 
struction of  this  machinery  will  depend  the  safe  and  speedy 
navigation  of  the  canal  and  operation  of  the  locks. 

A  contract  has  been  awarded  for  the  emergency  or  movable 
dams.  These  are  virtually  huge  swing  bridges  which  can  be 
thrown  across  the  canal  above  the  locks  and  from  which  girders 
and  gates  can  be  lowered  into  position  at  the  entrance  of  the 
locks,  thus  checking  the  flow  of  water  in  case  the  other  lock 
operating  machinery  should  become  damaged.  These  will  be 
electrically  operated  and  controlled  throughout.  The  large 
valves,  which  will  normally  control  the  flow  of  water'  in  the 
locks,  are  being  built  and  plans  for  the  machinery  to  operate 
the  miter  gates  have  been  completed.  This  apparatus  will  also 
be  motor  driven. 

The  climatic  conditions  on  the  Isthmus  are  almost  unbelieva- 
bly severe  upon  machinery  and  upon  electrical  insulation  in  par- 
ticular. In  order  to  determine  the  suitability  of  the  electrical  ap- 
paratus offered,  trial  orders  for  motors  have  been  given  to  three 
prominent  manufacturers  of  electrical  machinery.  These  motors 
have  been  undergoing  severe  tests  on  the  Isthmus  for  some  months. 
These  tests  are  being  held  in  secret,  but  it  is  generally  under- 
stood that  extreme  conditions  of  overload,  over-voltage,  tem- 
perature and  moisture  are  being  imposed  on  the  motors. 

The  Canal  Commission  has  received  proposals  for  the  hydro- 
electric plant  which  will  furnish  to  the  motor-driven  lock  ma- 
chinery, power  to  be  generated  from  the  waste  water  at  the  spill- 
way of  the  Gatun  dam.  Bids  have  also  been  received  for  fo 
special  electric  towing  locomotives  or  mules,  it  being  the  in- 
tention to  permit  ships  navigating  the  Canal  to  proceed  under 
their  own  power  only  through  the  channels  outside  of  the  locks. 

Under  the  supervision  of  the  War  Department,  the  Gov- 
ernment of  Porto  Rico  is  carrying  out  preliminary  plans  for 
irrigation.     Equipment  for  a  hydro-electric  plant  has  been  pur- 
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chased  and  driven  pumps  will  be  installed  in  order  to  de- 

ilit)   of  applying  irrigation  to  Porto  Rican 
If  tlii-  pi  atisfactory  as  anticipated  the  work 

tended. 
On   tin*   -.  while   the  pasl   year   has  not    been   epOch 

ng   -  ivernment  electrical  engineering   works  are 

lerable  progress  has  been  made,  and  the  exam- 
tied   will   serve   to  call   attention   to  the   remarkable 
eng  mtinually  being  fostered  and  carried  out  by 

the  l"i  I  >■  »  eminent. 


NOTES  ON   ELECTRIC  RAILWAY   PROGRESS 

THE  recent  developments  in  the  railway  field  were  review- 
in  the  <  October  issue  of  the  Journal.    There  arc,  how- 
ever, a  number  of  additional  items  which   should  be  of 
int< 

e  of  the  features  of  the  more  recent  type  of  single  phase 
car-  the   Xew   York.   New    Haven   &    Hartford    Railroad   is 

the  simplified   control   equipment    for  operation   on   both   alter- 
nal  d  direct  current.    The  main  difference  between  this  and 

the  earlier  types  is  the  use  of  resistance  in  place  of  preventive 
ng  from  notch  to  notch  of  the  controller,  result- 
in::  in  lighter  equipment  and  fewer  switche1-.  as  mosl  of  ihe 
alternating-current  switches  can  thus  he  used  when  running 
with  direct  current.  The  Xew  Haven  road  has  also  placed 
in  ■  tion  a  type  of  switching  locomotive,  operating  on  all 
na-  irrent  only,  in  which  the  control  is,  of  course,  greatly 

iplified  over  that  adapted   for  operation  on  direct-current  as 
ell.     The  two  new  type-  of  locomotives  which   are  being  op 
er.v  ht   and   heavy   passenger   service   differ   in 

their  uipment    mainly    in    that   one    has    four    main 

motors  and  the  other  eight,  operated  in   four  of  two  each. 

The  twin   motors  are  connected  permanently  in  and   the 

pinion  the  two  n  of  each  set  are  meshed  with  a  sin 

gear  on   the  driving  quill.     The   four-motor   locomotives,   when 
operated    on    direct    current,    require    connection    of    the    motors 

:r  in   series  on   the   Parting  position   and   two  in    series  on   the 
runn:-  ition  for  parallel  control,  while  on  alternating 

current  the  motor=  are  op<  in   multiple.     It  will   be    seen 

tlv  complication  of  control   for  direct-current  operation   is 
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obviated  in  the  case  of  the  eight-motor  locomotives,  which  re- 
sults in  a  corresponding  simplification  of  the  equipment.  The 
other  principal  mechanical  features  which  distinguish  the-  eig 
motor  engines  from  the  four-motor  type  are  the  single  cab  with 
its  rigid  frame  and  the  flexible  truck  mounting.  <  >ne  of  the 
electrical  features  of  the  later  New  Haven  locomotives  is  the 
adoption  of  two-coil  transformers  in  place  of  the  auto-type, 
which  makes  it  possible  to  operate  the  motors  on  an  unground- 
ed circuit. 

On  the  single-phase  cars  of  the  New  York,  Westchester 
&  Boston  Railroad  the  control  is  suitable  for  operation  on 
11  000  volts  alternating  current  only.  For  their  control  but  seven 
unit  switches  are  required. 

The  successful  use  of  motor  field  control,  hist  on  certain 
of  the  New  Haven  locomotives  in  direct-current  operation,  and 
subsequently  on  the  Pennsylvania  Railroad  locomotives,  has  re- 
sulted in  the  development  of  a  standard  type  of  control  equip- 
ment for  the  application  of  this  feature  to  ordinary  railway 
motors  for  both  slow-speed  city  service  and  high-speed  inter- 
urban  work.  Tests  indicate  a  very  substantial  saving  in  power  in 
city  service  as  well  as  a  superior  speed  control  for  interurban  serv- 
ice on  cars  equipped  with  field  control. 

It  is  evident  that  there  has  been  a  strong  tendency  toward  the 
use  of  lighter  weight  equipments  in  all  railway  service  as  shown 
in  the  design  of  control  apparatus,  motors,  car  and  locomotive 
bodies.  There  is  some  danger  that  this  tendency  may  be  carried 
to  an  extreme  which  will  result  in  very  high  maintenance  costs 
which  will  overbalance  any  saving.  The  prime  object  of  reduction 
in  weight  is  to  reduce  the  power  consumption.  It  should  be  re- 
membered that  other  considerations  than  weight  affect  power  con- 
sumption, and  if  light  weight  is  secured  by  an  inefficient  motor 
speed  or  gearing,  the  net  result  may  be  an  increase  in  power  con- 
sumption. These  points  should  be  kept  in  mind  and  the  greatest 
conservatism  used  in  reducing  all  weights. 

In  mining  work  the  commutating-pole  motors  find  an  im- 
portant place  as  a  means  of  meeting  the  exacting  and  severe 
service  involved.  Appreciation  of  the  importance  of  a  design 
of  mining  locomotive  which  will  give  accessibility  to  both  mo- 
tor and  track  equipment  is  evidenced  by  the  more  recent  con- 
struction. As  the  natural  tendency  to  inspect  is  proportional  to 
the  accessibility  for  so  doing,  this  feature  is  especially  advan- 
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motive  construction   which   is  fa- 
ir  introduction   of  an   open,  cast 
superior  strength   with   minimum 
n  the  matter  of  accessibility  as  well  aa 

;istances,  which  is 
the  n  instruction.     Another 

mine  locomotives  is  that   of  an   especially  low 
n   in   mines  where  thin   coal   veins  are   found, 
reclamation  of  coal  trom  veins  other- 
.  i  irked  ci  unmercially. 
Tin  in  electrical  operation  of 

York   terminal  division  of  the   Pennsylvania   Railroad 
in    November.      A    review    of    railway    activ^S  - 
be  complete  without  some  detailed  refer- 
cn  the  record  of  the  first  year's  o]  »n  of  this  electrifi- 

cation.    In  the  first   place,  it   is  interesting   I  -  the*   some 

hundred  ami  fifty  emplo;  required  at  tliis  terminal 

>n  with  the  operation  of  trains  and  accomn 
i-.     Furthermore,  during  the  first  year  of  opera- 
te million,  nine  hundred  ami   twenty-nine   thousand 
■  tely  one  ami  one-half  million  pieces 

ge  were  handled,  not  n>  mention  the  hundreds  of  thous- 
hich  were  checked.     Incidentally,  some  three 
ht:  nty-eight   thousand   telephone   calls   were   an- 

hurean  of  information — more  than  one  thousand 
•lie  year,   in    which   approximately   ten    million 
tion,  there  was  not  a  single  serions  acci- 
i  the  enl        ■•  rminal. 
The  official  i  »f   170  [80  revenue  trains 

ti-.n.     ( )i  tl  lly  propelled 

trai  on  time.    The  total  locomotive  detention 

in   actual   time   for   the   year  was   nim  'it   minutes;   the   total 

number  of  del  -teen.     The  delays  due  to  m<  r  con- 

|   appai  with   a   total    detention   of   thirteen 

minuter     The  mechanical  and  delays  were  eight  in 

number,  with  a  ntion  of  eighty-five  minute-      These  facts 

:>ecially  significant  when  it  i-  known  that  tl  eed  lo- 

.vhich  are  equipped  with  two  2'/kj  nor  er  mo' 

ted  daily  on  probably  sixty  pet   ent  g-  'rain   weight 

thai  r  by  tl  and  are  maintained  on  a 
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2  500  mile  inspection  period.  The  maximum  recorded  dr^w-bar  pull 
is  79200  pounds.  This  record,  supplemented  by  the  efficie 
and  prompt  service  which  has  been  given  in  all  department-. 
speaks  well  for  the  remarkable  foresight  and  judgmenl  on  the 
part  of  those  who  have  had  to  do  with  the  planning,  construc- 
tion and   actual   operation  of  this   remarkable  electrification. 


PROGRESS  IN  THE  FIELD  OF  ELECTRICALLY 
DRIVEN  VEHICLES 

BERNARD  LESTER 

ONE  of  the  most  notable  features  of  progros  during  the 
year  1911  in  the  electric  vehicle  field  is  the  active  co- 
operation between  the  manufacturers  of  electrically 
driven  vehicles  and  the  manufacturers  of  their  principal  compo- 
nent parts,  such  as  electric  motors,  storage  batteries,  etc.,  and  the 
central  power  stations.  This  cooperation  is  being  manifested  in  a 
broad  spirit  of  activity  in  presenting  to  the  public  the  merits  of 
electrically  propelled  vehicles.  Rapidly  increasing  facilities  on  the 
part  of  central  stations  for  charging  electric  vehicles  is  making  this 
possible. 

In  the  field  of  pleasure  vehicles  the  "Electric"  is  coming 
more  and  more  to  be  looked  on  as  a  machine  of  service.  Im- 
provements in  its  design  have  not  been  of  a  radical  nature,  but 
consist  of  many  refinements.  Direct  drive  by  means  of  shaft 
and  gears  has  become  standard  with  most  pleasure  vehicle 
manufacturers.  Improvements  in  the  details  of  construction  of 
motors,  control,  batteries  and  chassis  have  led  to  increased  mile- 
age and  decreased  cost  of  operation. 

In  the  field  of  the  commercial  truck  the  advance  has,  if 
anything,  been  more  pronounced.  In  making  an  analysis  of 
the  problems  involved  in  the  transportation  of  goods  and  their 
distribution,  one  of  the  striking  observations  to  be  made  is  with  re- 
gard to  the  contrast  between  the  progress  achieved  in  transp  »rt- 
ing  goods  long  distances,  and  that  progress  which  has  been 
made  in  transporting  them  the  short  distances  involved  in  dis- 
tributing from  large  centers.  We  are  all  familiar  with  the  im- 
mense progress  of  the  railway  systems  in  our  country  and  the 
remarkable  advance  in  railway  equipment  and  transportation  fa- 
cilities.    The  advance  of  the  horse-drawn  vehicles,  however,  in 
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an  equal  period  of  time  has  amounted  to  verj    little,  compara 
iking.     The  horse  itself  has  nol   materially   increased 
in  effi<  a  machine,  ami  although  considerable  advances 

lur.  □  made  in  the  art  of  wagon  building,  the  total  increase 

in  ncy    <>t"    wagons    and    drays    ha-    not    been    in  any    way 

-mate    with    the   development    of   steam    railway    rolling 
k.     In  our  opinion  the  present   generation   is  going  to  see 
an  immense  development  in  the  art  of  distributing  goods.     Ex- 
nsive  distribution   systems   have   heroine  a  habit   with   us   as   a 
V     ady    large    department     stores,    the    express    com- 
panies, the  wholesaler  ami  many  others  are  making  a   thorough 

ms  in   use  ami   the  cost   of  operation.      Distri- 
bution and  transportation   engineers  are  coming   to  be  men  of 
uized    importance,    ami    large    distributors    are    spending 
many  thousands  of  dollars  in  an  effort   to  distribud        >ods  in  a 
•re  economical  and  efficient  manner.     The  possibilities  of  the 
electric   truck   make  it  difficult  to  estimate   the  extent   to   which 
this  agent  will  come  into  general  use.     Efficiency  in  distribution 
•ie  of  the  largesl  problems  of  our  towns  ami  cities,  and 
the  electric  truck  will,  in  our  opinion,  be  one  of  the  greatest  factors 
yard  a  solution  of  this  problem. 


THE  PRESENT  STATUS  OF  THE  ELECTRIC  FURNACE 

C.  B.  GIBSON 

DLOPMENT     in     electric    steel    refining    progressed 
wly  at  first,  but  at  present  is  advancing  rapidly  and 
taken   up  by  the   steel   manufacturers   both   in 

this  country  and  abroad.     During  the  p.  tie  elaborate 

periments   in    the   electric   smelting  of   iron   on-   were   made   in 
■  eden,  and  the  n-nhs  of  the-  -  promise  to  open  up  a  new 

field  along  this  line  where  cheap  power  i-  available.  In  this 
country,  during  the  pasl  year,  only  a  few  electric  furnai  es  have 
been  installed,  due  no  d  ubl  to  the  general  business  depression  in 
the  steel  indu-try. 

There  are  thi         eneral  types  of  electric  furnaces   in  com- 
mercial use  at  the  present  time:  namely,  the  are.  induction  and 
nee  type.     The  •  type   furnace  is  nol   applicable 

to  the  refining  of  steel.      It  is   used   in   tin-   manufacture  of  arti- 

raphite,  carbide,  carborundum,  el        '  used  whi 

a  fair'  'i  temperature  i-  red  and   i-   employed  quite  ex- 
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tensively  in  laboratories  and  for  tempering  tool  steels.  The  arc 
and  induction  types  are  used  in  the  refining  of  steel  and  the 
smelting  of  various  ores.  In  this  country,  the  arc  furnace  has 
been  taken  up  almost  exclusively,  while  the  induction  furnace 
seems  to  be  in  favor  abroad.  At  present,  there  seems  to  be 
no  universal  type  of  electric  furnace,  each  one  presenting  certain 
advantages  or  disadvantages,  which  have  to  be  carefully  con- 
sidered for  the  particular  work  in  question. 

The  characteristics  which  a  good  electric  furnace  must  pos- 
sess are : — The  production  of  high  temperature  for  quick  and 
complete  de-oxidization  and  refining;  minimum  expenditure  of 
electrical  energy  ;  low  first  cost  and  small  repairs.  At  present, 
there  seem  to  be  differences  of  opinion  among  the  advocates  of 
the  different  types  of  furnaces  as  to  the  merits  of  each.  As  re- 
gards the  quality  of  steel  produced,  practically  speaking,  there 
does  not  seem  to  be  any  difference  which  furnace  is  used.  It 
appears  that  for  such  installations  as  are  not  operating  con- 
tinuously, such  as  steel  foundries  and  mills,  and  not  possessing 
Bessemer  converters  or  open-hearth  furnaces,  in  the  present 
state  of  the  art,  the  arc  furnace  has  a  decided  advantage.  Par- 
ticularly as  it  can  readily  be  started  from  cold,  can  easily  be 
emptied  after  each  charge  and  is  easily  operated  from  a  metal- 
lurgical standpoint.  Another  advantage  is  its  low  first  cost, 
also  the  fact  that  it  is  possible  to  use  cheap  ore,  containing  phos- 
phorus and  sulphur,  for  the  production  of  high  grades  of  steel, 
when  used  in  conjunction  with  the  Bessemer  converter  or  open- 
hearth  furnace. 

At  the  present  time  there  are  about  160  furnaces  in  opera- 
tion or  under  construction  in  the  various  countries  of  the  world. 
Approximately  75  percent  of  these  are  of  the  arc  type  and  25 
percent  of  the  induction  type.  In  the  United  States  there  arc  a 
number  of  large  arc  furnaces  in  operation,  aggregating  some  65 
tons  capacity.  There  are  several  small  induction  furnaces  which 
are  either  in  an  experimental  stage  or  have  not  been  adopted 
commercially. 

The  arc  furnace  is  generally  used  as  an  adjunct  in  connec- 
tion with  the  Bessemer  converter  or  open-hearth  furnace.  The 
molten  metal  is  first  oxidized  in  either  of  these  furnaces  in  which 
the  carbon,  phosphorus,  silicon  and  manganese,  etc.,  are  reduced 
and  the  metal  is  poured  in  the  electric  furnace,  where  it  is  de- 
oxidized,   de-sulphurized,    and    re-carburated.      Charging    from 
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molten  metal,  it  requires  from  one  to  one  and  one-haH  hours  in 
the  electric  Furnace  to  produce  a  good  quality  of  steel.  The 
power  consumption  varies  from  125  to  200  kilowatt -hours  per 
ton  ^i  refined  steel,  depending  on  the  amount  of  refinement. 
When  the  furnace  is  charged  cold,  it  requires  from  four  to  five 
hours  and  the  power  consumption  varies  from  450  to  700  kilo- 
watt-hours  per  ton  <u'  refined  steel,  depending  on  the  amount  of 
refinement. 

The   application    of    the    product    of   the   electric    furnace   is 

varied   and   includi  1    steel,   structural    steel,   raw    materials, 

high-silicon    dynamo   steel,   locomotive   tires,   drawn    tubes,   high 

ility   steel,   steel    wire,   automobile    Steel    and   saws.      During  the 

r  191 1.  the  output  in  electrically  refined  steel  was  approximately 

125  000  tons  in  the  United  States  alone. 

Another  application  of  the  arc  furnace,  which  appears  to 
have  a  very  large  field,  is  in  foundries  which  are  not  equipped 
with  the  I '.(.--Liner  converter  or  open-hearth  furnace.  The  furnace 
can  be  charged  cold,  and  the  steel  poured  direct  into  castings.  It 
claimed  that  the  chemical,  physical  and  machining  quality 
c  steel  castings  are  superior  to  crucible  steel  on  ac- 
count of  th«.  uniformity  of  the  output.  Castings  which  have  been 
made  in  the  electric  furnace  are  particularly  valuable  for  auto- 
mobile and  railway  apparatu-.  The  absence  of  gas  and  the 
high  temperature  at  which  the  steel  can  be  cast,  facilitates  the 
manufacture  of  complicated  parts  which,  al  ihe  same  time,  are 
perfectly  sound. 

The  electric  furnace  is  now  used  in  smelting  nickel  and 
copper  ore.  For  ihe  reduction  of  aluminum  ore,  it  has  been  in 
mmercial  use  for  a  number  of  years  and  new  developments 
along  this  line  are  taking  place  continually.  In  electro-metal- 
lurgical processes,  the  electric  furnace  has  been  used  for  a  num- 
ber of  in  the  manufacture  of  calcium  carbide,  carborundum 
and  artificial  graphite,  and  the  furnace  is  being  put  to  new  uses 
continually.  Cheap  hydro-elect ric  power  has  made  possible  the 
developments  along  this  line.  In  particular  reference  to  the  re- 
fining of  steel,  it  is  natural  not  to  predict  what  the  outcome  will 
ut  one  thing  i-  certain,  the  electric  furnace  has  opened  up 
new  possibilities  for  refining  high  grade  steel   at   a  moderate  cost. 
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THE  DESIGN  AND  APPLICATION  OF  INDUSTRIAL 

MOTORS 

J.    M.    HIPPLE 

IN  the  design  of  industrial  apparatus  the  most  noteworthy 
forward  step  during  the  year  has  been  the  introduction  on  an 
extensive  scale  of  pressed  and  rolled  materials  in  motor  con- 
struction to  replace  cast  parts.  This  construction  gives  greater 
strength  than  the  cast  construction,  and,  at  the  same  time,  makes 
possible  the  elimination  of  practically  all  inactive  material.  The 
most  extensive  application  of  this  design  to  date  is  found  in  the 
line  of  direct-current  industrial  motors  produced  by  the  West- 
inghouse  Company,  ranging  in  capacity  from  one  to  one  hun- 
dred and  fifty  horse-power.  In  these  motors  the  field  frame  is 
a  rolled  steel  ring  formed  from  a  flat  slab,  the  feet  are  pressed 
from  heavy  steel  plate  and  riveted  to  the  field  ring,  the  slide  rails 
are  pressed  from  a  single  piece  of  steel  plate  and  the  brush  holders 
are  pressed  from  heavy  plates.  This  construction  has  been  tried 
out  in  service  tests  for  over  two  years  and  has  proven  so  suc- 
cessful that  it  has  been  extended  to  other  lines  of  motors,  and 
the  introduction  of  these  methods  in  motor  design  is  generally 
accepted  as  a  distinct  improvement. 

The  use  of  commutating  poles  in  direct-current  motors  has 
been  greatly  extended  during  the  year.  Heretofore,  commu- 
tating poles  have  been  used  mainly  in  adjustable-speed  or  spe- 
cial high-speed  motors.  The  extension  of  their  use  to  a  complete 
line  of  constant  speed  motors,  as  in  the  type  referred  to  above, 
means  much  to  the  user  of  motors,  and  really  gives  the  direct- 
current  constant-speed  motor  a  new  lease  on  life.  With  the  in- 
troduction of  the  commutating  pole,  commutator  and  brush 
troubles  so  nearly  disappear  that  the  direct-current  motor  be- 
comes a  very  dependable  piece  of  apparatus. 

An  interesting  development  in  steel  mill  work  is  the  ten- 
dency of  many  steel  mill  engineers,  in  laying  out  equipments 
for  new  mills,  to  specify  alternating-current  motors  for  cranes, 
tables,  and  other  drives  requiring  varying-speed  motors.  It  has 
long  been  the  practice  to  use  series  or  heavily  compounded  di- 
rect-current motors  for  these  applications,  taking  advantage  of 
the  good  inherent  speed-torque  characteristics  of  the  series  di- 
rect-current motor.  To  avoid  the  complication  of  the  mixed  al- 
ternating   and    direct-current    system    and    to    eliminate    motors 
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with  commutators  many  engineers  now  favor  using  wound  rotor 
polyphase  motors,  even  though  the  speed-torque  characteristics 
arc  nol  uitable.  To  meet  this  demand  motors  <>f  rugged  and 
massive  construction  and  with  non-combustible  insulation  have 
•-.  developed. 

Many  special  applications  of  both  motors  and  control  ap 
paratus  have  been  developed  which  cannol  be  described  in  detail. 
Motors  of  fractional  horse-power  have  been  used  more  widely 
than  ever  before.  The  growing  use  of  motors  for  drilling,  pump- 
ing and  cleaning  oil  wells  in  the  great  oil  fields  is  an  interesting 
application.  The  satisfactory  development  of  reversing  motors 
and  control  for  planer  drive  is  of  .meat  value  in  machine  shops. 
This  development  covers  motors  having  armatures  of  low  fly- 
wheel effect,  which  are  geared  direct  to  the  planer  driving  shaft, 
and  a  control  which  reverses  the  motor  with  each  stroke  of 
the  planer  bed.  The  elimination  of  belts  results  in  a  considera- 
ble saving  in  operation  and  the  ease  of  speed  adjustment  over  a 
wide  range  materially  increases  the  daily  product  of  the  plan  i  . 
often  resulting  in  20  to  25  percent  gains  in  output. 

While  the  field  of  industrial  development  is  too  hroad  to 
cover  in  so  brief  a  review,  enough  has  been  noted  to  indicate 
a  decidely  healthy  state  of  progress  in  this  line  of  engineering, 
and  developments  of  the  year  have  shown  the  way  to  still  greater 
pr*. 


DEVELOPMENTS  IN  ILLUMINATION  AND  IN  THE 
MANUFACTURE  OF  INCANDESCENT  LAMPS 

NORMAN  MACBETH 

Till",  development  in  illumination  along  engineering  lines  has 
been  rather  extended  in  the  past  year.  The  enormous 
amount  of  publicity  given  to  illumination  in  its  various 
phases  ha-  quite  equalled  that  devoted  to  the  entire  electrical  field. 
Almost  every  popular  magazine  has  an  article  of  some  sort,  while 
the  regular  electrical  journals  in  which  a  paragraph  or  two  was  the 
u-ual  order  of  ,-t  few  year-  ago.  now  devi  eral  pages  monthly 

to  thi-  subject.     Convention  paper-,  di  ms,  and  illustrated  lec- 

ture- or  talk-,  are  so  general  that  those  interested  in  the  subject  of 
better  illumination  miM  be  numbered  by  the  thousands,  whereas 
thi-  topic  was  rarely  broached  five  year-  ago.  excepting  by  a  few 
interested    individuals   who  had    something  in   the  lighting  line  to 
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sell.  This  marked  progress  and  wide  interest  in  illuminating  engi- 
neering could  only  come  from  a  solid  basis  of  usefulness — as 
through  the  application  of  the  new  law  in  merchandising  "Satisfy- 
ing the  Customer,"  rather  than  the  old  "Let  the  Customer  Beware" 
— in  a  business  which  in  this  country  alone  means  the  direct  sale 
of  lighting  appliances  valued  at  over  $36000000  per  year. 

In  the  lighting  industry  the  illuminating  engineer  is  a  neces- 
sity in  the  securing  of  that  valuable  asset  in  any  business,  "good  re- 
sults," followed  by  the  "good  will"  of  satisfied  customers;  with 
customers  who  ofttimes  do  not  know  what  they  want,  or,  at  least, 
do  not  know  how  to  express  their  wants.  The  only  wonder  is  that 
this  condition  was  not  recognized  years  ago.  Wonderful  strides 
have  been  made  in  the  art  and  science  of  illumination,  when  we 
consider  the  comparatively  few  workers  devoting  their  entire  time 
to  this  field,  and,  while  the  general  recognition  of  this  specialty 
is  still  largely  confined  to  a  few  commercial  interests  more  directly 
allied  with  the  lighting  field,  a  remarkable  interest  has  been  shown 
during  the  past  year  by  electrical  engineers  and  contractors,  archi- 
tects and  consumers,  from  whom  a  truly  surprising  number  of  in- 
quiries have  been  received  by  the  illuminating  engineering  depart- 
ments of  the  lamp  and  reflector  manufacturers.  Many  lamp  sales- 
men are  also  taking  advantage  of  the  opportunities  afforded  by 
these  departments  to  get  closer  to  their  consumers  in  the  delivery 
of  that  in  which  the  consumer  is  most  particularly  interested — 
illumination.  Incidentally,  this  greater  consideration  of  results  has 
widened  the  lamp  market  very  considerably.  Intensities  of  two  to 
ten  times  that  of  a  few  years  ago  are  to-day  recognized  as  neces- 
sary in  many  mercantile  and  industrial  establishments. 

Street  illumination  is  beginning  to  receive  more  attention, 
which  will  undoubtedly  result  in  a  similar  widening  of  the  markei 
for  the  light  sources  adapted  to  this  service.  Street  lighting  in  ZSS. 
past  has  been  largely  a  matter  of  a  cash  appropriation  for  the  mini- 
mum number  of  lamps,  which  are  often  considered  merely  on  the 
basis  of  the  lamp  cost,  with  little  or  no  attention  to  the  generation 
or  distribution  of  the  light.  A  few  large  installations  for  real  street 
illumination  will  see  the  beginning  of  the  revolution  in  this  field. 

In  the  manufacture  of  incandescent  lamps  by  the  Westinghouse 
Lamp  Company,  with  which  the  writer  is  most  familiar,  the  produc- 
tion of  carbon  filament  lamps  has  not  shown  an  increased  demand 
although   the  output  was  equal  to  the  maximum  of  other  years. 
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The  metallized  filament  lamps  (in  which  the  notable  change  in  con- 
struction, from  the  double  hairpin  to  the  oval  filament,  was  con- 
ceived  and  developed  by  this  company)  are  now  toeing  used  in 
ater  quantities.  The  presenl  favorable  prices  on  these  lamps 
enable  many  of  the  larger  central  stations  to  substitute  them  for  the 
carbon  filament  lamps  formerly  furnished  to  their  consumers  on 
renewal  basis,  giving  the  consumer  approximately  25  per- 
cent increase  in  illumination,  with  a  useful  life  30  percent  to  40 
percent  greater  than  the  carbon  filament  lamps  and  with  practically 
the  same  renewal  cosl  and  income  to  the  central  station.  It  is  an- 
ticipated that  this  lamp  will  gradually  replace  the  old  carbon  fila- 
ment lamp  in  a  great  many  installations  throughout  this  country. 
In  the  100  volt  grade,  the  30  watt  lamp  was  developed  and  placed 
on  the  market  this  year.  Mention  might  also  he  made  of  a  small 
bull),  100  watt  lamp,  special  lamps  for  street  railway  work,  and  also 
the  200-250  volt  grade  on  which  creditable  progress  has  heen  made. 

Perhaps  the  most  notable  development  in  the  entire  tungsten 
lamp  field  has  been  the  recognition  and  adoption  by  all  the  large 
lamp  manufacturers  of  the  wire  type — the  one  continuous  filament. 
Many  of  the  later  types  of  lamps  introduce  one  feature  which 
should  be  recognized  by  those  who  purchase  lamps  for  use  with 
reflectors  in  which  a  certain  definite  position  of  the  filament  with 
reference  to  the  reflector  is  essential  in  order  to  secure  the  cor-« 
rect  distribution  of  light.  The  reflectors  of  the  better  grades  now 
in  u^e  were  designed  for  practically  the  same  light  source,  shape, 
size  and  position  as  the  earlier  forms  of  tungsten  lamps  in  which 
the  filaments  of  the  100  volt  grade  are  in  five  loops  in  the  25  and 
40  watt  sizes  and  six  loops  in  the  60  to  500  watt  sizes.  Lamps 
having  a  greater  number  of  loops  of  lesser  length  deviate  from 
the  standard  and  hence  the  units  do  not  give  the  exact  illumination 
results  for  which  they  were  designed.  Manufacturers  who  have 
lately  adopted  the  continuous  filament  type  of  construction  have 
deviated  in  n  any  instances  from  the  policy  of  standardization 
which  has  done  so  much  to  place  and  keep  the  American  incandes- 
cent lamp  manufacturer  above  his  European  rivals. 

The  production  of  tungsten  filament  lamps  by  this  company 
in  1910  was  on  a  basis  100  percent  greater  than  the  previous  year 
and  this  past  year'-  production  shows  an  increase  again  of  over 
"  percent  above  that  for  [910.     191 1  ha  een  the  successful 

development  by  this  company  of  tungsten  lamps  in  the  200  to  250 
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volt  grade  in  the  six  sizes  of  30,  40,  60,  100,  250  and  500  watt. 
These  lamps  are  excellent  in  every  particular,  and  mark  a  distinct 
advance  in  the  art  of  tungsten  lamp  manufacture. 

The  new  15  watt  tungsten  lamp  in  the  100  to  130  volt  grade 
has  proven  in  service  to  he  a  good  lamp  of  a  desirable  size  for 
many  locations.  The  adoption  of  the  25  and  40  watt  wire  type 
lamps  in  the  100  volt  grade  in  elevated,  trolley  and  subway  service, 
marks  a  notable  milestone  in  lamp  history. 

The  production  of  the  low  voltage  2j4  watt  sign  lamps  and 
of  the  street  series  tungsten  lamps  are  worthy  of  mention,  the  out- 
put of  the  latter  having  been  more  than  doubled  within  the  last 
three  months. 


THE  DEVELOPMENT  OF  THE  CO-OPERATIVE  SPIRIT 
BETWEEN   MANUFACTURERS  AND  USERS 

H.     D.    JAMES 

THE  general  tendency  to-day  among  the  leading  manufacturers, 
in  all  branches  of  industry,  is  to  furnish  their  customers 
with  satisfactory  results,  not  merely  merchandise.  This 
change  is  taking  place  through  a  scientific  study  of  the  requirements 
of  each  customer,  in  order  to  enable  him  to  increase  his  efficiency 
or  the  efficiency  of  the  men  under  him. 

In  the  field  of  electrical  engineering  these  investigations  are 
being  made,  perhaps  to  a  greater  extent  than  anywhere  else,  in  the 
proper  application  of  motors  to  various  industries.  The  first  steps 
in  this  direction  consisted  in  replacing  the  steam  engine  by  a  con- 
stant speed  electric  motor  belted  to  the  line  shaft.  There  are  many 
good  applications  of  this  kind  to-day,  but  a  further  study  of  the 
actual  requirements  showed  that  better  and  more  economical  re- 
sults could  often  be  obtained  by  using  an  individual  motor  for  each 
machine.  Not  only  did  this  eliminate  the  line  shafting  losses,  but 
it  gave  a  more  positive  drive  and  turned  out  more  and  better  work. 
This  latter  application  required  an  engineer  who  understood  both 
the  motor  and  its  control  as  well  as  the  power  and  speed  require- 
ments of  the  machinery  to  be  driven. 

The  power  plant  and  transmission  line  each  entered  into  the 
problem.  The  characteristics  of  the  motor  and  the  torque  required 
to  start  the  load  determine  the  maximum  demand  upon  the  gen- 
erator. Where  a  large  number  of  small  motors  is  used  this  matter 
is  unimportant,  but  one  or  two  large  motors  may  seriously  interfere 
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a  th  the  proper  operation  of  the  generator.    A  motor  geared  to  its 
subjected  to  vibration,  and  must  stand  severe  stresses  which 

not  applied  to  .1  belted  motor,  for  the  belt  acts  as  a  cushion. 
Thi  tie    or    two    references    show    how    the    engineering 

blems   <>\    motor  application   have   broadened.     Hie    first   step 

towards  solving  Mich  problems  is  to  develop  engineers  with  the 

ning  and  experience.    These  nun  must  first  have  a  thorough 

unding  on  broad  lines  so  that  they  will  understand  the  motors, 
controllers,  generators,  transformers  and  switchboards  which  enter 

units  into  the  problem.  They  must  then  make  a  special  study  of 
the  requirements  oi  the  user  and  the  results  he  wishes  to  ohtain. 
Tests  must  be  made  and  data  compiled;  sometimes  experimental 
applications  are  made  and  tried  out  before  a  definite  decision  is 
reached. 

One  of  the  earliest  problems  was  that  of  electric  traction.  Here 

tematic  study  and  tests  have  resulted  in  the  accumulation  of 
much  valuable  data.  Machine  tools,  cranes,  hoists,  etc.,  are  other 
examples.  The  increasing  der.and  for  electric  power  has  resulted 
in  the  building  up  of  large  central  stations  which  require  the  solu- 
tion of  another  set  of  application  problems. 

The  broadening  of  the  field  has  reduced  the  relative  area  which 
each  man  can  cover.  Engineers  are  now  specializing  on  groups  of 
applications  which  are  closely  related.  We  have  railway,  power  and 
industrial  engineers  and  these  divisions  are  again  sub-divided  and 
the  sub-divisions  are  increasing.  Designing  engineers  likewise  have 
been  divided  into  groups  and  sub-groups. 

Commercially  the  field  is  divided  into  three  elements :— the 
user,  the  manufacturer  and  the  consulting  engineer.  At  first  con- 
sulting engineers  operated  as  individuals,  but  now  many  consulting 
engineering  firms  embrace  a  stafT  of  engineer  specialists,  its  size  de- 
pending upon  the  variety  of  work  undertaken.  The  services  of  the 
QSulting  engineer  involved  expense  which  in  many  cases  was  not 
warranted  by  the  size  of  the  work.  For  this  reason  the  small  user 
came  direct  to  the  manufacturing  company  for  advice  as  well  as 
apparatus,  and  the  large  users  employed  their  own  engineers,  call- 
ing upon  the  consulting  engineer  only  when  in  trouble  or  when  large 
installation-  were  undertaken. 

The  consultations  with  the  manufacturers  by  customers  and 
customers'  engineers  made  it  necessary  for  the  former  to  have  some 
sort  of  a  consulting  force  to  assist  in  the  sale  of  their  product.   They 
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did  not,  however,  wish  to  assume  the  duties  and  responsibilities  of 
the  consulting  engineer  for  which  there  seemed  to  he  no  direct  com- 
pensation. The  customer,  on  the  other  hand,  often  felt  that  he 
could  get  a  less  biased  opinion  from  an  independent  engineer,  yet 
his  work  may  not  have  warranted  Mich  expenditure.  The  consulting 
engineer  did  not  always  look  with  favor  upon  the  manufacturers' 
application  engineer,  especially  when  the  apparatus  recommended 
was  not  strictly  in  accordance  with  the  consulting  engineer's  specifi- 
cation. The  lack  of  better  cooperation  between  the  consulting  engi- 
neer and  the  manufacturer's  specialist  resulted  in  much  special  ap- 
paratus  which  would  have  been  avoided  by  mutual  concessions  and 
as  good  results  would  have  been  obtained  with  a  smaller  investment. 

The  manufacturer  and  user  have  both  found  that  a  closer  co- 
operation in  the  obtaining  of  data,  on  which  to  base  applications,  has 
resulted  to  their  mutual  advantage.  The  user  gets  a  greater  output 
with  less  labor  and  investment.  The  manufacturer  gets  a  satisfied 
customer  which  results  in  quick  settlements  and  repeat  orders,  in- 
stead of  unsatisfactory  results  with  their  contingent  expense.  The 
larger  manufacturers  have  organized  efficient  staffs  of  application 
engineers  which  are  being  increased  as  conditions  demand  and  new 
applications  arise.  These  men  assist  the  salesmen  by  furnishing 
data  and  often  accompanying  them  on  their  visits  to  proposed  in- 
stallations. Special  investigations  are  undertaken  and  the  operator 
is  assisted  in  selecting  his  equipment.  Where  tests  are  required  the 
user  and  manufacturer  work  together  and  share  the  expense.  Con- 
ferences are  held  with  large  users  and  their  engineers.  Consulting 
engineers  find  that  conferences  with  the  manufacturing  engineers 
assist  in  the  selection  of  suitable  apparatus  at  the  minimum  cost. 

The  broad  gauge  policy  adopted  by  the  manufacturers  and  the 
gradual  changing  of  their  organization  has  gone  far  towards  busi- 
ness building.  A  set  of  specialists  has  been  developed  who  under- 
stand the  installation  of  the  various  kinds  of  apparatus.  They  have 
accumulated  and  classified  the  large  amount  of  information  which 
naturally  comes  to  a  manufacturing  company.  They  have  analyzed 
the  many  tests  which  are  continually  being  made  by  such  organiza- 
tions, often  arranging  for  special  tests  to  secure  valuable  data.  In 
short  such  an  organization  makes  use  of  its  every  department  to 
assist  in  furnishing  suitable  apparatus. 

"The  satisfied  customer"  has  displaced  previous  mottoes  in  the 
electrical  field.     There  is  a  spirit  of  cooperation  between  manufac- 
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Hirers  and  central  station  men,  and  both  arc  spending  time  and 
money  to  make  Mire  that  the  user  gets  the  right  apparatus  with  the 
least  trouble  and  risk.  Exact  engineering  data  is  replacing  guess 
work.  No  one  factor  has  contributed  more  to  the  advancement  of 
the  electrical  industry  than  this  accumulation  of  data  and  its  com- 
mercial use  by  leading  manufacturers.  The  men  who  represent  the 
manufacturer  are  no  longer  mere  traditional  salesmen.  They  have 
I  engineering  experience  and  know  how  to  use  available  data. 
Where  the  problem  is  of  some  magnitude  or  involves  unusual 
features,  the  user,  having  the  henefit  of  an  engineer-specialist  who 
has  made  a  particular  study  of  similar  installations,  can  feel  assured 
that  the  manufacturer  will  use  his  best  knowledge  to  supply  satis- 
factory apparatus  and  will  guarantee  it. 

The  facilities  offered  by  manufacturers  for  conferences  with 
their  specialized  engineers,  for  tests  and  for  the  use  of  their  accumu- 
lated data  by  the  purchaser  is  of  considerable  value  to  both  the  cen- 
tral station  and  the  isolated  plant.  The  former  uses  these  facilities 
f(  >r  increasing  his  business  as  well  as  the  improvement  of  his  plant. 
The  benefit  to  the  latter  is  still  more  marked.  The  small  plant 
operator  must  know  exactly  what  power  demands  will  be  made  upon 
his  plant  and  how  best  to  meet  them.  He  has  better  assurance  that 
his  investment  will  be  profitable  and  that  there  will  be  no  delay  in 
starting  up  his  apparatus.  Such  cooperation  reduces  waste,  insures 
continuity  of  service,  and  results  in  increased  efficiency  for  all 
concerned. 


PROGRESS  IN  GENERATORS  AND  ROTARY 
CONVERTING  APPARATUS 

F.  D.  NEWBURY 

IX  a  similar  review  for  1910,  attention  was  called  to  the  fact  that 
generators  up  to  2  500  k.v.a.  normal  rating  had  been  built  to 
erate  at  3600  revolutions  per  minute.  It  is  now  evident  that 
this  mark  can  be  considerably  advanced,  in  fact,  as  far  as  there  is 
any  advantage  in  space  required  or  in  steam  economy. 

There  has  been  a  steady  advance  in  the  application  of  direct- 
connected  units  of  medium  size.  For  sizes  larger  than  can  be  eco- 
nomically built  and  operated  direct  connected,  the  turbine  re- 
duction gear  has  been  advantageously  used.  Several  500  kilo- 
watt and  several  I  000  kilowatt  units  have  been  built  or  are  under 
construction.     For  these  units  3  600  r.p.m.  turbines  are  generally 
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used  with  720  r.p.m.  generators  in  the  500  kilowatt  size  and  514 
r.p.m.  generators  in  the  1  000  kilowatt  size,  thus  combining  turbines 
and  generators  of  the  most  economical  speeds. 

During  the  year  the  commutating  pole  construction  has  been 
extended  to  slow  speed  generators  driven  by  reciprocating  engines, 
thus  obtaining  in  this  class  of  apparatus  the  well-known  advan- 
tages of  the  commutating  pole  construction. 

With  the  improvement  in  the  design  of  the  60  cycle  rotary 
converters  chronicled  last  year,  due  to  the  use  of  fewer  poles  and 
higher  speed,  there  has  been  an  increased  demand  for  this  class  of 
apparatus.  It  is  typical  of  this  new  attitude  that  a  large  railway 
and  lighting  system  in  the  Middle  West  has,  during  the  past  year; 
adopted  60  cycle  generating  and  sub-station  equipment  after  25 
cycle  apparatus  had  practically  been  decided  upon.  The  use  of  60 
cycles  obviously  presents  many  advantages  where  a  combined  rail- 
way, general  power,  and  lighting  load  must  be  provided  for.  There 
are  also  very  few  interurban  roads  which  could  not  develop  a  prof- 
itable business  in  general  power  and  lighting  along  its  lines,  provid- 
ing 60  cycle  power  could  be  furnished  economically.  This  situation 
indicates  the  continued  increase  in  application  of  60  cycle  rotary 
converters  for  railway  work. 

In  the  latter  part  of  1910,  commutating  pole  rotary  converters 
were  being  discussed.  During  191 1,  this  type  of  apparatus  has  en- 
tered the  commercial  field.  A  commutating  pole  rotary  converter 
with  7  500  kilowatts  maximum  capacity  has  been  furnished  the 
Interboro  Rapid  Transit  Company,  in  New  York,  and  a  1  500  kilo- 
watt, 500  r.p.m.  commutating  pole  rotary  converter  has  been  built 
for  the  power  supply  station  of  the  Westinghouse  Electric  &  I\I  fg". 
Company.  While  this  speed  may  seem  revolutionary  for  a  1  500 
kilowatt  rotary  converter,  the  advantages  gained  through  the  use 
of  the  commutating  pole  permit  the  construction  of  a  machine  of 
good  proportions  and  with  no  greater  peripheral  speed  than  has 
been  used  for  non-commutating  pole  machines  of  the  same  rating 
with  much  lower  revolutions  per  minute. 

The  use  of  the  booster  type  of  rotary  converter  for  obtain- 
ing variable  direct-current  voltage  in  lighting  work  has  been  con- 
siderably extended  during  the  year.  A  number  of  1  000  and  2  000 
kilowatt  units  have  been  supplied  for  lighting  work,  and  three  I  200 
kilowatt  units  have  been  supplied  for  electrolytic  work.  All  of 
these  units  have  so  far  been  for  use  on  25  cycle  systems.    There  is 
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no  reason,  however,  why  the  same  principle  of  voltage  variation 
cannot  be  applied  to  60  cycle  rotary  converters  with  equal  success. 
It  will  be  only  a  question  of  a  shorl  time  before  such  units  will  be 
supplied  for  lighting  companies,  with  60  cycle  power  supply,  which 

now  using  motor-generator  sets,  since  considerable  improve- 
ment in  efficiency  and  reduction  in  floor  space,  both  items  of  vital 
importance,  can  be  accomplished  by  this  substitution. 

Improvements  in  motor-generator  sets  during  the  year  have 
suited  in  increased  efficiency,  reduced  floor  space  and  reduction  in 
noise  in  large  sizes.  Some  notable  sets  have  been  furnishd  for 
lighting  service  in  Chicago,  having  a  rating  of  1  500  kilowatts,  250 
voll  ■  r.p.m..  with  enclosed   frames  so  that  the  air  from  both 

machines  of  the  set  can  be  discharged  through  ducts  outside  of 
the  station.  This  results  in  reduced  room  temperature  and  reduced 
noise  in  the  sub-station,  items  of  considerable  importance  in  sub- 
stations located  in  congested  business  districts. 

Among  the  interesting  generators  supplied  during  the  year  for 
water-power  plants  have  been  some  3000  k.v.a.,  514  r.p.m.  enclosed 
generators,  and  two  12  500  k.v.a.,  300  r.p.m.  vertical  generators. 
Both  of  these  designs  employ  rotors  built  up  solidly  of  two-inch 
rolled  plates,  giving  a  construction  of  great  strength  and  reliability. 
This  construction  has  enabled  both  generators  to  be  conservatively 
designed  for  100  percent  overspeed,  notwithstanding  the  high  nor- 
mal Spt 

Illustrating  the  opposite  speed  conditions,  fourteen  vertical  gen- 
erators having  a  rating  of  300  k.v.a.  at  72  and  75  r.p.m.  have 
been  supplied.  The  majority  of  these  generators  were  for  60  cycle 
*ems.  which  necessitated  100  and  96  poles.  In  spite  of  the 
abnormally  large  number  of  poles,  these  generators  were  built  with 
a  moderate  outside  diameter,  an  item  of  considerable  importance 
in  vertical  generator-,  since  the  outside  diameter  of  the  gen- 
erator frame  usually  determine-  one  dimension  of  the  power  sta- 
tion building. 


PRACTICAL  EXPERIENCE  FOR  ENGINEERING 

STUDENTS 

CHAS.  F.  SCOTT 

4£f  §  \[\\:.  establishment  of  apprenticeship  cou  for  engineer- 

ing graduate  n  acknowledgement  thai  the  output  of 

our  engineering  schools  is  unsatisfactory."     I     this  state- 
ly made  by  an   engineering  educator,   really  true?      I 
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believe  not,  if  it  implies  that  "satisfactory"  graduates  would  make 
such  courses  unnecessary.  (  )n  the  contrary,  the  technical  graduate 
has  come  into  general  favor  because  he  is  no  longer  expected  to  be 

a  trained  practical  expert  when  he  gets  his  diploma,  but  is  pre- 
sumed to  have  a  preliminary  training  which  will  enable  him  to  ac- 
quire readily  the  special  training  and  the  practical  experience 
needed  in  his  chosen  profession.  There  is  a  great  deal  in  the  in- 
dustries which  they  themselves  must  furnish,  which  it  is  not  only 
impracticable  for  the  technical  schools  to  supply,  but  which  it  is  not 
their  function  to  furnish.  Their  function  is  to  make  good  begin- 
ners and  the  specialized  training  upon  which  the  vitality  and  de- 
velopment of  an  industry  depend  must  be  fostered  within  the  in- 
dustry itself.  Hence,  the  post-graduate  course  in  the  world's  work- 
shop is  normal  and  proper — a  logical  supplement  to  the  technical 
school  and  not  a  reflection  upon  its  efficiency. 

Cooperative  systems  of  various  kinds  are  being  provided  by 
which  students  may  acquire  practical  experience  before  the  comple- 
tion of  their  school  work.  One  of  the  latest  examples  is  at  the 
University  of  Pittsburgh,  which  provides  several  periods,  each  of 
a  few  months,  during  the  sophomore  and  junior  years  which  the 
student  spends  as  a  workman  in  the  industries  of  the  Pittsburgh 
District.  The  great  value  of  this  system  is  not  that  the  student's 
technical  knowledge  is  increased  in  a  big  practical  laboratory,  but 
that  it  helps  to  make  him  a  better  beginner  after  graduation.  A 
present  difficulty  with  many  graduates  is  that  they  have  so  long 
breathed  only  the  atmosphere  of  the  school  where  the  purpose  of 
everybody  is  to  teach  them  something,  that  they  catch  pneumonia 
in  the  chilly  surroundings  of  real  life  where  they  are  expected  to 
do  something  for  somebody  else.  Then  there  is  also  the  seriousness 
of  doing  one  thing  nine  or  ten  hours  a  day,  week  after  week,  in- 
stead of  taking  half  a  dozen  subjects  at  a  time  in  hourly  doses  along 
with  as  many  more  varied  outside  interests.  The  transition  will 
be  much  easier,  the  graduate  will  be  a  much  better  beginner,  if  he 
has  breathed  factory  air  and  responded  to  the  seven-o'clock  whistle 
in  earlier  years. 

Many  students  learn  what  is  in  the  book,  but  do  not  compre- 
hend the  real,  physical  thing.  The  formula  is  the  thing  they  feel 
familiar  with ;  the  phenomenon  is  something  which  is  explained  by 
the  formula.  One  of  the  hardest  tasks  of  the  teacher  is  to  counter- 
act this  tendency  and  lead  the  pupil  to  think  and  feel  nature's  laws 
for  himself.     Formulas  then  become  merely  a  convenient  shorthand 
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method  of  expressing  them,  worthy  <>i"  no  more  reverence  than  the 
[jrapher's  notes  of  a  greal  speech.     Just  as  judicious  labora- 
.   ve  definite  meaning  to  what  may  otherwise  be  hope 
lessly  vague  and  abstract,  so  judicious  workshop  or  other  practical 
experience  n  ay  give  definite  meaning  to  the  whole  college  life,  mak- 
ing clear  the  rational  purpose  of  its  training  in  fundamental  things, 
affording  an  intelligent  insight  into  the  relations  between  the  col- 
world  and  the  larger  world,  and   inspiring  a  new  and  concrete 
interest    in   one's   studies   as    he   appreciates   that    the   college   course 
itself  is   a   sort  of   formula   which   stands    for  the   things   in   serious, 

ctical  life.  This  new  attitude  of  the  student  to  the  later  years  of 
the  college  work  is  one  of  the  best  features  of  the  cooperative 
method. 

Factory  work  will  bring  out  clearly  the  serious  and  to  some 
students  the  disappointing  fact  that  the  manufacturer  is  not  run- 
ning a  shop  school,  hut  a  business  proposition  and  that  they  arc 
likely   to   acquire   more    in    the   way   of   general    discipline    than   of 

hnical  information.  And  it  is  well  that  this  is  so,  for  more 
graduates  fail  for  lack  of  the  ability  to  get  along  efficiently  with 
other  people  than  for  lack  of  technical  knowledge.  Hence  the 
value  of  the  experience  and  the  new  point  of  view  which  early 
contact  with  working  men  and  with  real  things  are  apt  to  give. 

When  the  employers  of  graduate-  say  they  are  "unsatisfactory" 
it  is  usually  not  because  they  are  not  full-fledged  engineer-,   hut  it 

because  they  are  not  good  beginners,  and  cooperative  methods 
may  be  made  an  effective  mean-  of  supplying  some  of  their  impor- 
tant deficiencies. 


IMPROVEMENTS  IN  TRANSFORMERS 

W.  M.  MoCONAHEY 

AR  [  EY  of  the  field  of  transformer  engineering  during 
the  year  191 1  does  ii"i  -how  any  radical  changes  in  de- 
sign a-  compared  with  [910.  'Idle  changes  thai  have  been 
made  are  mainly  in  the  way  of  improvements  and  refinements 
of  existing  designs  rather  than  the  introduction  of  new  typ 
Among  transformers,  mention   was  made   in   the  issue  of 

'  January  of  the  tendency  toward  the  use  of  larger  units  and 
the  employment  of  higher  voltages  for  long  distance  trans- 
mission. This  tendency  111  apparent  and  transformers  are 
now  being  built  for  larger  outputs  and  higher  voltages  than  ever 
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before.  From  an  engineering  standpoint,  there  is  no  reason 
why  size  and  voltage  should  not  be  further  increased,  but  when 
the  poinl  Is  reached  where  it  is  necessary  to  ship  the  trai 
former  in  parts  and  assemble  at  destination,  it  is  doubtful 
whether  anything  can  be  saved  in  cost  over  that  of  smaller  units. 
Of  course,  other  reasons  may  enter;  for  example,  in  some 
places  the  high  value  of  floor  space-  which  will  make  it  advisable 
to  use  very  large  units. 

Self-cooling  transformers  of  the  tubular  type  have  become 
firmly  established  as  supplying  a  much  needed  want  for  oil-in- 
sulated, self-cooling  transformers  of  large  sizes.  In  many  places 
artificial  cooling  is  inadvisable  or  impractical,  and  in  such  cases 
the  tubular  is  the  only  type  of  self-cooling  transformer  so  far 
devised  that  can  be  constructed  successfully  for  sizes  of  from  about 
1000  to  3000  k.v.a.  In  the  many  places  that  they  have  been 
installed  they  have  proven  most  satisfactory  and  their  use  is 
increasing  rapidly. 

Air-blast  transformers  are  used  mainly  in  a  few  large  cen- 
ters and  generally  for  the  operation  of  rotary  converters.  The 
size  is  therefore  generally  determined  by  the  size  of  the  con- 
verter. Recently  converter  sizes  have  been  increasing  rapidly 
so  that  in  the  near  future  machines  of  from  4000  to  5000  kilo- 
watts output  will  probably  be  in  operation,  and,  as  polyphase 
transformers  of  equivalent  output  will  be  used  in  most  cases,  a 
new  record  will  thus  be  established  for  size  for  both  rotary  con- 
verters and  air-blast  transformers. 

The  condenser  type  of  terminal  for  high  voltages  has  been 
still  further  perfected  and  is  now  recognized  as  a  properly  de- 
signed and  absolutely  reliable  terminal.  Formerly  one  of  the 
most  difficult  problems  of  high-voltage  transformer  design  was 
to  get  a  satisfactory  outlet  terminal,  but  now,  with  the  con- 
denser type  it  is  no  more  difficult  to  design  a  terminal  for  500000 
volts  than  for  100  000  volts.  These  terminals  are  made  just 
as  easily  for  outdoor  as  for  indoor  service.  They  are  now  be- 
ing used  very  extensively  on  circuit  breakers  and  wherever  high- 
voltage  outlet  terminals  are  required. 

Among  distributing  transformers  many  improvements  have 
been  made  in  details  of  design  and  methods  of  manufacture. 
These  improvements,  taken  collectively,  have  resulted  in  greater 
reliability  and  better  performance  for  a  line  of  transformers  that 
already  rank  high  in  these  respects.     Reliability  is  absolutely 
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necessary  and  good  performance  is  an  essential  part  of  satis- 
factor)  service.  Distributing  transformers  nearly  always  have 
their  primaries  connected  to  live  circuits  24  hours  a  day,  so 
that  iron  loss  is  the  most  importanl  Factor  in  determining  the 
all-day  efficiency.  Every  efforl  has  been  made  to  improve  the 
performance  in  this  respect  with  the  resull  that  the  iron  loss 
has  recently  been  reduced  considerably  below  the  previous  low 
valu 

.More  attention  is  now  paid  to  the  accuracy  of  instrument 
transformers  than  ever  before.  A  high  degree  of  accuracy  is 
necessary  for  good  measuring  instruments  and  careful  atten- 
a  to  the  design  of  transformers  to  go  with  them  is  necessary 
in  order  to  secure  this  result.  Among  the  difficult  measure- 
ments to  be  made  are  those  of  ratio  and  phase  displacement 
of  current  transformers.  A  new  type  of  apparatus  has  just 
been  devised  by  means  of  which  these  measurements  can  be 
made  in  a  most  accurate  and  satisfactory  manner,  thus  assisting 
greatly  in  securing  the  desired  results. 

Experimental  and  research  work  have  been  carried  on  con- 
tinuously and  many  of  the  improvements  made  have  been 
brought  about  through   these  means. 


PROGRESS  IN  THE  SMALL  MOTOR  FIELD 

BERNARD  LESTER 

THE    popularity    of   small    motors   and    small    motor-driven 
machines  continues   to   increase   as   their   merits   become 
more  widely  known,  and  the  circuits  of  central  power  sta- 
tions become  extended  into  a  greater  proportion  of  the  homes. 
The  pa  ar  has  seen  a  large  increase   in   the  number  of 

devices  for  which  motors  may  be  used.  When  the  small  motor 
first  came  into  use,  it  was  applied  principally  to  those  de- 
vices which  depended  entirely  on  it  for  their  success,  such  as 
the  portable  vacuum  cleaner,  or  the  graphophone.  Although 
the  demand  for  motors  in  these  fields  continues,  the  increase  in 
demand  during  the  past  year  has  been  more  in  connection  with 
machines  which  formerly  were  hand  driven,  but  now  are  being 
driven  by  motors.  Development  in  this  direction  is  naturally 
secondary  to  the  exploitation  of  a  device  which  is  useful,  yet 
depends  entirely  for  its  utility  upon  the  fact  that  it  is  driven 
bv  a  small   motor.     An  illustration  of  this  is  the  increased  de- 
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mand  which  exists  for  motor-driven  washing  machines.  The 
washing  machine  is  one  of  the  oldest  machines  of  the  modern 
household,  yet  the  labor  in  connection  with  it  has  never  been 
in  its  favor.  As  a  motor-driven  device  its  merits  are  particularly 
pronounced,  since  the  total  amount  of  labor  required  for  operat- 
ing a  hand-driven  machine  is  very  greatly  reduced  by  employing  an 
electric  motor. 

Aside  from  this  the  past  year  has  also  been  marked  by  the 
closer  analysis  of  small  motor  applications  which  is  being  made. 
Until  very  recently  the  attitude  which  has  been  taken  by  many 
manufacturers  and  large  users  is  that  the  question  of  small  mo- 
tor application  was  mainly  one  of  "cut  and  try,"  and  not  one  of 
engineering  analysis.  There  is  duplicated  in  the  small  motor 
field  all  the  problems  of  application  encountered  in  the  indus- 
trial field  in  connection  with  larger  motors.  The  apparent  in- 
significance of  the  individual  power  unit  has  misguided  many 
with  the  idea  that  the  field  for  the  small  motor  and  the  prob- 
lems involved  in  its  application  are  also  small. 

The  application  problems  always  involve  three  parties,  the 
motor  manufacturer,  the  manufacturer  of  the  driven  machine, 
and  the  central  station  or  power  seller.  The  year  of  191 1  has 
brought  greater  cooperation  between  these  three  influences  with 
the  result  that  the  public  to-day  can  purchase  small  motor-driven 
machines  designed  for  service  conditions. 


IMPROVEMENTS   IN  DETAIL  APPARATUS 

T.  S.  PERKINS 

IN  detail  apparatus  the  tendency  during  191 1  has  been  to  bring 
existing  lines  of  apparatus  to  a  higher  degree  of  perfection 
rather  than  towards  radically  new  developments.  Consider- 
able attention  has  been  given  to  the  physical  proportions  of  some 
of  these  devices  in  order  to  make  them  lighter  and  smaller.  This 
is  particularly  true  of  measuring  instruments  and  fan  motors. 

In  measuring  instruments  some  new  lines,  both  alternating 
and  direct  current  have  been  developed.  Particularly  noticeable 
among  these  are  the  lines  of  long  scale  seven-inch  instruments. 
In  these  instruments  the  reduction  in  size  has  been  made  with- 
out any  sacrifice  whatever  in  performance.  It  is  obvious  that 
this  gives  a  material  advantage  in  applying  these  instruments  to 
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of  the  i\-<'n.Mny  in  space  thus  secured. 
There  has  been  further  perfection  of  portable  instruments  which 
make  them  accurate  permanent  and  rugged.     Particular 

tention  has  been  paid  to  accessibility  of  part--  so  that,  in  ca-<- 
[dent,  they  can  be  repaired  in  the  minimum  of  time  and 
se. 
Tlu-  watthour  meter  development  for  the  year  has,  in  view 
;he  insistent  demand  of  the  operating  companies  for  a  cheap- 
er mel  suited  in  placing  on  the  market  by  all  of  the  meter 
manufacturing  companies  of  new   meters  embodying  the  same 
princi]  ing  apparatus,  but  worked  out  to  permit  lower 
manufacturing  and  hence  selling  price.    This  development 
has  made       ssible  the  early  adoption  of  bottom  terminal  meters 
and  more  legible  dials.     Arrangements  are  on  foot  for  a  revision 
Meter  (."ode  as   adopted  by  the   National   Electric    Light 
iation   and  the   Edison    Association.      Several  have 
adopted  public  service   laws,  creating  commissions  with   duti 
similar  to  existing  public  service  commissions. 

In  lightning  arrester  work,  perfecting  of  the  existing  types 
apparatus  has  been  continued  and  the  development  of  a  con- 
siderable additional  number  of  forms  and  sizes.     Nothing  funda- 
mentally new  has  been  brought  out,  but  the  experimental  stage 
the  aluminum  or  electrolytic  type  of  arrester  ha-  passed,  and 
the  apparatus  has  been  accepted  as  standard.     The  standards  of 
insulation     of     apparatus     in     general     have     become     such     that 
this  fact,  combined  with  the  highly  effective  protective  appara- 
tus,  has   reduced    lightning   trouble    to   comparatively    harml 
•is. 
The   demands   for   control   apparatus   have   proven    that    it- 
erating men  are  giving  more  attention   to  this  class  of  appara- 
tus.     This   is    manifested   by   the    more    exacting   specifications 
and  the  insistence  on  specialized  types.     The  call  for  automatic 
and  semi-automatic  control  has  increased  and  with  it  the  demand 
thr  peed  and  efficiency  be  obtained.     Operating  con- 

ave  received  more  careful  study  and  analysis  and  the 
i  anticipate  demands  thereby  gained  has  been  of  influ- 
ence in  extending  th<  electrical  drive  in  many  industries 
and  in  opening  up  new  fields  for  this  power,  a-,  for  example,  in 
11  drilling.  Remote  control  apparatus  is  gaining  in  favor 
and  protective  devices  of  all  kinds  are  being  more  largely  intro- 
duced. 
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Jn  electric  lighting,  especially  street  lighting,  there  has  b< 

a  noticeable  increase  in  the  use  of  tungsten  incandescent  lamp-. 
The  tungsten  lamp  is  used  in  places  where  units  of  comparatively 
low  intensity  are  required,  and  in  such  places  arc  lamps  have  been 
superseded  largely  by  tungsten  lamps.  There  has  been  a  continued 
tendency  toward  a  higher  standard  of  street  illumination.  The 
year  has  seen  the  introduction  in  this  country  of  the  long  burning 
flaming  carbon  arc  lamp.  It  would  appear  that  this  lam])  will  have 
a  very  considerable  application,  especially  where  units  of  very  high 
intensity  are  wanted. 

The  growth  of  the  fan  motor  business  has  rapidly  increased 
and  the  development  of  the  year  has  been  such  as  to  still  fur- 
ther extend  its  distribution  and  increase  its  popularity.  Care- 
ful attention  to  design  has  resulted  in  an  improvement  in 
appearance,  a  reduction  in  weight  and  an  increased  economy  of 
operation.  Marked  improvement  has  also  been  made  in  the  oscil- 
lating fans  of  the  mechanical  operating  type,  both  in  appearance 
and  in  performance. 

The  field  for  electric  cooking  and  heating  apparatus  con- 
tinues to  broaden  in  scope.  There  has  been  a  material  increase 
in  the  application  of  electric  heating  to  different  types  of  house- 
hold devices.  A  device  can  now  be  found  for  practically  every 
cooking  operation  requiring  the  application  of  heat.  In  industrial 
work  there  have  been  many  new  applications.  These  vary  all  the 
way  from  the  small  smoothing  iron  to  the  large  bake-oven 
which  will  hold  350  loaves  of  bread.  Some  interesting  special 
applications  have  been  made,  a  particular  one  being  a  type  of 
hot  water  heater  for  heating  greenhouses.  In  this  hot  water 
plant  the  heating  elements  are  immersed  in  the  water  and  the 
water  circulates  through  the  heating  pipes  in  the  usual  way. 
Leads  from  the  heating  elements  are  carried  to  a  switchboard 
so  that  an  attendant  may  vary  the  temperature  at  will. 


DEVELOPMENTS  IN  PROTECTIVE  RELAYS 

A.  W.  COPLEY 

FOR  the  protection  of  transmission  lines  and  apparatus  and 
insuring  continuity  of  service,  which  in  many  cases  is  of 
even  greater  importance,  it  is  essential  that,  in  case  of  a 
ground  or  short-circuit  occurring  at  any  point  in  a  system,  the  sec- 
tion in  which  the  fault  is  located  be  isolated  from  the  rest  of  the 
system  in  the  shortest  possible  time.     In  order  to  obtain  such  iso- 
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lation  of  a  fault  a  system  of  relays  for  operating  circuit-breakers 
is  necessary,  the  relays  being  chosen  and  located  to  suit  the  operat- 
ing conditions  of  any  particular  case.  In  some  places  overload  re- 
lay- are  necessary,  in  other  reverse  current,  and  in  still  others  com- 
bination reverse  current  and  overload  relays  must  be  used.  More- 
Over,  the  time  characteristics  required  in  the  various  relays  cover  a 
wide  range  and  must  be  chosen  with  regard  to  the  needs  of  the 
individual  case.  In  the  pasl  year  more  thought  has  been  given  to 
the  proper  application  of  relays  in  large  transmission  systems,  and 
development  in  design  has  been  stimulated  by  the  call  for  relays 
with  time  characteristic-  more  definite  and  reliable  than  had  been 
previously  required.  The  time  characteristic  of  most  relays  had  beet; 
either  a  definite  time  limit  of  a  certain  number  of  seconds  irre- 
i  the  load  or  an  inverse  time  limit  in  which  the  tripping 
time  varied  inversely  as  about  the  square  of  the  current,  or,  as 
made  by  one  manufacturer,  a  combination  of  these  two.  The  first 
gives  no  selective  action  determined  by  the  amount  of  the  overload; 
the  second  gives  selective  action  under  certain  conditions  in  which 
the  overload  i-  less  than  about  three  or  four  hundred  percent  of 
normal.  At  very  heavy  overloads,  in  the  neighborhood  of  a  thous- 
and percent,  the  -elective  action  is  not  very  reliable  on  account  of 
the  very  short  time  element  obtainable  at  such  loads  without  ex- 
>sive  time  adjustment  at  more  moderate  overloads.  The  third, 
while  retaining  the  inverse  time  element,  provide-  greater  retarding 
action  on  excessive  overload-  than  i-  obtainable  with  a  simple  in- 
verse time  element.  The  past  year  has  seen  relays  developed 
which  give  a  more  reliable  time  clement  varying  inversely  as  ap- 
ximately  the  tir-t  power  of  the  current,  and  with  which  selective 
action  has  been  rendered  possible  under  the  most  trying  conditions. 
For  rever-e  current  work  relays  of  much  more  reliable  action 
than  hitherto  attained  have  been  developd  and  for  these  and  the 
combination  overload  and  re  urrent  relays  which  had  already 

been  developed,  there  has  been  a  greatly  increased  demand  as  they 
meet  the  very  rigid  requirement-  of  the  modern  power  system.  All 
of  the  higher  accuracy  relay-  have  been  of  the  "meter  type,"  in 
which  the  contacts  are  operated  by  a  metal  disc  rotating  by  inductive 
action  in  the  air-gap  of  an  electromagnet,  the  rotation  being  opposed 
by  a  control  spring  and  retarded  by  damping  magnets.  Such  re- 
re  easily  adjusted  both  for  current  or  time  settings;  and, 
e  they  have  a  minimum  amount  of  friction  in  the  movement, 
the  -etting-  can  be  depended  upon  to  give  reliable  tripping  values. 
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RECENT   DEVELOPMENTS   IN    ELECTRIC   HEATING 

W.  O.  PEALE 

T;IIH  past  year  has  seen  no  material  improvement  in  the  re- 
sistance materials  used  in  the  various  makes  of  electrical- 
ly heated  apparatus,  but  this  is  of  little  moment  inas- 
much as  the  methods  of  insulating  and  assemhling  the  materials 
at  hand  have  so  far  advanced  as  to  practically  preclude  the  ne- 
cessity for  better  qualities  of  resistors.  It  has  long  been  known 
that  the  most  satisfactory  form  of  heater  is  one  in  which  the 
heat  element  is  in  the  form  of  thin,  flat  units,  which  give  the 
greatest  possible  area  for  transfer  of  heat  to  the  working  surface 
and  which  can  readily  be  insulated  and  assembled  in  such  a 
manner  as  to  protect  the  element  from  oxidizing  influences  and 
at  the  same  time  permit  of  the  rapid  and  constant  transfer  of 
heat  to  the  working  surface. 

This  construction  has  been  successfully  developed  in  the 
well-known  electric  irons  and  electric  toaster  stoves  which  have 
been  on  the  market  for  several  years.  In  the  past  year  this  princi- 
ple has  been  successfully  applied  to  various  other  devices,  such 
as  electric  chafing  dishes,  frying  pans,  percolators,  etc. 

It  is  also  worthy  of  note  that  more  attention  has  been  paid 
to  the  efficiency  of  application  of  the  heaters  to  the  various  de- 
vices, which  results  in  a  lower  operating  cost  than  was  obtained 
with  the  older  methods.  For  instance,  the  use  of  immersion  heaters 
wherever  possible,  in  preference  to  an  external  stove,  results  in  a 
great  saving  to  the  user,  while  other  devices  such  as  frying  pans 
and  chafing  dishes  are  being  made  self-contained  and  as  light  as 
consistent  with  good  design,  which  gives  very  quick  heating  with 
practically  no  loss  of  energy. 

There  have  been  several  applications  of  electric  heat  to  large 
hot  water  and  steam  generators.  A  very  efficient  form  of  heater 
has  been  developed,  consisting  of  a  copper  container  within 
which  the  heating  element  is  assembled  under  heavy  pressure. 
This  element  is  immersed  in  the  water  and  all  of  the  heat  supplied 
must  pass  into  the  liquid.  The  only  loss  is  that  by  radiation  from 
the  external  surface  of  the  vessel  or  boiler. 

Without  going  into  details,  it  may  be  stated  that  the  field  of 
electric  heating  is  developing  and  broadening  very  rapidly  and 
that  the  past  year  has  seen  more  real  advancement  in  the  prac- 
ticability and  usefulness  of  the  devices  marketed  than  any  pre- 
vious season. 


PRI.WF  MOVERS  FOR  CENTRAL  STATIONS* 
THEIR  EO  >N<  >MIC  RELATION 

EDWIN  D.  DREYFUS 

CI  INVERSION  oi  the  potential  energy  of  our  various  com- 
mercial fuels  int.*  mechanical  power    is  at  present  success- 
fully accomplished  thermodynamically  through  the  use  of 
the  steam  engine,  the  steam  turbine,  the  gas  engine,  and  in  some 

;es  where  oil  enters  the  fuel  market  prominently,  the  oil  engine. 
Each  oi  these  classes  of  prime  movers  has  reached  a  high  crest  of 
development,-  -both  the  steam  motor,  firing  the  fuel  externally  and 
rating  through  the  agency  of  steam;  and  the  internal  combus- 
tion engine.  In  the  latter  case,  the  form  of  motive  power  has,  in 
practice,  been  restricted  to  the  piston  engine,  gas  turbines  having 
been  greatly  retarded  by  the  difficulty  of  establishing  an  efficient 
cycle  of  operation  and  of  securing  materials  of  construction  which 
will  withstand  the  working  temperatures  and  action  of  the  gases. 
There  have  been  built  and  operated  for  experimental  purposes,  sev- 
eral gas  turbines,  but  so  far  they  have  given  small  promise  of  prac- 
tical application. 

Excepting,  then,  the  gas  turbine,  the  four  heat  engines  above 
defined,  may  now  he  depended  upon  for  reliable  service,  and  their 
particular  selection  in  any  case,  will  be  found  to  be  governed  by  the 
nature  of  the  demand  and  the  surrounding  conditions,  such  as  ex- 
tent of  power,  capacity  or  station  factor,  character  of  load,  value 
fuel,  cost  of  labor  and  materials,  and  other  operating  considera- 
ns.  It  is  not  the  intent  of  the  author  to  espouse  the  cause  of 
anv  one  of  these  different  types,  but  to  review  some  of  the  elements 
of  ultimate  cost  of  producing  mechanical  energy  and  its  conversion 
into  electric  current,  which  bear  upon  immediate  and  future 
economy. 

The  hydraulic  turbine  is  only  a  competitor  of  the  heat  engine 
(in  the  low-priced  fuel  districts)  where  the  cot  of  development,  in- 
cluding the  acquisition  of  riparian  rights,  is  moderate,  the  points  of 
consumption  of  the  power  within  reasonable  radii,  and  the  probable 
load  factor  or  demand  sufficient  to  warrant  the  cost  of  dams,  flumes, 
machinery  and  transmission  lines. 


*Paper  read  before  the  Association    of    Iron    and    Steel    Electrical    En- 
~rs. 
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Generally  regarded,  the  different  types  of  prime  movers  have 
specific  fields  wherein  they  have  the  greatest  usefulness,  and  this 
condition  will  probably  hold  for  an  indefinite  period.  About  the 
most  revolutionary  event  which  might  occur  in  the  arts,  would  be 
the  evolution  of  an  electro-chemical  process  of  transforming  the 
stores  of  energy  in  fuel  into  electric  power  in  a  single  step  which 
will  comprise  apparatus  constituted  of  commercially  economical 
materials.  This  obscure  subject  has  not  been  neglected  by  the  in- 
ventor, but  no  practical  results  have  yet  been  produced.  While 
there  are  systems  in  which  electro-chemical  transformation  is  pos- 
sible, they  involve  the  use  of  rare  metals,  and  it  therefore  becomes 
of  little  value  to  the  industries. 

A  departure  of  some  note  from  the  use  of  the  chemical  energy 
embosomed  in  the  earth,  or  that  of  the  difference  in  level  of  streams 
or  rivers,  is  the  contrivance  of  solar  motor  systems,  directly  utilizing 
the  radiant  energy  of  the  sun.  They  have  become  a  fait  accompli, 
and  may  be  operated  successfully  under  favorable  auspices. 
Their  commercial  application,  owing  to  working  conditions  and  high 
first  cost,  is  restricted  virtually  to  tropical  regions  where  fuel  is  par- 
ticularly expensive;  the  solar  heat  most  constant;  and  consistent 
loads  obtain,  as  in  irrigation  work,  necessary  for  the  long,  dry  sea- 
sons in  the  arid  and  torrid  zones. 

MECHANICAL   STATUS 

Tendencies  in  American  practice  lean  decidedly  toward  maxi- 
mum simplicity  of  construction  which,  however,  is  restrained  to 
the  extent  of  not  prejudicing  efficiencies.  These  factors  contribute 
to  economy  in  manufacture  and  low  cost  of  operation  and  main- 
tenance. 

Reciprocating  Steam  Engines,  which  were  the  principal  source 
of  power  in  the  latter  half  of  the  nineteenth  century,  have  since 
given  way  to  the  more  economical  types, — the  turbine  and  the  gas 
engine,  which  became  commercial  products  a  short  time  before  the 
expiration  of  that  period.  It  is  usually  true  that  competition, 
created  by  a  new  invention,  inspires  or  compels  progress  and  devel- 
opment in  the  old  line  of  apparatus,  and  for  this  reason,  we  are 
about  to  experience  a  brief  renascent  period  of  the  piston  steam 
engine  through  the  introduction  of  the  Stumpf  and  the  Lentz  de- 
signs. The  prime  object  attempted  is  the  reduction  of  clearance 
and  condensation  losses.  The  straight-flow  principle  of  the  Stumpf 
engine,  having  exhaust  ports  located  at  the  center  of  the  cylinder 
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and  with  a  deep  piston  travelling  far  enough  to  uncover  the  ports 
the  proper  points  in  the  cycle,  has  much  to  commend  it.     Lentz 
npound  engines  are  "short  built,"  and  consequently  compact — 
one  head  only  between  the  high  and  low-pressure  cylinders,  dis- 
sing,  therefore,  with  one  gland.     Steam  passes  from  the  high 
the  low-pressure  cylinder  in  a  spiral  path  an  mini  the  outer  walls, 
which  i-  presumed  to  minimize  the  condensation  losses.     Reducing 
clearances  by  oblique  poppet   valves  located   in   the   cylinder  cor- 
ner:-,   represents    the    essential     features    of    the     Memming  en- 
gine,  which   is    also  a  recent    development.      I  hese   engines   have 
been   used   extensively   abroad,   but    in   this   country   are   at  pres- 
ent   limited    to   one   or   two    installations.       The   advent   of    these 
improvements  may  produce  a  renewed  lease  of  life,  where  this  type 
of  prime  n  over  favorably  holds  ground;  but  the  already  permanent 
invasion  of  the  steam  turbine,  accelerated  by  its  important  econo- 
mies in   investment  and  operation,   will   prevent  a  general   use  of 
this  improved  type  of  reciprocating  engine.     A  review  of  the  de- 
tails  of    these    engines     will     in    general     reveal     features    which 
the     American     engineer     has     shown     a     disposition     to     avoid. 
The    Stumpf    engine,    owing    to    the    length    of    piston  and  high 
initial    stresses,  must  employ  heavy   reciprocating  parts,   which,  at 
their    rated    speed,    exact    expensive    foundations,    and    obviously  a 
good  or  else  reinforced  hearing  soil,  or  rock.      Lentz  engines  are  in 
many  parts  difficult  of  access,  embody  elaborate  gear,  and  also  have 
heavy   reciprocating  parts;  and   the   Memming  type  is   so  unusual 
with  it-  oblique  valves,  that  it  necessitates  no  special  comment.     For 
»tive  cylinders,  they  bid  fair,  however,  to  introduce  a  better 
era.  and  this  may  apply  to  certain  classes  of  mill  work  where  the 
n  type  engine  is  used. 

A  composite  -team  power  equipment  has  appeared  within  the 
•  few  years  in  the  /■  omobile  type  of  construction,  conjoining 
boiler,  engine  and  condenser  into  an  a--emblcd  whole.  In  this  way 
the  high-pressure  cylinder  i-  lot  ated  in  the  -moke  flue  and  the  jacket 
of  the  low-pressure  cylinder  establishes  the  steam  dome  for  the 
boiler,  which  ier  with  the  use  of  high  superheats  and  internal 

furnace,  conduci  ard  vei  d  economics.     It  is  reported  that 

a  brake-horse-power  has  been  developed  on  about  one  pound  of  coal, 
paralleling  gas-engine  performani  e.  1  fere  we  ha\<-  another  example 
ertain  European  practice,  once  more  leading  in  the  use  of  very 
special  machinery,  inspired,  evidently,  by  condition-,  peculiar  to 
their  country.     It  remain  et,  an  open  question  if  such  appar- 
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atus  will  be  extensively  used  in  America,  its  seeming  efficiency  not- 
withstanding, for  the  reason  that  its  unusual  construction  must  be 
attended  by  a  high  order  of  skilled  operatives  so  that  heavy  repair 
expense  may  be  averted.  By  the  nature  of  its  construction  it 
should  be  limited  as  a  probability  to  600  horse-power  as  the  maxi- 
mum capacity  of  a  single  unit.  It  is  rather  extraordinary  that 
sizes  larger  than  this  should  be  built. 

Steam  Turbine  Work,  abroad  as  well  as  in  this  country,  has 
been  principally  characterized  by  the  policy  of  departing  from  fixed 
lines  of  design  and  introducing  into  the  turbine  the  action  and  re- 
action principles,  either  combined  or  separately  employed,  as  costs 
and  operating  factors  may  dictate.  Briefly,  the  result  has  been 
that  small  turbines  are  made  with  the  simple  impulse  wheel,  mod- 
erate capacities  use  reaction  blading,  and  large  units  embody  both 
impulse  and  Parsons  sections.  With  greater  experience  and  famil- 
iarity with  turbines,  the  reasons  for  the  distinct  uses  of  the  different 
methods  of  construction  are  constantly  becoming  more  evident,  be- 
ing a  very  natural  evolution.  The  application  of  the  steam  tur- 
bine to  various  services  has  become  very  marked  during  the  past 
few  years,  it  is  at  present  being  successfully  used  in  con- 
nection with  a  reduction  gear  with  direct-current  genera- 
tors, for  centrifugal  pump  drive,  and  also  for  rolling  mill 
work.  Marine  engineering  has  always  been  an  exceptionally  fa- 
vorable field  for  the  turbine,  and  its  development  for  this  service 
has  been  aided  in  no  small  degree  by  the  introduction  of  the  large 
reduction  gear.  One  of  the  most  striking  points  of  the  steam  tur- 
bine has  been  its  easy  adaptation  to  so  wide  a  range  of  capacities 
for  practical  purposes,  extending  from  sizes  of  less  than  one  kilo- 
watt to  the  powerful  unit  of  30000  kilowatts.  And  it  is  with  ample 
justification  that  authorities  on  the  subject  prophesy  that  single  tur- 
bines of  50000  kilowatts  will  soon  reach  a  point  of  realization. 

Again,  the  turbine  has  proven  itself  a  worthy  adjunct  to  pre- 
ceding types  of  equipment,  principally  the  steam  engine,  through  its 
ability  to  work  economically  in  low  pressure  ranges  entirely;  and 
this  same  qualification  may  open  up  an  important  field  for  the  tur- 
bine as  an  auxiliary  to  the  gas  engine  plant  in  the  utilization  of  waste 
heat.  While  installations  of  this  latter  character  have  been  contem- 
to  a  practical  test.  In  thus  combining  the  turbine  and  gas  engine 
plated  in  this  country,  it  is  only  in  Europe  that  they  have  been  put 
systems,  there  are  attractive  opportunities  for  saving  from  six  to 
twelve  percent  in  the  investment,  and  from  six  to  fifteen  percent 
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in  operating  expense.     Although  the  installation  of  the  low  pressure 
turbine  would  be  added  to  the  more  intricate  t;:ls  engine  layout,  it 
uld  not  introduce  complications,  or  a  complexity,  as  some  may 
er.     In  a  properly  designed  planl  each  of  these  component  parts 
uld  be  independent  of  the  other,  hut  at  the  same  time  interre- 
lated; and  if  so  dissociated  in  mind,  the  simplicity  of  operation  to. 
g   ined  by  means  of  the  waste  heat  turbine  will  he  plainly  evi- 
dent.    In  fact  such  measures  must  be  resorted  to  in  order  to  make 
the  position  of  the  gas  engine  tenable  where  widely  swinging  loads 
are  encountered.     Those  experienced  in  the  operation  and  mainten- 
ance of  the  lead  storage  batteries,  alone,  will  perceive  the  real  im- 
portance  of   such  a   "thermo-mechanical"   system   of   storage   and 
transformation  in  which  may  he  observed,  as  correlaries — 
I — Marked  simplicity  of  detail. 
2     Conservation  of  waste  heat  energy. 


Analogous  to  that  re- 
sulting from  the  use  of 
the  lead  storage  bat- 
tery. 


3 — Improved  operation  and  economy 

of  main  equipment. 
4 — Interruption  of  service  precluded 

i  in  its  implied  sense). 
5 — Exempt    from   disadvantages   peculiar   to   the   battery   sys- 
tem ;  viz. — 

a — Deterioration  of  lead  plates, 
b — Loss  of  energy  in  charging  and  discharging. 
6 — Low  initial  and  operating  cost,  compared  with  the  expense 

of  the  lead  battery. 
7 — Absence  of  booster  set  for  direct-current,   or  rotary  con- 
verter for  alternating-current  work  required  by  the  electric- 
storage  battery.* 
It  is,  therefore,  not  without  cogent  reasons  thai   the  character 
of  installation  is  presaged  to  early  assume  a  prominent  part  in  con- 
on  with  ga-  power  development. 

Combined  -team  engine-turbine  equipment  for  new  stations, 
however,  would  produce  no  material  advance  over  the  straight  tur- 
bine installation  due  to  the  great  saving  of  the  latter  type  in  invest- 
ment, oil,  labor,  and  maintenance. 

The  turbine  has  also  become  in  a  very  notable  way,  a  part  af 
the  power  house  auxiliary  equipment,  furnishing  power  for  the 
condenser,  and  the  boiler  feed  and  excitation  systems. 

♦It  be   noted   that  the   low-pn  «ure  turbine  is  not  simply  an   "in 

termediary"    like   the  r    or    rotary  CO  .  but  is  distinctly  a  prime 

-  in  itself,  which  at  the  same  time  allows  of  regulation  to  supply 
peak   demands  precisely  as  occurs  in  floating  the  battery   on   the  line. 
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Gas  Engines  have  gained  most  prominence  through  their  use 
in  the  iron  and  steel  mills.  Blast  furnace  gas  power  plants  have 
of  course,  been  more  striking,  owing  to  their  magnitude.  It  is 
patent  that  the  development  of  the  gas  engine  has  been  attended 
with  relatively  greater  troubles  than  most  other  types  of  prime 
movers,  but  the  difficulties  met  with  were  in  no  wise  insuperable  as 
the  status  of  blast  furnace  and  natural  gas  power  operation  exhibits. 
The  growing  satisfaction  with  the  service  of  the  gas  engine  may  be 
attributed,  in  part,  to  reinforcement  of  cylinder  castings,  simplifica- 
tion of  cylinder,  piston,  and  rod  construction,  better  packing  design 
and  the  general  adoption  of  throttling  governors.  Despite  early  ex- 
periences, the  gas  engine  built  and  installed  with  proper  provision  for 
the  service,  should  now  be  found  virtually  as  dependable  as  other 
power  machinery.  Considering  diversity  of  service,  the  gas  engine 
is  apparently  more  restricted  in  its  use,  and  is  also  fairly  limited 
as  to  the  power  which  may  be  produced  in  a  single  unit.  In  con- 
sequence, there  has  developed  on  the  part  of  some  manufacturers, 
a  disposition  to  increase  speeds.  This  step  should  be  taken  slowly 
and  deliberately  so  as  not  to  remove  the  conservatism  so  essential 
to  permanency  of  results.  High  speeds  have  been  used  in  steam 
engine  practice,  but  this  fact  should  not  be  employed  as  a  criterion 
in  gas  engine  work  wherein  the  operating  factors  are  so  different 
and  the  weight  of  parts  and  maximum  pressures  and  temperatures 
within  the  cylinder  are  so  far  in  excess. 

While  gas  engines  of  the  twin  tandem  type  may  be  provided  in 
capacities  as  high  as  5  000  brake-horse-power,  little,  if  any,  demand 
will  arise  for  units  of  these  proportions,  especially  in  this  country. 
The  future  may  develop  some  improvements  which  will  ameliorate 
the  economic  disadvantages  of  the  high  power  gas  engines. 

Oil  Engines  have  progressed  slowly  in  this  country,  while 
abroad  they  appear  to  be  viewed  with  high  favor  in  some  districts. 
The  thermal  economy  of  the  oil  engine  has  been  manifest,  but,  up 
to  the  present  time,  the  excessive  repair  occasioned  by  the 
cylinders,  valves,  piston  rings,  etc.,  has  had  a  great  bane- 
ful effect,  and  consequently  dwarfed  the  development  of  the  oil 
engine.  Many  revisions  in  design  have  been  brought  about 
lately,  and  it  is  probable  that  this  will,  to  some  considerable  ex- 
tent revive  the  trade.  Similar  to  gas  engines,  however,  the 
oil  engine  is  restricted  in  size  and  will  be  confined  to  sta- 
tions of  moderate  or  small  capacity,  although  in  Germany  oil  en- 
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■  i  2500  brake-horse-power  now  exist,  [nasmuch  as  the  oil 
engine  prepares  the  fuel  in  itself  for  combustion,  (without  inter- 
mediate steps,)  it  establishes  a  unique  type  of  emergency  equipment 
in  -  I  the  failure  of  the  regular  power  supply  obtained  from 

other  sources.  In  some  eases,  <>n  the  other  hand,  it  may  be  consid- 
1  more  unique  than  important,  depending  of  course  upon  local 
litions  and  the  economic  factors  which  may  obtain. 


V   THERMAL  EFFICIENCIES  OF   MAIN*   UNITS 

<tal  heat  values  per  brake  horse-power.     Xo  allow- 
ance for  auxiliari 

EFFN  [EN<  V   OF    MAIN    UNITS 

The  superior  eft)  of  the  internal  combustion  engine  is  so 

evident  in  certain  range-,  that  a  statement  of  such  facts  seems  com- 
monplace and  hackneyed.  But  regarding  this  important  relation- 
ship in  the  abstract   may  cause  momentous  and  lamentable  blunders. 

An  effort  will,  therefore,  he  made  to  illustrate  wherein  this  general 
conception  is  susceptihle  to  illusion. 

( )i\  engines  lead  with  an  efficiency  of  30  to  33  percent  (full  load) 
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referred  to  the  shaft  horse-power.  Gas  engines  ordinarily  show 
about  23  to  26  percent  heat  efficiency  on  the  same  basis.  Steam  pis- 
ton engines  and  turbines  have  a  wide  range  of  thermal  efficiency, 
from  5  percent  or  less,  to  as  high  as  21  percent  on  brake-horse-power 
test.  Both  steam  motor  and  gas  engine  efficiencies  are  reckoned 
on  the  heat  in  the  steam  or  gas  delivered  to  the  throttle  valve,  and 
include  no  losses  due  to  the  boiler  and  the  producer  or  cleaning  ap- 
paratus where  these  are  used.  The  gas  engine  remains  more  uni- 
form in  efficiency  over  its  range  of  sizes  than  other  types,  and  may 
be  fairly  represented  by  a  typical  efficiency  curve,  Fig.  1. 

Oil  engine  economies  vary  in  a  small  degree  with  capacity, 
while  the  steam  motor  is  subject  to  wide  flunctuations.  The  oil 
engine  percentages  previously  given,  apply  to  normal  rated  capa- 
city, and  it  is  important  to  observe  that  the  fractional  load  con- 
sumptions are  in  no  wise  proportionate,  and  as  shown  in  Fig.  1, 
may  reverse  their  relative  value  from  the  fuel  standpoint.  Lack  of 
knowledge,  or  failure  to  heed  these  facts  and  other  modifying  con- 
ditions, have  proved  to  be  responsible  for  the  "misfit"  of  some  of 
these  types  of  power  machinery  for  circumscribed  requirements — 
plainly  retrogression  in  our  economic  affairs. 

It  is  also  incumbent  upon  the  engineer  to  contemplate  another 
condition  of  operation ;  viz.,  decline  in  efficiency  through  service. 
Changes  naturally  take  place  in  all  types,  but  are  more  marked  in 
some  than  in  others.  Piston  type  engines  with  corresponding  dup- 
licate admission  and  exhaust  valves,  evidently  experience  the  great- 
est losses  from  wear  and  inadjustment.  Stumpf  engines  are  de- 
signed to  partially  mitigate  these  conditions.  Turbines,  in  which 
rubbing  surfaces  and  tight  valve  seats  do  not  enter  the  economy 
question,  are  manifestly  subject  to  the  least  deterioration.  It  is 
not  to  be  implied  that  in  every  case  the  turbine  has  been  immune 
from  depreciation  in  use,  for  this  has  occurred  in  some  construc- 
tions due  to  faulty  materials  and  design;  and  again,  the  blades  and 
walls  of  the  turbine  have  been  seriously  affected  as  a  result  of  the 
quality  and  chemical  properties  of  the  steam.  However,  in  some 
of  the  most  prominent  examples,  practically  two,  of  erosive  and 
corrosive  action,  the  efficiency  of  the  turbine  decreased  but  seven 
to  ten  percent.  One  test  of  a  large  turbine  which  had  developed 
moderate  wall  erosion,  proved  that  the  machine  had  not  fallen  off 
in  efficiency  with  the  clearances  slightly  increased  over  the  ends  of 
the  rotating  blades,  it  being  properly  contended  that  a  free  passage 
was  thus  provided  for  the  flow  of  entrained  moisture  with  the  least 
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hydraulic  friction.  Steam  turbines  do  QOt  need  SO  constant  atten- 
tion in  order  to  maintain  a  good  state  of  repair  and  efficiency;  and 
inasmuch  as  no  appreciable  wear  has  been  reported  in  the  majority 
of  turbine  plants,  this  type  of  engine  should  he  charged  with  but  a 
small  '  actor",  if  any.     While  the  efficiency  of  the  piston  type 

ma}  istained  only  within  three  percent  of  it-  original  economy, 

it  is  more  likely  t"  suffer  impairment  of  m  t,)  25  percent,  according 
to  the  care  exercised  in  operation  and  upkeep. 

MPLEMENTAL    AND    AUXILIARY    EQUIPM] 

In  every  high  pressure  -tram  plant,  -team  generators  must,  of 
course,  he  provided.  There  are  many  low  pressure  turbine  power 
plant-,  however,  where  boilers  are  unnecessary  for  power  purposes; 
but  these,  of  course,  come  within  the  domain  of  special  applications. 
(  Ml  engine  plants, — with  the  exception  of  the  starting,  pumping  and 
excitation  apparatus,  are  virtually  self-contained.  The  gas  engine 
supply  i-  obtained  either  by  the  conversion  of  coal,  wood,  oil,  or 
kindred  fuel-,  into  a  gaseou>  product  in  a  producer;  or  on  the  other 
hand,  from  natural  resources,  or  the  recovery  of  waste  or  by-product 
gases  from  blast  furnaces  and  coke  ovens.  These  have  enabled  a 
wide  application  of  the  gas  engine,  amounting  to  over  75  percent  of 
the  total  gas  power  machinery  in-tailed.  This  outcome  is  entirely 
logical,  since  in  the  latter  case  conversion  losses  of  25  to  35  percent 
are  obviated.  <  in  this  vantage-ground,  larger  gas  engine  installa- 
tions have  been  justified  than  in  cases  where  producer  losses  appear. 

Boiler  efficiency  is  a  variable  quantity,  depending  upon  the 
fuel,  the  construction  of  the  furnace  and  grate-,  or  tuyeres,  and  the 
attendance    and    supervision.       As    high    as   80    percent   efficiency 

-lightly  above  may  be  obtained  under  test  with  a  gas- 
eous or  liquid  fuel,  but  in  regular  operation  much  lower 
efficiencies  obtain  with  these  same  fuel-.  60  to  75  per- 
cent, hinging  upon  cleanliness  of  the  fuel  (blasl  furnace  gas, 
for  example)  delivered  to  the  boiler.  Coal-fired  boiler  plants  do 
not  perform  quite  so  well,  ranging  from  about  76  percent  as  their 
highe-t    efficiency   ordinarily    (barring  ptional    tests),    in    the 

modern  metropolitan  plants,  to  -< ,  percent  in  the  smaller  isolated 
station-.  Fortunately  both  boiler-  and  producers  hold  up  fairly 
well  on  light  load-     in  either  within  about  ten  percent  of  the 

efficiency  at  rated  capacity  when  operating  on  quarter-load. 

If  the  plant  doe-  not  operate  continuously  at  full  capacity,  part 

the  equipment  is  cut  out  of  service  during  certain  hours  of  the 

day.  and  the  fires  must  be  kept  in  condition  for  quickly  responding 
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to  the  demands  for  steam  or  gas.  Thus  in  all  plants  hurning  or 
gasifying  coal,  a  certain  standby  !<>ss  is  experienced,  and  where 
equal  >kill  in  plant  operation  obtains,  the  amounts  in  each  type  of 
plant  compare  favorably.  The  power  required  to  operate  the  auxil- 
iary apparatus  must  be  deducted  next  from  the  combined  efficiency 
of  the  engine^  ami  boilers  and  producers.  In  the  gas  and  oil  engine 
plants,  the  auxiliary  heat  consumption  is  not  subject  to  much  varia- 
tion, whether  electric  motor  or  engine  drive  is  used,  and  a  typical 
percentage  is  7.5  percent  of  the  main  unit  full-load  value,  or  quan- 
tity, which  holds  quite  uniform  over  all  ranges  of  load  under  ordi- 
nary conditions  of  operation,  and  for  large  and  small  plants  as  well. 
(  >il  engine  auxiliaries  consume,  roughly,  15  percent  of  the  normal 
load  requirement,  of  which  ten  percent  is  demanded  by  the  air  com- 
pressor. As  there  is  more  latitude  possible  in  choosing  steam  plant 
auxiliaries,  there  will  consequently  be  found  a  wide  difference  in 
economy  realized  by  this  part  of  the  station  equipment.  Where  the 
engineer  is  successful  in  striking  off  a  good  heat  balance,  having 
all  auxiliary  exhaust  returned  to  the  boiler  feed  system  through 
the  feed  water  heater  and  the  feed  temperature  above  200 
deg.  F.,  the  increased  draft  on  the  coal  pile  produced  by  the 
auxiliaries  should  not,  in  the  small  plant  exceed  eight  percent  and 
in  the  large  plant  five  percent.  But  careless  designing  and  opera- 
tion may  easily  cause  these  percentages  to  be  doubled.  The  rela- 
tive requirements  of  the  auxiliaries  in  steam  plants  increase  less 
rapidly  than  in  other  types. 

There  is,  of  course,  a  small  allowance  for  radiation  to  be  in- 
cluded in  the  consumption  of  the  steam  plant  which  where  the 
piping  and  radiating  surfaces  are  sufficiently  protected  with  non- 
conducting lagging,  is  safely  covered  by  the  addition  of  one  per- 
cent. In  the  case  of  natural,  or  by-product  gases,  many  of  the 
losses  expressed  above,  are  of  course,  absent. 

The  high-speed  turbo-generator  possesses  lower  mechanical 
efficiencies  on  account  of  greater  windage  losses,  but  less  excitation 
current  is  demanded,  so  that  the  electrical  considerations  have  only 
a  light  bearing  upon  the  comparison. 

DISCREPANCY   AND  DEFICIENCY    LOSSES 

No  system  of  machinery  can  hope  to  escape  some  inevitable 
losses  which  do  not  readily  lend  themselves  to  mathematical  cal- 
culation ;  and,  therefore,  the  introduction  of  a  small  discrepancy  fac- 
tor becomes  expedient,  subject,  however,  to  discretional  analysis 
and  the  judgment  of  experience.  This  division,  therefore,  takes  care 
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of  '  directly  accounted  for,  such  as  the  blowing  down  of  the 

lers,  popping  off  steam,  cleaning  fires,  leakages,  etc.,  in  the  steam 
plant ;  purging  of  producer,  leakage  of  gas,  misfiring,  etc.,  in  the 
plant;  and  appreciable  fuel  leakage  in  the  oil  engine  system. 
Moreover,  there  are  also  losses  through  impairment  of  efficiency  to 
be  considered.  These  are  due  to  soot  deposits  oil  tuhes,  air  infil- 
tration through  cracked  settings  and  improperly  ventilated  fires  of 
the  boiler,  clinkering  and  channeling  of  fires  in  the  producer,  and 
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FIG.   2 — PLANT   INSTALLMENT  COSTS 

Xormal  rated  units,  including  buildings  and  foundations. 

poor  fuel  regulation  in  oil  engines.  In  the  steam,  gas,  and  oil  plants, 
they  may  be  empirically  expressed  in  the  ratio  of  5,  2,  and  1,  re- 
spectively, for  full-load  condition,  and  manifestly  become  more  pre- 
ponderant on  reduced  outputs. 

These  features  of  power  plant  operation  plainly  indicate  one  of 

the  most  important  duties  of  the  management,  to  prevent  excessive 

-es  through  such  causes;  and  a  rigid  policy  should  be  enforced 

minimize  these  losses  which,  if  not  guarded,  may  result  in  most 

unsatisfactory  economies. 
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COST  OF   INSTALLATIONS 

Through  constructional  requirements,  the  type  which  is  inher- 
ently the  most  efficient  becomes  the  most  costly  to  build  and  install. 
This  state  evidently  adds  further  complexity  to  the  problem,  but 
which  may  be  solved  by  extended  investigation. 

The  total  cost  of  the  different  types  of  power  plants  may  be 
affected  by  many  considerations,  such  as  the  individual  character  of 
plant  design;  the  efficiency  of  construction;  the  quality  of  materials 
and  equipment ;  the  degree  of  conservatism,  and  the  effect  of  lo- 
cation on  the  installation  expense.  Thus  the  personal  quality  and 
locality  largely  influence  the  unit  cost  of  the  undertaking,  and  con- 
sequently there  can  be  no  other  result  than  a  considerable  disparity 
between  the  aggregate  investment  of  stations  of  like  capacity  laid 
down  under  different  management  and  supervision.  With  full 
knowledge  of  these  facts,  the  author  shows  in  Fig.  2  some  propor- 
tionate curves  which,  in  the  main,  may  be  viewed  as  representative 
costs  per  unit  of  capacity  of  the  three  leading  types  of  installa- 
tions based  on  normal  ratings,  and  which  include  every  item  of 
expense  entailed  in  preparing  the  plants  for  regular  service. 

A  characteristic  feature  of  the  gas  plant  is  that  the  unit  cost 
steadily  decreases  until  two,  or  more,  2  000  kilowatt  units  are  reach- 
ed, when  the  investment  then  increases  directly  with  the  capacity 
installed.  But  with  the  steam  turbine  station,  the  kilowatt  or  horse- 
power cost  constantly  diminishes  with  size. 

It  will,  therefore,  be  seen  that  the  ratio  of  cost  of  steam  and 
gas  stations  constantly  grows  in  favor  of  the  former,  so  that  gas 
powe:<-  becomes  severely  handicapped  in  large  work  owing  to  the 
proportionately  greater  investment  burden.  And  unless  fuel  prices 
rise  materially  above  their  present  value  by  virtue  of  exhaustion 
of  fuel  sources,  or  conservation,  the  gas  engine  finds  limited  ap- 
plication in  the  large  station  class,  except  under  favorable  cir- 
cumstances where  the  fuel  exists  in  a  natural  gaseous  state  or  as  a 
by-product  gas. 

.Many  improvements  have  been  made  in  power  station  appara- 
tus with  the  last  few  years,  establishing  substantial  reduction  in 
cost.  In  most  cases  it  may  be  stated  that  with  the  present  build 
of  machinery,  the  situation  has  now  about  reached  the  low  level. 
With  the  increasing  competition  which  has  lately  presented  itself 
in  the  oil  engine  market,  the  cost  of  this  class  of  product  will  un- 
doubtedly be  much  reformed. 

The  disadvantage  of  high  first-cost  has  induced  an  effort  to  in- 
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crease  the  speed  ratings  of  the  gas  engine,  thereby  obtaining  higher 
.or  without  greater  cost,  or  the  same  capacity  with  a  design  less 
expensive  to  manufacture.  Any  improved  practice  which  finally 
realizes  an  economic  gain  is,  of  course,  an  advantage  to  the  art, 
but  one  should  act  guardedly  in  the  effort  to  secure  low  cost  of 
producing  power  in  order  not  to  introduce  operating  ills  by  over- 
reaching our  purpose.  It  is  true  that  single  acting-engines  have 
iked  very  successfully  at  high  speeds  with  connecting  rods  fairly 
loose  on  the  pins  owing  to  the  pressure  being  exerted  in  but  one 
direction.  A  double-acting  engine,  however,  precludes  similar  high 
speeds,  as  rotative  speeds  are  soon  reached  where  the  jar  due  to 
unavoidable  clearances,  and  especially  with  the  heavy  masses  in- 
volved in  the  reciprocating  parts  of  the  gas  engine,  would  become 
destructive,  entailing  not  necessarily  immediate  disaster,  but  high 
maintenance  cost. 

OVERLOAD  CAPACITY  AND  RESERVE  UNITS 

Comparative  station  cost  is  subject  to  another  factor  which  may 
easily  reverse  the  relative  advantages  of  the  types,  and  which  bears 
upon  the  intrinsic  character  of  the  load  and  the  quality  of  service 
to  be  supplied.  The  simplest  case  is  where  the  power  demand  is 
altogether  steady,  or  as  may  be  said,  where  an  absolutely  flat  load 
curve  obtains,  and  the  losses  in  event  of  enforced  shut-down  are  of 
no  great  moment.  Contrarily.  if  the  interruption  of  power  endan- 
gers the  operation  of  some  industry,  causes  serious  tie-ups,  or  cre- 
ates public  or  private  inconvenience  or  other  embarrassment  to  serv- 
ice, adequate  spare  equipment  must  be  provided  to  ensure  con- 
tinuity of  service.  This  reserve  proves  a  costly  premium  in  case 
expensive  apparatus,  and  naturally  suggests  the  combination  of 
different  types  in  important  stations. 

Widely  swinging  load  works  a  hardship  to  the  gas  engine,  as 
this  condition  mitigates  against  its  highest  efficiency  which  must  be 
sacrificed,  and  the  engine  operated  at  a  low  loading  due  to  its  limit- 
ed overload  capacity.  On  the  other  hand,  the  steam  turbine  can  de- 
velop generous  over-loads,  and,  therefore,  may  normally  be  worked 
at  its  mo-t  economical  rating. 

Again,  the  disadvantage  of  small  marginal  over-loads  will  be 
felt  by  the  gas  engine  where  the  load  is  characterized  by  peaks  oc- 
curring at  different  periods  of  the  day.  The  losses  to  be  endured  by 
a  plant  equipped  entirely  with  gas  engines,  due  to  cutting  in  and 
out  of  units  to  accommodate  the  load,  will  he  considerable  in  order 
to  avoid  dangerous  overloading.  These  considerations  raise  the  ratio 
of  cost  of  the  steam  and  gas  types  over  that  shown  in  Fig.  2. 
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LOAD  FACTOR  AND  STATION  FACTOR 

Misleading  ideas  are  frequently  obtained  by  confusion  of 
what  is  known  as  "load  factor"  and  what  may  be  termed  the  "sta- 
tion factor."  What  is  meant  in  the  first  case,  is  the  ratio  of  the 
average  load  to  the  maximum  demand,  and  in  the  second,  the  ratio 
of  average  load  to  total  station  capacity  which,  in  referring  to  the 
ultimate  cost  of  generation,  embraces  the  investment.  It  might  be 
reasoned  that  the  first  designation  would  be  the  more  fitting  to  em- 
ploy generally,  and  it  does  serve  sufficiently  where  operating  ex- 
pense only  is  concerned.  For  gauging  total  cost,  it  is  believed  that 
station  factor  is  the  preferable  expression;  but,  in  any  case,  the 
plant  description  should  include  all  consideration  which  had  had 
an  influence  on  the  extent  of  investment. 

The  effect  of  different  degrees  of  loading  on  the  plant  has  for 
some  time  been  so  well  covered,  that  the  majority  of  those  engaged 
in  power  business,  or  users  of  power,  recognize  the  value  of  high 
load  factors.  The  discussion  of  this  subject  has  been  confined 
mostly  to  a  single  system,  with  exceptions,  of  course,  as  in  papers 
by  Mr.  H.  G.  Stott  and  other  leading  engineers.  It  is  believed  that 
this  phase  of  the  subject  is  worthy  of  special  emphasis,  particularly 
in  the  comparison  of  different  types  of  equipment,  and  the  author, 
therefore,  presents  a  family  of  equality  curves  in  Fig.  3,  which  best 
illuminates  the  effect  of  different  station  or  capacity  factors.  These 
curves  essentially  obtain  for  specific  conditions,  and  from  the  afore- 
going, would  obviously  be  modified  by  different  working  and  labor 
conditions,  cost  and  interest  charges.  It  points  very  clearly  to  the 
limiting  boundary  of  the  present  gas  engine  field  with  existing  fuel 
values,  and  likewise  that  of  the  oil  engine,  even  with  the  assumed 
conditions  favoring  the  gas  and  oil  equipments. 

Many  may  have  wondered  why  the  internal  combustion  en- 
gine did  not  become  more  popular  in  the  large  station,  and  here  is 
the  answer.  In  some  cases,  as  has  been  stated,  it  has  been  found 
more  fashionable  than  economical.  It  is  to  be  remembered  that 
these  remarks  apply  only  to  large  capacities,  and  low  fuel  prices. 
When  the  conditions  change,  the  utility  of  the  gas  plant  assumes 
a  different  and  more  important  aspect. 

FUEL  SUPPLY 

From  what  has  preceded,  it  is  plaintly  evident  that  the  fuel 
item  is  a  significant  factor,  and  as  it  is  variable  throughout  the 
country,  each  section  suggests  the  adoption  of  the  type  of  power 
plant  best  suited  to  its  conditions.     The  study  of  the  relationship 
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FIG.    3 — PROPORTIONATE    EQUALITY   CURVES 

Showing  balance  1  I  costs  of  generation  in  gas 

am  plants  with  variable  fuel  prices  and  Load 
fact 

Territory  above  curve-,  favors  the  gas  engine; 
below,  the  steam  turbine  plan'  more  econom- 

ical, on  general  conditions  in  the  text. 

Fuel  values: — 

Bituminous  coal    I3000b.t.u. 

Natural    gas    07.sb.lu. 

Blast  furnace  gas   80  b.t.u. 


uenced  by  the  general   strike  of    1903. 
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The  policy  of  conservation  may,  in  the  curly  future,  he  felt  in 
the  coal  market,  and.  with  the  annual  tonnage  under  regulation, 
there  will  he  a  further  tendency  toward  a  rise  in  prices. 

Oil  is  now  being  produced  in  large  quantities,  principally  in 
the  Southwest.  This,  of  course,  creates  a  cheap  fuel  for  the  oil 
engine,  but  there  remains  some  question  as  to  the  stability  of  these 
low  prices  when  we  consider  the  many  valuable  uses  to  which 
this  mineral  may  be  applied,  such  as  heating  furnaces  (owing  to 
the  high  temperatures  attainable),  and  generally,  for  industrial, 
chemical  and  medicinal  purposes. 

By-product  gases  are  least  affected  by  market  conditions ;  how- 
ever, they  are  frequently  valued  accordingly.  The  natural  gas 
sources  being  limited,  will  tend  to  raise  the  cost  of  this  fuel. 

LABOR  ELEMENT 

Wages  become  from  19  to  13  percent  of  the  total  power  plant 
charge  in  the  steam  plant,  and  from  23  to  20  percent  in  the  gas 
producer  plant  when  considering  the  charges  at  50  percent  plant 
load  factor,  with  fuel  at  $2.50  per  ton.  Gas  plants  without  pro- 
ducers, and  the  oil  engine,  consume  about  20  to  13  percent  of  the 
total  expense  for  labor  under  the  same  conditions.  These  percent- 
ages obviously  bear  no  relation  to  one  another,  as  they  are  based 
on  different  total  quantities.  But,  in  general,  the  labor  cost  in  the 
producer  plant  is  one  and  one-half  to  two  times  that  of  a  steam 
station,  depending  upon  the  size  and  number  of  units  installed. 
Where  producers  are  not  required,  the  labor  is  practically  equal, 
and.  in  small  one-unit  plants,  may  be  less. 

The  apportionment  of  labor  and  wages  in  both  steam  and  in- 
ternal combustion  engine  plants,  must  be  undertaken  with  a  broad 
and  liberal  view  to  properly  keep  up  the  plant,  thus  safeguarding 
the  reliability  and  continuity  of  service.  It  may  be  well  to  observe 
that,  although  it  is  more  often  the  case  that  a  greater  number  of 
men  are  employed  than  is  necessary  to  obtain  these  results,  it  is 
not  unusual  that  the  management,  in  its  endeavor  to  cut  the  ex- 
pense to  the  lowest  attainable  point  in  the  matter  of  labor,  do  so 
to  the  detriment  of  the  service  and  the  life  of  the  machinery,  and 
in  making  comparison,  it  should  properly  be  determined  by  such 
a  course. 

One  of  the  chief  elements  entering  into  the  labor  charge  of  a 
plant,  is  the  length  of  the  shifts  on  which  the  men  work.  For  small 
plants,  the  shorter  shift  is  evidently  not  expedient  as  the  men  have 
'ess  to  do  and  have  less  responsibility.     The  labor  costs  in  small 
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plant-  more  important  factor,  and  to  change  the  force  from 

two  to  three  shift-,  means  an  addition  of  50  percent  to  the  labor 
charge,  which  no  small  plant  could  afford.  With  larger  plants  of 
4000  ki!«»watt  capacity  and  above,  the  labor  charge  is  not  as  large 

compared  with  the  total  operating  charge,  and  since  a  large  num- 
ber oi  men  are  employed,  their  duties  can  be  more  definite,  giving 
them  as  much  or  more  work  to  do  in  eight  hours  as  a  man  would 
be  required  to  do  in  a  small  plant  in  twelve  hours.  If  they  are 
called  upon  to  do  this  work  for  twelve  hours,  it  will  soon  be  found 
that  it  will  not  be  done,  and  therefore  it  becomes  a  question  of 
either  employing  more  men  on  twelve-hour  shifts  or  a  change  to  an 
eight-hour  shift.  There  are  many  advantage  in  the  shorter  shift, 
such  as  better  satisfied  men,  and,  consequently,  more  conscientious 

rk  and  a  better  maintained  plant.  Also  the  men  are  available 
for  overtime  work  in  case  of  an  emergency. 

Owing  to  its  greater  size,  more  complex  system,  larger  num- 
ber of  parts  with  unavoidable  wear  and  readjustment  necessary, 
the  gas  and  oil  engine  plants  require  a  larger  labor  force  than 
does  the  turbine.  For  these  reasons  the  salaries  of  the  chief  engi- 
neer and  his  assistants  should  be  slightly  higher  in  gas  or  oil  plants 
than  for  the  steam  turbine.  Otherwise  the  rate  of  pay  should 
correspond. 

The  compensation  of  the  working  class  has  been  steadily  in- 
creasing as  the  following  tabulation  of  average  wages  paid  un- 
skilled labor,  proves. 

i860      (assumed  unity)  . 1.00") 

1870  1.83  I     , 

to  1.27  f 

1^90  1.42  J 

1900    1.75  '    + 

1910    2.00  1 

The  disproportionate  wages  paid  labor  in  1870  was  occasioned 
by  an  increase  in  one  branch  of  labor  which  was  not  only  excep- 
tional from  the  advance  in  pay,  but  also  from  the  percentage  of 
men  engaged.  Mechanics  and  operators  have,  it  is  understood,  re- 
ceived corresponding,  or  possibly  greater  increments  of  wages. 
These  abstract  facts  indicate  that  there  is  a  small  rise  in  labor  with 
time,  and  such  statements  regarding  the  labor  and  fuel  situation  are 
made  merely  that  it  may  assist  not  only  in  adopting  the  different 


•Wages  of  Unskilled  Labor,  by  Edith  Abbott,  Journal  of  Political  Econ- 

'    XIII,  Xo.  3. 
+Pay  roll  statistics  furnished  by  W.  J    Boston. 
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types  of  equipment  to  our  present  needs,  but  moreover  ensure  its 
material  economy  throughout  its  period  of  useful  life. 

OIL,  WASTE  AND  MISCELLANEOUS  SUPPLIES 

The  expense  occurring  under  this  classification  under  normal 

conditions,  appears  as  a  small  portion  of  the  whole,  say  two  to  six 
percent.  It  is  fitting  and  necessary  in  any  comparison  or  estimate, 
to  calculate  their  sum.  The  author,  fortunately  for  the  sake  of 
simplicity,  has  found  that  it  works  out  to  be  20  percent  of  the 
labor  charge  in  the  plant  of  t:eo  or  more  units.  There  are  naturally 
some  very  wide  variations  (10  to  60  percent)  obtaining  in  special 
cases,  due  to  peculiar  local  or  personal  factors  and  the  quality  of 
these  stores;  and  this  will  be  particularly  true  in  a  one  unit  turbine 
plant  where  economy  in  labor  cannot  well  be  secured  and  this  item 
may  become  ten  percent  or  less  of  the  labor  charge.  But  the  value 
of  20  percent  of  the  labor,  as  referred  to,  serves  very  satisfactorily 
as  an  average.  Good  water,  if  not  abundant,  increases  this  ac- 
count, and  any  expense  necessitated  should  be  included. 

REPAIRS   AND   MAINTENANCE 

The  charge  for  repairs  and  maintenance  may  become  quite 
variable,  and  is  as  much  a  subject  of  good  and  efficient  manage- 
ment in  maintaining  the  equipment,  as  a  question  of  high  grade 
apparatus.  The  character  of  the  working,  and  also  the  age  of  the 
plant  have  a  dual  bearing  on  operation.  The  repair  costs  of  a 
number  of  turbine  and  gas  engine  plants  were  investigated  as  far 
as  possible,  and  a  large  element  of  judgment  had  to  be  applied  to 
give  proper  weight  to  the  different  reports,  to  allow  for  the  pe- 
culiar local  conditions,  the  personal  equation  and  material  ef- 
ficiency. The  repair  and  maintenance  charges  from  a  series  of 
analyses  of  actual  reports,  seem  to  justify  the  following  arbitrary 
rates : — 

Turbine  Systems — 1.75  percent  at  100  percent  load  factor,  to  1.37  at 

25  percent  load  factor,  of  the  original  cost  of  the  completr  pi 
Gas  and  Oil  Engine  Systems — 2.25  percent,  at   100  percent  load 

factor  to   1.8  percent,  at  25  percent  load  factor,  of  the  original 
cost  of  the  complete  plant. 
Since  the  gas  engine  costs  so  much  more  than  the  turbine  in 

the  first  place,  this  charge  is  evidently  much  greater  for  the  gas 

engine  than  these  percentages  indicate. 

PROFITS  AND  PROTECTION   OF  INVESTED   MONEY 

Every  power  plant  installation  should  be  carefully  scrutinized 
as  to  its  interest  earning  capacity,  even  though  it  may  only  be  sup- 
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plementary  to  some  important  manufactory  or  industry.     Obvious- 
Ivency  and  prosperity  of  the  public  utility  company  centers 
about  aerating  station.     The  underlying  thought,  then,  is  that 

all   factors  which  secure  and  make  the  investment  profitable  at  all 
periods  of  its  life,  should  be  judiciously  regarded.     These  embrace 
extraneous  costs    in    development,    interest,    sinking    fund    for    de- 
lation and  supercession,  administration  and  legal  expense. 

CONCLUSIONS 

It  has  only  been  possible  in  this  paper  to  differentiate  the  ele- 
ment-; of  these  subjects  in  a  very  general  way.  There -is,  notwith- 
standing, a  need  for  broadly  summarizing  the  power  situation  owing 
to  the  uncertainty  of  the  fields  of  greatest  usefulness  of  the  different 
designs  of  power  machinery.  The  suggestion  is  also  proffered 
that  the  engineer  enter  the  problems  searchingly  from  every  angle, 
mechanically  and  commercially.  And,  moreover,  where  the  pri- 
mary loading  is  low,  to  institute  campaigns  for,  or  urge  the  sale 
of  power  for  uses  which  would  work  in  well  with  the  original  de- 
mand, such  as  electrical  fixation  of  nitrogen,  electrical  steel  refining, 
aluminum  reduction,  manufacture  of  caustic  soda  and  chlorine,  elec- 
lytic  bleaching,  and  pumping  and  sterilization  of  water.  If  lo- 
cated favorably,  copper  refining,  irrigation  and  reclamation  pumping 
may  be  supplied.  In  strictly  public  utility  service,  railway,  lighting 
and  ice  plant-,  the  loads  continue  when  depression  may  be  experi- 
enced in  the  industrial  market.  The  filling  up  of  gaps  or  valleys  in 
the  load  curve  is  the  slogan  of  every  central  station  manager. 

Then,  in  a  general  way,  it  may  be  concluded  that  in  small  ca- 
pacities with  high  coal  cost  and  no  other  requirement  than  power, 
the  gas  engine  should  ordinarily  prevail,  the  oil  engine  sharing 
where  the  price  of  oil  may  introduce  this  competition.  Large  sta- 
-  should  contain  steam  equipment  unless  there  be  fortuitous 
nditions,  as  available  ga«  and  a  small  number  of  units  which  may 
rule  differently. 


IMPROVEMENTS  IN   MARINE  TURBINE 
REDUCTION  GEAR 

H.  E.   LONGWELL 

UNTIL  recently,  there  have  been  but  few  attempts  to  construct 
gearing  for  the  transmission  of  large  powers  at  unusually  high 
tooth  speeds.  The  importance  of  a  system  of  noiseless  gearing 
to  be  interposed  between  a  high  speed  turbine  and  the  screw  shaft  of 
a  vessel  involving  the  transmission  of  many  thousands  of  horse- 
power, has  made  the  attainment  of  this  object  an  exceedingly  at- 
tractive field  of  investigation.  The  most  serious  problem  con- 
fronting the  designer  of  such  a  system  of  gearing  has  been  the 
development  of  a  mechanism  to  insure  an  elastic,  uniformly  dis- 
tributed tooth  pressure  between  gear  and  pinion,  to  avoid  the  con- 
centration of  an  excessive  tooth  pressure  at  any  single  point  of  the 
working  face,  which  would  result  in  rapid  deterioration  and  ultimate 
destruction  of  the  teeth.  This  problem — which  is  by  no  means  an 
easy  one — has  been  effectively  and  interestingly  solved  in  the 
Westinghouse  marine  turbine  reduction  gear. 

A  perspective  view,  partly  in  section,  of  one  of  the  gears 
installed  on  the  U.  S.  S.  "Neptune,"  is  shown  in  Fig.  i.  Each 
gear  transmits  approximately  4000  horse-power  at  a  speed  of  1250 
r.  p.  m.  for  the  pinion  shaft,  and  about  130  r.  p.  m.  for  the  low- 
speed  or  driven  shaft.  Naturally,  double  helical  gears  are  used  on 
account  of  the  quiet  running  qualities  of  this  type,  and  the  fact 
that  the  opposing  helices  automatically  balance  the  end  thrust.  The 
low-speed  gear  shaft  rests  in  bearings  seated  in  the  main  casing,  and 
up  to  this  point  the  design  is  fairly  conventional. 

The  essential  and  distinctively  novel  feature  of  this  design 
is  the  hydraulically  supported  frame  which  carries  the  pinion  shaft 
and  its  bearings,  and  by  virtue  of  which  the  pinion  shaft  is  self- 
aligning,  responding  instantly  to  the  smallest  unbalancing  of  the 
tooth  pressure.  This  method  of  suspending  the  pinion  bearing 
frame  not  only  insures  the  most  perfect  balancing  of  tooth 
pressures,  but  the  fluid  cushion  interposed  between  the  pinion  shaft 
and  the  main  casing  of  the  gear  silences  in  a  large  measure  the 
noise  usually  associated  with  the  operation  of  high-speed  toothed 
gearing,  and  prevents  all  shock  or  jar  from  the  rapid  contacting 
of  the  teeth.     After  a  considerable  period  of  operation,  the  gea- 
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th  take  on  an  excellenl  polish  and  show  no  signs  of  pitting  or 

other  deterioration   that    usually   accompanies   hard   ami   continuous 
service. 


FIG.    I — PERSPECTIVE   VIEW,   PARTLY    IN    SEC:   ON,  01'   MARINE 
REDU(  1  l"\    GEAR 

With   supporting  cylinders   above   ami   beneath    pinion   for 

reversing  operation. 

The  action  of  this  hydraulically  supported  frame  may  he  more 
easily  understood  by  first  inspecting  Fig.  2,  which  is  a  purely 
diagrammatic  section  stripped  of  all  mechanical  detail  that  might 
be  confusing,  and  which  illustrates  the  simple  elemental  principles 
the  design.  Fully  elaborated  detail  sections  are  shown  in  Figs. 
3  and  4.  and  the  symbols  used  in  the  description  refer  to  the  same 
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FIG.   2 — DETAIL  SHOWING   PRINCIPLE  OF  OPERATION 

parts  in  all  of  the  illustrations.  Referring  to  Fig.  2,  A  represents 
the  frame  carrying  the  hearings  of  the  pinion  shaft,  I)  is  a  portion 
of  the  main  casing,  and  £  is  a  rigid  strut  or  beam  secured  to  the 
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main  casing  by  means  of  a  series  of  steel  columns.  It  will  be  noted 
that  A  does  n'ot  tit  closely  between  the  parallel  faces  of  D  and  E, 
but  has  freedom  for  a  slight  upward  and  downward  movement.  On 
the  upper  and  lower  surfaces  of  .  /.  are  three  circular  pads  bored  out 

to  form  shallow  cylinders  in  which  are  fitted  short  pistons  C.  I  in- 
dicates a  passage  or  port,  which  communicates  with  the  three  shal- 
low cylinders  on  the  lower  side  of  the  frame  ./,  and  2  indicates  a 
similar  port  communicating  with  the  corresponding  cylinders  on 
the  top  side  of  A. 

When  the  gear  is  working,  the  reaction  on  the  pinion  teeth  will 


FIG.  3 — SECTION  THROUGH  MIDDLE  BEARING  OF  PINION,  FLOATING  FRAMK. 
OPERATING  ARM  AND  VALVES  CONTROLLING  OIL  ADMISSION  TO  HYDRAULIC 
CYLINDERS 

tend  to  force  the  frame  .4  against  the  casing  I)  or  the  beam  E, 
depending  on  the  direction  of  rotation.  If  the  reaction  on  the 
pinion  teeth  tends  to  force  the  frame  A  downward  against  D, 
then  if  oil  or  other  suitable  fluid  under  sufficient  pressure  be  intro- 
duced at  1,  it  will  lie  readily  seen  that  the  frame  A  will  be  lifted 
clear  of  the  casing,  and  will  actually  float  on  the  fluid  in  the  cyl- 
inders. Similarly,  if  the  direction  of  rotation  is  reversed  so  that 
the  tendency  is  to  force  the  frame  A  against  the  beam  E,  the  intro- 
duction of  fluid  under  pressure  at  2,  will  prevent  the  frame  A  from 
coming  in  actual  metallic  contact  with  E.     Since  all  three  cylinders 


:- 
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the  set  tliat  may  be  in  action  are  connected  to  the  same  source 
of  fluid  supply,  the  slightest  difference  in  booth  pressure  on  either 
side  of  the  middle  point  of  the  pinion  shaft  1:  will  cause  the  frame 
A  to  yield  at  the  point  where  the  pressure  is  unduly  high.  In  thus 
yielding,  the  excess  pressure  is  relieved,  and  automatically  trans- 
ferred to  the  point  in  the  working  face  of  the  pinion  at  which  the 
tooth  pressure  was,  at  the  instant,  below  normal. 

The   broad   underlying  principle   of   the   design   is,   therefore, 


FIG.    4 — SECTION    THROUGH    OPERATING    ARM    B    AND    VALVES    ADMIT- 
TING  TO   UPPER   AND  LOWER   CYLINDERS 

the  supporting  of  the  pinion  shaft  in  a  frame  which  literally  floats 
on  oil,  and  which  has  no  metallic  or  other  rigid  connection  to  the 
main  casing.  The  practical  application  of  this  principle  involves 
the  accurate  and  automatic  regulation  of  the  fluid  pressure  in  ac- 
cordance with  the  load  on  the  gear.  The  means  by  which  this  is 
accomplished  will  be  understood  from  a  study  of  the  actual  detail 
sections,  Figs.  3  and  4.  Fig.  3  is  a  section  through  the  floating 
frame  at  the  middle  bearing.  The  frame  is  split  in  a  horizontal 
plane  for  convenience  in  removing  or  inserting  the  shaft  and  bear- 
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ings.  1  and  2  are  the  longitudinal  oil  passages  communicating 
with  the  supporting  cylinders,  and  6  is  a  duct  which  conveys 
lubricating  oil  at  low  pressure  throughout  the  length  of  the  pinion 
frame  and  distributes  it  by  means  of  side  outlets,  to  the  bearings, 
and  to  the  pinions.  B  is  an  arm  which  projects  into  the  valve  box 
G,  and  which  contains  passages  communicating  with  1  and  2.  H 
is  a  link  which  hinges  the  frame  A  to  the  casing  D  so  that  the  slight 
vertical  motion  of  the  frame  is  multiplied  at  the  end  of  the  arm  B 
which  controls  the  oil  valves. 

For  many  years  it  has  been  known  in  a  general  way  that  if 
oil  be  fed  to  a  rotating  journal  at  the  point  of  minimum  pressure, 
it  will  be  carried  by  the  journal  to  the  point  of  maximum  pressure, 
and  if  a  means  of  egress  is  provided,  the  oil  may  be  discharged 


FIG.  5 — STATIONARY  TYPE  OF  GEAR  WITH  COVERING  RE- 
MOVED, SHOWING  FLEXIBLE  TURBINE  COUPLING  TO  THE 
LEFT 

against  a  pressure  substantially  equal  to  the  maximum  bearing 
pressure.  Heretofore,  practically  nothing  has  been  known,  how- 
ever, regarding  the  quantity  of  oil  that  might  be  pumped  through 
a  properly  designed  bearing. 

In  the  development  of  this  gear,  it  was  found  that  by  suitably 
proportioning  the  bearings  and  supporting  pistons,  the  former  could 
pump  all  of  the  oil  required  for  floating  the  pinion  frame.  Refer- 
ring to  the  section  through  the  bearing,  as  shown  in  Fig.  3,  it  will 
be  seen  that  there  are  small  passages  connecting  the  top  and  bottom 
of  the  bearing  with  the  upper  and  lower  cylinders  respectively.  The 
bearings  draw  in  oil  from  the  lubricating  system,  and  discharge  it 
through  the  check  valves  L  into  the  supporting  cylinders,  and  were 
it  not  for  the  automatic  regulating  mechanism  in  the  valve  box  G, 
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would  build  up  a  pressure  considerably  greater  than  is  required 

keep  the  pinion  bearing  frame  floating  in  its  normal  position. 

A  cross  section  on  a  larger  scale  through  the  valve  box  G  is 

shown  in  Fig.  4.     If  the  direction  of  rotation  of  the  pinion  is  such 

to  bring  the  lower  set  of  balancing  cylinders  in  action,  the  excess 

pressure  will  tend  to  raise  the  arm  B  slightly,  and  as  the  ring  valve 

A"  cannot    follow   it  on  account  of  coming  up  against  a  shoulder, 

the  surplus  oil  will  escape  into  the  valve  box. 

Referring  back  to  Fig.  3,  J  is  a  floating  packing  which  prevents 
the  overflow  oil  from  spilling  directly  back  into  the  main  casing, 
and  compels  it  to  run  off  through  the  drain  pipe  K.  This  pipe 
discharges  into  an  open  funnel,  and  the  constant  overflow  of  oil 
is  an  unfailing  indication  that  the  gear  is  functioning  properly. 
From  this  funnel  the  oil  may  be  returned  to  the  main  casing  to 
be  circulated  again  through  the  lubricating  system.     When  starting, 

it  may  be  desirable,  though  not  absolutelv 
necessary,  to  supply  the  oil  to  the  support- 
ing cylinders  from  an  outside  pressure 
source,  until  the  gear  attains  the  normal 
speed,  and  the  pumping  action  of  the  bear- 
ings is  fully  established. 

In     Fig.    4    oil     from    such    an    out- 
-sectiox  thbough     side     pressure     may      be      introduced      at 

FLOATING      FRAME      AND        -        an(J        j      j        fc  thfi  (]        J 

PINION  J  .  '   ' 

valves  as  indicated.  If  the  direction 
of  rotation  of  the  pinion  is  such  as  to  depress  the  frame, 
the  arm  B  depresses  the  ring  valve  N,  and  the  conical  valve 
M,  pushing  the  latter  from  its  seat.  The  stem  of  the  valve  .1/  is 
hollow,  as  shown  in  the  section  through  the  upper  valve.  When 
the  valve  M  is  opened,  the  oil  passes  through  the  hollow  stem,  as 
is  clearly  shown,  into  the  lower  circular  port  in  I!,  and  thence  to 
the  passage  1  (Fig.  3)  which  conneots  with  the  lower  set  of  cyl- 
inders, and  is  prevented  by  the  check  valves  L  from  escaping  into 
the  bearing-.  When  the  balancing  pressure  ha-  been  attained,  B 
rises  to  its  neutral  position,  allowing  M  to  seat  and  prevent  further 
entrance  of  oil.  If.  by  reason  of  a  reduction  of  the  load,  the  oil 
pre—ure  in  the  supporting  cylinder-  becomes  excessive,  B  rises 
slightly  above  its  neutral  position,  relieving  the  excess  pressure  in 
exactly  the  same  way  as  when  the  oil  i-  being  pumped  by  the  bear- 
ings. The  total  movement  of  B  for  adjusting  over  the  entire  range 
of  load  is  only  a  few  thousandths  of  an  inch.     When  the  direction 
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of  rotation  is  reversed,  the  operation  is  just  the  same,  except  that 
the  necessary  functions  are  performed  by  the  upper  valves  instead 
of  the  lower  ones. 

From  the  foregoing  description,  it  will  be  readily  seen  that  the 
oil  pressure  in  the  supporting  cylinders  is  always  exactly  in  pro- 
portion to  the  torque  that  is  being  transmitted.  By  virtue  of  this 
fact,  a  simple  pressure  gauge  connected  inside  of  the  valve  M  will, 
if  the  speed  in  revolutions  per  minute  be  known,  indicate  the  in- 
stantaneous load  on  the  gear,  so  that  the  W'cstinghouse  reduction 
gear  is  not  only  an  efficient  transmission  device,  but  a  most  ac- 
curate and  sensitive  dynamometer  as  well. 

The  connections  to  the  pressure  gauges  are  indicated  at  4  and 
5  (Fig.  4).  If  recording  gauges  are  used  instead  of  simple  indi- 
cating gauges,  and  a  graphic  speed  recorder  is  connected  to  the  gear, 


FIG.   7 — LATEST  TYPE  OF  GEARED  TURBO-GEKERATOR  UNIT 

the  charts  from  these  instruments  would  constitute  a  continuous 
log  of  the  power  transmitted.  The  pressure  gauges  may  be  located 
in  any  convenient  position,  and  as  far  away  from  the  gear  itself 
as  may  be  desired.  The  direction  of  rotation  is  always  evident 
from  an  observation  of  which  of  the  two  gauges  is  indicating 
pressure  at  the  time. 

If  the  gauges  were  placed  at  any  considerable  height  above 
the  gear,  their  indications  would  have  to  be  corrected  for  the 
hydrostatic  head  of  the  oil  column.  Furthermore,  if  the  gauges  were 
located  at  a  great  distance  from  the  gear,  there  might  be  some 
annoyance  from  leakage,  solidification  or  air  pockets  in  the  oil 
piping.  For  long  distance  indications,  an  ingenious  little  device 
has  been  worked  out,  which  translates  the  oil  pressure  to  a  com- 
pressed air  supply,  which  may  be  conducted  to  the  pressure  gauges 


- 


THE  ELECTRIC  JOURNAL 


wherever  they  may  be  located.    This  translating  device  is  indicated 

by  (  >    |  Fig    3 

A    section    through  the  floating    frame    and    pinion.    Fig.    6, 
illr.  -    the    simple   way   in  which   the   lubrication   of   the   gear 

teeth  is  accomplished.  The  frame  encloses  the  pinion  except  for 
a  portion  of  the  circumference  where  the  teetli  engage  with  those  of 
the  large  gear.  From  the  passage  6,  lubricating  oil  passes  to  the 
pocket  in  which  the  pinion  is  located.  The  shape  of  this  pocket  is 
such  that  the  oil  cannot  run  out.  but  must  be  picked  up  by  the  teeth 
of  the  pinion.  The  oil,  when  picked  up  by  the  pinion,  is  thrown  off 
again  by  centrifugal    force,  but  owing  to  the  construction  of   the 


FIG.  8 — GEARED  CENTRIFUGAL  PUMPING  UNIT 

Homestead  Steel  Works,  Munhall,   Pa. 

frame,  it  can  escape  only  by  being  discharged  directly  into  the 
teeth  of  the  large  gears  just  at  the  point  of  engagement. 

In  Fig.  i  at  the  left  of  the  casing  is  shown  a  bracket  through 
the  upper  end  of  which  is  a  screw  adjusted  strut  bearing  against 
the  pinion  frame.  A  similar  bracket  and  strut — not  shown  in  the 
illustration — are  located  at  the  other  end  of  the  casing.  These 
struts  are  for  adjusting  and  maintaining  constant  the  depth  of  en- 
gagement of  the  gear  teeth.  They  do  not  interfere  with  the  move- 
ment of  the  pinion  frame  in  a  vertical  plane. 

In  order  to  obtain  a  flexible  drive  between  the  turbine  and  the 
gear,  and  at  the  same  time  to  keep  this  gear  in  close  proximity  to 
the  turbine,  the  pinion  shaft  is  made  hollow,  and  the  driving  shaft 
passes  freely  through  this  bore  and  is  connected  to  the  pinion  shaft 
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at  the  end  furthest  away  from  the  turbine.  This  is  an  old  and 
fairly  well  known  construction,  which  has  been  incorporated  on 
account  of  its  making  the  apparatus  more  compact,  and  not  because 

any  novelty  is  claimed  for  it. 

While  this  type  of  reduction  gear  was  originally  designed  for 
marine  propulsion,  in  order  to  harmonize  the  high  speed  which  is 
the  essential  characteristic  of  an  efficient  steam  turbine,  with  the 
comparatively  moderate  limiting  speed  for  an  efficient  propeller, 
its  adaptability  for  other  purposes  is  opening  up  a  field  even  broader 
than  the  one  primarily  contemplated. 

The  design  of  direct-current  generators  of  fairly  large  capaci- 
ties, to  operate  at  the  high  rotative  speeds  necessary  for  direct  con- 
nection to  efficient  steam  turbines,  has  always  presented  difficulties 
that  were  seemingly  ^insurmountable.  These  difficulties  have  all 
been  eliminated  by  interposing  the  reduction  gear  between  the  tur- 
bine and  the  dynamo,  so  that  each  element  of  the  combination  may 
operate  at  the  speed  for  which  it  is  best  adapted. 

Similarly,  centrifugal  pumps  for  large  capacities  at  moderate 
heads  are  not  at  all  suitable  for  direct  turbine  drive,  but  turbine  and 
pump  may  be  connected  through  the  reduction  gear,  constituting  a 
highly  efficient  and  attractive  unit. 

Naturally,  for  this  sort  of  service  in  which  the  direction  of 
rotation  is  never  reversed,  only  one  set  of  balancing  cylinders  and 
regulating  valves  is  required.  Figs.  7  and  8  illustrate  applications  to 
direct  current  generators  and  centrifugal  pumps.  These  are  only 
two  out  of  a  large  number  of  new  opportunities  for  the  steam  tur- 
bine that  will  present  themselves  as  soon  as  it  is  realized  that  the 
handicap  of  inherent  high  rotative  speed  can  be  removed  by  a 
thoroughly  reliable  and  durable  system  of  gearing  having  an  effiici- 
ency  of  over  98.5  per  cent  and  that  such  a  system  is  now  an  ac- 
complished fact. 

In  addition  to  the  two  4,000  horse-power  gears  installed  on 
the  U.  S.  S.  "Neptune,"  twelve  1,000  horse-power  and  2,000  horse- 
power sets  have  been  sold  for  driving  direct  current  generators  and 
for  other  purposes.  A  number  of  these  have  already  been  in  service 
for  some  months,  running  at  speeds  as  high  as  3,600  revolutions  per 
minute,  with  results  that  are  most  gratifying  in  every  particular. 


LOW  PRESSURE  TURBINES 
WHY  TO  USE,  WHEN  TO  I  SE  A XI)  HOW  TO  USE 

P    M.  LINCOLN 

Till'  use  of  low-pressure  turbines  in  connection  with  existing 
reciprocating  engine  plants  is  becoming  more  and  more 
general.  There  are  a  great  many  rases  where  the  installa- 
tion of  tliis  type  of  apparatus  has  proved  highly  successful  and 
there  are  a  great  many  more  plants  where  the  low  pressure  tur- 
bine can  be  installed  with  great  benefit  to  the  user.  It  is  the  inten- 
tion in  this  article  to  discuss  some  of  the  conditions  which  make  its 
installation  desirable,  as  well  as  the  reasons  why  such  an  installa- 
tion can  be  made  economically.  The  limited  space  available  will 
evidently  make  it  impossible  to  treat  of  all  the  cases  under  which* 
it  may  become  advisable  to  use  the  low  pressure  turbine.  There 
are  many  ways  in  which  steam  may  become  available  for  low  pres- 
sure turbine  work  and  many  ways  in  which  the  power  thus  made 
available  may  be  used.  Each  condition  of  steam  supply  may  be 
combined  with  any  of  the  methods  of  power  utilization,  making 
the  number  of  combinations  very  large.  This  article  will  deal  more 
with  the  methods  of  utilization  of  the  power  than  the  methods  of 
steam  supply. 

WHY   TO    USE 

The  fundamental  reason  for  the  use  of  the  low  pressure  tur- 
bine is  that  the  turbine  is,  in  general,  much  more  efficient  than 
any  other  type  of  prime  mover,  when  using  steam  at  low  pressure. 
A  reciprocating  steam  engine  can  utilize  steam  between  the  limits 
of  ordinary  boiler  pressures  and  atmospheric  pressure  as  efficiently 
as  a  turbine.  However,  in  the  use  of  steam  from  about  atmos- 
pheric pressure  to  that  maintained  in  the  condenser,  the  turbine 
is  a  very  much  more  efficient  machine  than  the  reciprocating  en- 
gine can  possibly  be.  This  higher  efficiency  is  inherent  and  is  due 
the  fact  that  the  turbine  allows  the  continual  expansion  of  the 
am  from  the  atmospheric  pressure  right  down  to  the  vacuum 
maintained  by  the  condenser,  while  the  reciprocating  engine,  to 
accompli -h  the  same  result,  would  have  to  have  low  pressure  cyl- 
inders of  so  large  a  volume  and  of  so  great  a  cost  that  efficient  ex- 
pansion down  to  the  condemer  pressure  becomes  out  of  the  ques- 
tion. Further,  the  fact  that  the  cylinder  walls  in  a  reciprocating 
engine  are  colder  than  the  compressed  steam  at  the  beginning  of 
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the  stroke  and  hotter  than  the  expanded  steam  at  the  end  of  the 
stroke  causes  partial  condensation  at  the  beginning  of  the  stroke 
and  partial  reevaporation  toward  the  end,  thereby  making  the  ex- 
pansion of  steam  to  the  vacuum  maintained  in  the  condenser  still 
more  difficult  than  would  otherwise  be  the  case. 

On  account  of  this  limitation  of  the  reciprocating  engine,  it 
has  been  the  practice  in  the  past  to  equip  reciprocating  engines 
with  condensers  which  would  only  maintain  a  vacuum  of  from  20 
to  25  inches.  When  using  turbines,  it  is  desirable  to  maintain  the 
highest  possible  vacuum  on  account  of  the  higher  economies  thus 
obtainable  and  it  is  customary  to  run  this  vacuum  as  high  as  the 
temperature  of  the  condensing  water  will  allow,  usually  up  to  28 
inches  and  sometimes  even  as  high  as  28.5  or  29  inches. 

To  indicate  in  a  rough  way  about  how  much  betterment  in 
economy  may  be  obtained  by  the  use  of  low  pressure  turbines,  the 
following   statements    may    be    taken    as    approximately    correct: — 

A  simple  Corliss  engine  running  non-condensing  will  have  a  full-load 
water  rate  of  approximately  35  lbs.  per  kw-hr. 

A  compound  engine  running  non-condensing  will  have  a  full-load 
water  rate  of  approximately  29  lbs.  per  kw-hr. 

A  compound  engine  running  condensing  will  have  a  full-load  water 
rate  of  approximately  21  lbs.  per  kw-hr. 

A  compound  engine  in  connection  with  a  low  pressure  turbine  will 
have  a  combined  full-load  water  rate  of  about  17  lbs.  per  kw-hr. 

The  above  figures  must  be  taken  as  approximate,  since  the 
actual  water  rates  depend  upon  size,  boiler  pressure,  superheat, 
vacuum,  etc.  However,  the  relative  values,  when  these  conditions 
are  fixed,  are  nearly  correct. 

The  advantages  of  using  a  low  pressure  turbine  may  be  better 
appreciated  when  one  considers  the  fact  that  in  the  perfect  steam 
engine  there  is  nearly  as  much  energy  available  in  a  given  amount 
of  steam  from  the  atmospheric  pressure  to  a  28  inch  vacuum  as 
there  is  in  the  same  amount  of  steam  from  boiler  pressure  to  at- 
mospheric pressure.  The  energy  available  to  any  steam  engine  is 
roughly  proportional  to  the  range  of  the  temperature  through 
which  the  steam  passes  when  used  in  that  engine ;  that  is,  it  is 
roughly  proportional  to  the  difference  in  the  temperature  between 
the  steam  admitted  and  the  steam  discharged.  A  perfect  engine 
would  convert  all  the  available  energy  into  mechanical  energy.  To 
state  the  case  somewhat  more  exactly :  Starting  with  dry  steam 
at  105  lbs.  boiler  pressure,  there  is  as  much  available  energy  in  a 
given  amount  of  this  steam  from  atmosphere  to  28  inches  vacuum 
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there  is  from  105  lbs.  boiler  pressure  to  atmosphere.  With  the 
mbination  of  a  reciprocating  engine  taking  its  steam  at  boiler 
pressure  and  discharging  all  oi  its  exhaust  into  a  low  pressure 
turbine,  which  in  turn  discharges  its  steam  into  a  condenser,  there 
will  be,  in  general,  somewhat  more  energy  available  to  the  re- 
ciprocating engine  than  to  the  low-pressure  turbine.  This  is  due 
to  the  fact  that  boiler  pressures  are  usually  higher  than  105  lbs 
gauge. 

The    actual    division   of    load   between    an    engine    and    a   low 
ire  turbine  using  all  the  steam  exhausted  by  the  engine  will, 
of  course,  depend  upon  the  exhaust  pressure  of  the  engine.     The 
above  relation  holds  only  when  the  engine  exhaust  and  the  turbine 
inK  i>oth  at  atmospheric  pressure.     If  the  engine  exhaust  and 

the  turbine  inlet  pressures  arc  above  atmospheric  pressure,  the 
available  engine  output  is  thereby  decreased  while  the  turbine  out- 
put is  increased.  Of  course,  the  contrary  is  true  when  the  engine 
exhause  pressure  drops  below  atmosphere.  More  will  be  said  on 
thi>  further  on  in  this  discussion.  So  much  for  the  "why"  of 
using  low-pressure  turbines. 

WHEN    TO    USE 

The  next  question  that  naturally  presents  itself  is,  "What  are 
the  c  editions  which  will  justify  the  installation  of  low-pressure 
turbine-:"  The  main  reasons  which  justify  such  an  installation 
are  two,  viz. : 

hirst,  to  increase  capacity,   and 
Second,  to  better  economy. 

Either  one  or  both  of  these  reasons  may  justify  the  installation 
of  the  low  pressure  turbine.  What  the  prospective  user  must  de- 
termine is  whether  or  not  either  or  both  of  these  advantages  are 
sufficient  to  justify  the  expen-e  for  new  apparatus  and  other  changes 
which  the  adoption  of  low-pressure  turbines  necessarily  entails.  In 
addition  to  the  question  of  economy,  there  are  some  general  condi- 
tions that  must  be  fulfilled  before  the  installation  of  the  low- 
pressure  turbine  is  justified. 

(  >ne  of  the  prime  conditions  for  the  efficient  operation  of  a 
low-pressure  turbine  is  the  maintenance  of  a  good  vacuum,  and 
unless  conditions  of  condensing  water,  etc.,  are  such  that  a  good 
vacuum  can  be  maintained,  the  reason  for  in -tailing  low-pressure 
turbines  largely  disappears.  Where  natural  sources  of  condensing 
water  cannot  be  obtained,  it  is  a  common  practice  to  use  cooling 
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towers,  spray  nozzles  or  some  other  means  of  cooling  the  condens- 
ing water  by  bringing  it  into  sufficiently  close  contact  with  the  air, 
so  that  part  of  the  water  is  evaporated.  The  amount  of  water  thus 
evaporated  must  be  at  least  equal  to  the  amount  of  steam  con- 
densed, since  the  latent  heat  of  the  condensed  steam  that  has  been 
taken  up  by  the  circulating  water  must  be  dissipated  in  turn  by  the 
evaporation  of  a  portion  of  the  circulating  water.  In  addition  to 
this,  leakage,  loss  by  fine  spray,  etc.,  must  be  allowed  for,  which  in 
actual  practice,  demands  the  use  of  1.5  times  to  four  or  five  times 
the  amount  of  the  condensed  steam,  and  even  higher  in  plants  of 
improper  design  and  insufficient  attention. 

Moreover,  it  should  be  borne  in  mind  in  selecting  condensing 
apparatus,  that  when  using  turbines,  either  high  or  low  pressure, 
it  pays  to  go  after  a  high  vacuum.  As  indicated  above,  the  advan- 
tage of  the  low-pressure  turbine  is  that  it  allows  the  complete 
expansion  of  the  steam  right  down  to  the  maximum  vacuum  that 
the  condensing  apparatus  can  maintain.  Hence  it  follows  that  the 
economy  of  a  steam  turbine  continually  increases  as  the  vacuum  is 
increased.  If  it  is  intended  to  apply  a  low-pressure  turbine  to  a 
case  where  reciprocating  engines  have  been  previously  running 
condensing,  it  does  not  necessarily  follow  that  a  gain  in  economy 
will  be  obtained  if  the  same  condensing  apparatus  is  used.  For 
reasons  given  above,  the  condensing  apparatus  for  reciprocating 
plants  is  usually  not  good  enough  to  obtain  the  full  measure  of 
economy  which  can  be  obtained  by  low-pressure  turbines,  and  when 
installing  low-pressure  turbines  it  will  pay  in  practically  all  cases 
to  install  new  condensing  apparatus  with  them. 

Another  point  that  must  be  considered  is  the  possibility  of 
operating  the  reciprocating  engines  at  such  exhaust  pressures  as 
the  use  of  low-pressure  turbines  will  demand.  Often  the  relative 
piston  areas  of  compound  engines  are  such  that  there  will  be 
"looping"  at  certain  loads,  if  the  exhaust  pressure  be  increased  to 
atmosphere  or  thereabouts.  There  results  a  pounding  of  the  valves 
which  makes  it  difficult  or  impossible  to  operate  the  engine.  This 
condition  is,  of  course,  more  apt  to  obtain  on  low  loads  than  on 
high  and  is,  therefore,  one  which  does  not  always  arise,  owing  to 
the  fact  that  the  exhaust  pressure  on  the  engine  automatically  de- 
creases with  load,  as  will  be  shown  later. 

Briefly,  then,  the  "When  to  use"  low-pressure  turbines  may  be 
summarized  as  follows  : — 

1 — When  increased  capacity  is  desired,  or 
2 — When  better  economy  is  desired. 
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Provided  good  condensing  conditions  can  be  obtained  and  the 
engine  design  is  such  as  to  lend  itself  to  the  changed  conditions. 

now  TO  USE 

The  foregoing  discussion  has  been  of  a  preliminarj  nature  and 
has  been  more  01  less  for  the  purpose  of  introducing  the  subject  of 
h«>w  besl  to  use  the  power  that  is  available  by  the  low-pressure  tur- 
bines. The  most  practicable  method  of  making  available  the  power 
from  a  low-pressure  turbine  is  to  turn  it  into  electricity.  The  speed 
of  such  a  machine  is  inherently  so  high  that  it  is  impracticable  to 
take  the  power  out  of  the  turbine  by  mechanical  means  except,  pos- 
sibly,  by  the  reduction  gear,  which  is  being  manufactured  by  The 
Westinghouse  Machine  Company.  This  limitation  can  hardly  be 
called  a  disadvantage,  since  the  power  is  usually  desired  in  the  shape 
of  electrical  energy  and  not  as  mechanical  energy  and  in  almost 
every  case  it  is  not  only  necessary,  but  desirable  to  use  an  electric 
generator  as  the  means  of  making  available  the  output  of  the  low- 
pressure  turbine. 

A  point  that  deserves  careful  attention  is  the  variation  in  the 
relative  loads  carried  by  engine  and  turbine  as  the  combined  load 
on  these  units  varies.  Assume  an  engine  exhausting  into  a  low- 
pressure  turbine  and  the  turbine  into  a  condenser.  The  one  thing 
that  is  apparent  is  that  the  total  difference  in  the  pressure  between 
boiler  and  condenser  is  divided  between  the  engine  and  turbine  such 
that  the  sum  of  the  pressure  drops  through  both  is  equal  to  said 
difference.  It  is  further  true  that  the  pressure  drop  through  a 
turbine  varies  directly  in  proportion  to  the  amount  of  the  steam 
flowing.  Assume  that  at  full  load  the  exhaust  pressure  of  the 
engine,  (and,  therefore,  the  inlet  pressure  of  the  turbine)  are  at 
atmospheric  pressure.  As  the  load  decrea^e^,  the  amount  of  steam 
flow  decreases.  This,  of  course,  will  have  the  effect  of  increasing 
the  pressure  range,  and  therefore,  the  temperature  range  of  the 
engine,  while  decreasing  the  pressure  and  temperature  range  of  the 
turbine.  Recalling  that  the  available  energy  in  a  given  amount  of 
steam  is  in  proportion  to  it-  decrease  in  temperature,  as  it  passes 
through  any  thermodynamic  engine,  it  can  readily  be  seen  that  as 
the  combined  load  decreases,  the  proportion  of  that  load  that  will 
be  assumed  by  the  engine  increases  at  the  expense  of  a  decrease  in 
the  proportion  carried  by  the  turbine. 

Conversely,  as  the  combined  load  increases,  the  drop  of 
pre— ure   through   the   turbine   increases,   the   inlet  pressure  to   the 
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turbine,  together  with  the  back  pressure  of  the  engine  exhaust, 
rises,  the  temperature  range  of  the  turbine  increases  at  the  expense 
of  the  temperature  range  of  the  engine  and  consequently,  the  propor- 
tion of  the  load  carried  by  the  turbine  increases  at  the  expense  of 
the  proportion  carried  by  the  engine. 

This  variation  in  the  relative  amounts  of  energy  available  to 
engine  and  turbine  is  shown  approximately  in-  Fig.  1.  In  thi^  curve 
it  is  assumed  that  the  engine  receives  dry  steam  at  160  lbs.  boiler 
pressure  and  exhausts  it  into  the  turbine.  The  condenser  carries  a 
vacuum  of  28  inches  and  the  engine  exhaust  is  assumed  at  the 
atmospheric  pressure  when  the  combined  load  is  100  percent.     The 

actual  distribution  of 
load  between  the  two 
units  will  depend 
largely  upon  the  in- 
dividual conditions 
surrounding  each  in- 
stallation and  only  a 
rough  idea  of  the 
comparative  varia- 
tion at  different  loads 
may  be  obtained 
from  Fig.  1.  In  lay- 
ing out  an  equipment 
of  low-pressure  tur- 
bines and  auxiliary 
apparatus,  this  varia- 
tion in  relative  loads 
at  different  points  on 
the  load  curve  must 
be  borne  in  mind.  The  problem  of  applying  the  low-pressure  tur- 
bine may  best  be  considered  under  a  number  of  cases,  as 
follows : — 

1 — Engine  driving  mechanical  load  and  turbine  to  be  con- 
nected to  same  load. 

2 — Engine  driving  mechanical  load  and  turbine  to  drive  an  in- 
dependent electrical  load. 

3 — The  engine  driving  an  electrical  load  and  the  turbine  to 
put  its  power  into  the  same  system.  As  a  corollary  of  No.  3,  the 
differences  between  the  alternating  and  the  direct-current  system 
should  also  be  considered. 
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i     When  a  low  pressure  turbine  is  used  in  connection 
with  an  existing  engine  driving,  for  instance,  a  line  shafl  and  it  is 
dd  the  energj  of  the  low-pressure  turbine  to  the  same 
line  shaft.    <  >ne  method  of  taking  care  of  such  a  case  is  to  attach 
this  line  shaft,  either  by  belt  or  other  means,  an  electric  motor 
sufficient  capacity  to  absorb  all  the  energ)  of  the  low  pressure 
turbine  under  any  normal  conditions.     The  operation  of  this  com- 
bination is  as  follows: — 

The  engine  delivers  its  quota  of  power  to  the  line  shaft.  The 
exhausl  of  the  engine  flows  through  the  turbine,  producing  a  cer- 
tain amount  of  additional  power.  This  power  appears  in  the  gen- 
electrical  energy  and  is  delivered  t<»  the  line  shaft  by  the 
agency  of  the  motor.  The  speed  governing  in  such  a  case  is  all 
done  by  the  engine  governor,  exactly  as  though  the  low-pressure 
turbine  were  not  present.  When  the  speed  tends  to  rise  on  ac- 
o  unt  of  a  decrease  of  load,  the  governor  acts  to  cut  off  a  portion 
of  the  steam,  thereby  decreasing  the  power  put  in  by  the  engine. 
This  also  causes  a  decrease  in  the  amount  of  steam  through  the  low- 

— ure   turhine   and   consequently,   a   decrease   in    the   amount    of 
power  put   into  the  line   shaft  by   the   turhine.     The   speed  of   the 

tor  i-.  of  course,  in  proportion  to  that  of  the  line  shaft  (heing 
belted  to  it)  and  whether  the  motor  he  induction  or  synchronous, 
always  bears  a  certain  relation  to  the  speed  of  the  gen- 
era- r.  The  speed  of  the  line  shaft  is  governed  by  the  speed  of 
the  engine  governor  and  the  speeds  of  the  motor  and  generator  bear 
a  definite  and  constant  relation  to  the  line  shaft  speed.  Hence,  the 
action  of  governing  is  exactly  the  same  as  if  the  low-pressure 
turhine  were  not  present.  The  main  thing  to  look  out  for  in  this 
application  i-  that  the  generator  is  large  enough  for  the  turbine 
and  that  the  motor  is  large  enough  to  transform  all  the  energy 
which  can  he  produced  by  the  generator.  Either  a  synchronous 
mo:  n  induction  motor  may  he  used. 

An  alternative  to  the  above  is  to  u  e  a  low-pressure  turhine 
direct-connected  to  a  gear  and  mechanically  connected  in  .some- 
manner  to  the  line  shaft.  This  method  would  obviate  the  necessity 
of  converting  all  the  energy  of  the  lo  ure  turhine  into  elec- 

trical energy  and  then   reconverting  it   into  mechanical   energy  by 
the  motor.     If  the  :'  the  low-pressure  turhine  were  confined 

;e  conditions  of  I  .  there  would  he  little  use  for  the  i  lectrical 

engineer  in  connection  with  it,  since  the  reduction  gear  can  apply 
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the  energy  available  from  a  low  pressure  turbine  to  a  median 
load,  both  with  greater  efficiency  and  with  less  cost  than  the  gen- 
erator and  motor  method.  However,  this  fact  has  little  hearing  on 
the  general  problem,  since  there  is  practically  never  a  call  for  a 
mechanical  load  only.  The  modern  plant  almost  always  uses 
electrical  energy  in  some  form  and  the  best  solution  of  the  problem 
will  be,  in  general,  to  convert  the  energy  of  the  low  pressure 
turbine  first  into  the  electrical  form  and  then  distribute  it  as  re- 
quired. 

Case  2 — When  the  engine  carries  a  mechanical  load  and  the 
turbine  carries  an  independent  electrical  load.  This  is  the  condition 
that  is  encountered  perhaps  more  frequently  than  any  other,  since 
it  is  a  natural  step  in  the  extension  and  enlargement  of  an  existing 
mechanically-driven  mill.  In  general,  the  solution  of  the  problem 
is  very  similar  to  Case  1  ;  namely,  the  connection  of  a  synchronous 
or  induction  motor  to  the  mechanical  load  and  the  transfer  of 
power  from  the  low-pressure  turbo-generator  to  this  load  by  the 
motor  or  the  transfer  of  a  portion  of  the  powrer  of  the  engine  into 
the  electrical  load  by  using  this  auxiliary  machine  as  a  generator, 
as  the  case  may  be.  In  this  case,  however,  the  question  of  size  of 
the  necessary  motor  is  one  of  the  things  to  be  determined.  In  Case 
1,  the  size  of  the  motor  is  easily  determined,  since  all  of  the  power 
of  the  turbine  must  be  utilized  through  the  agency  of  the  motor. 
In  Case  2,  however,  a  large  part  of  the  power  may  be  used  by  the 
independent  electrical  load  and  as  a  consequence,  the  size  of  the 
motor  need  not  be  as  large  as  it  would  be  in  Case  1. 

The  conditions  assumed  for  Case  2  are  shown  diagramatically 
in  Fig.  2.  The  considerations  which  govern  the  size  of  the  motor 
is  not  a  difficult  one  to  determine.  It  is  quite  evident  that  the  com- 
bined output  of  the  engine  and  generator  in  Case  2,  is  exactly  the 
same  as  the  total  combined  electrical  and  mechanical  load.  In 
other  words,  the  combination  of  mechanical  and  electrical  load  is 
driven  by  the  combined  output  of  the  reciprocating  engine  and  low- 
pressure  turbine.  If  the  mechanical  load  be  designated  by  M2  and 
the  electrical  load  by  E2,  as  indicated  in  Fig.  2,  and  if  further 
the  mechanical  output  of  the  engine  be  designated  as  Mx,  and  the 
electrical  output  of  the  turbo-generator  by  Ex  it  is  quite  evident 
that  the  following  relation  must  be  true ;  namely,  M1  -f-  Ex  =  M2  -j- 
E2.  It  is  further  evident  that  if  the  mechanically-driven  load  is 
larger  than  the  output  of  the  engine,  the  difference  between  the 
two  must  be  derived  from  the  motor  E3,  and  if  the  electrical  load 
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r  than  the  output  of  the  generator  /■ ',  the  difference 
must  be  furnished  by  the  motor  /  operating  as  a  generator. 
As  a  ■  nsequence,  it  is  quite  evident  that  the  following  condition 
nn:  be  true :     E,       Wa     -  Af,  =  /:,  -     E2. 

The  above,  therefore,  is  the  method  b)   which  the  size  of  the 
may  be  determined.     It  requires  simply  a  knowledge  of 
the  relative  engine  and  the  turbine  outputs  and  the  value  of  the 
mechanical  and  the  electrical  loads.     <  >ne  limit  of  the  size  of  the 
motor   will   be   determined   by   assuming   that   there   was   no   me- 
chanical load.     In  this  event,  the  motor  /:..  would  become  a  gen- 
erator and  the  total  outpul  of  the  engine  .1/,  would  be  turned  into 
electrical  energy  by  the  generator  E3  and  would  appear  in  the  elec- 
trical circuit.      This  case  would  be  similar  to  case   /.  with  the  ex- 
•i  that  all  the  energy  finally  appears  as  electrical  energy  in- 
ad  of  mechanical  energy  and  the  motor  which  in  Case   i   trans- 
formed all  the  energy  of  the  turbine  into  mechanical  energy  and 
now  .-.  a  generator  and  turns  all  of  the  energy  of  the  engine 

into  electrical  energy. 

The  question  of  regulation  would  be  taken  care  of  in  exactly 
the  same  manner  as  in  Case  r;  thai  is,  the  engine  governor  would 
regulate  the  speed  of  the  entire  system.  The  speed  of  the  motor 
Ez  whether  operating  as  a  motor  or  a  generator,  would  hear  a 
definite  relation  to  the  speed  of  the  engine,  and  the  generator  Ex 
would  be  kept  in  synchronism  with  the  motor;  thus  the  speed  of 
the  entire  equipment  would  he  regulated  by  the  original  engine 
governor. 

The  same  regulation  in  speed  would  take  place,  no  matter 
what  the  size  of  the  motor  50  long,  of  course,  as  the  torque  which 
is  1.  ry  for  this  machine  to  develop,  either  as  a  motor  or  gen- 

erator, i-  not  sufficient  to  cause  it  to  fall  out  of  the  step  with  the 
genera'  5o  long  a-  this  i^  the  case,  it  is  very  evidenl  that  the 

ed  regulation  of  the  entire  system  may  he  taken  care  of  by  the 
•rnor  of  the  original  engine  M .. 

In  determining  the  size  of  the  n  otor,  it  must  be  borne  in  mind 
that  the  relative  Ioj  tried  by  the  engine  and  low-pressure  tur- 

bine may  va:  the  load  changes.     This  point  is  fully  explained 

earlier  in  this  article.     A    -i/e  of  motor,  therefore,   which  may  be 
correct  for  one  loading  of  the  combined  unite,  might  not  he  rorrect 

another  loading.     Assuming,  for  instance,  a   1  000  horse-power 
engine  in   connection   with   which   is    installed   a   750-kilowatl   low- 
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pressure  turbine.  Full  combined  load  on  this  outfit  would  be  about 
2  000  horse-power,  divided  into  such  proportions  that  approximate- 
ly 55  percent  will  be  developed  by  the  engine  and  45  percent  by  the 
turbine.  In  other  words,  approximately  1  100  horse-power  would 
be  developed  by  the  engine  and  900  by  the  turbine.  Now  assume 
that  the  load  conditions  change  such  that  25  percent  overload  is 
demanded,  or  2500  horse-power  total.  Under  the  new  condition, 
the  division  of  the  load  between  the  engine  and  the  turbine  is  such 
that  they  are  very  nearly  equal,  and  as  a  consequence,  the  engine 

To  mechanically  driven  Mill  Load       f 

M,   HP 


Engine  Output 
M,    Hp 


To  electrically 
driven  Motor  Load 

e>  Hp  g 


Fin.   2. 


has  increased  its  output  from  1  100  to  about  1  250  horse-power, 
while  the  turbine  increases  its  output  from  900  to  about  1  250 
horse-power.  Further,  if  it  is  assumed  that  a  motor  of  given  size 
connecting  the  mechanical  and  electrical  systems  together  would 
not  be  overloaded  by  the  first  condition,  it  might  be  readily  over- 
loaded by  the  second.  The  actual  determination  of  whether  the 
motor  would  be  overloaded  by  the  increasing  power,  would  depend 
upon  whether  the  increase  was  in  the  mechanical  part  of  the  load 
or  the  electrical  part  of  the  load,  and  whether  the  motor  was 
originally  loaded  as  a  generator  or  a  motor. 
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There  are  certain  conditions  which  make  it  advisable  that  the 
motor  which  forms  the  connection  between  the  mechanical  and  the 
electrical  systems,  should  not  become  too  small  a  proportion  of 
either  of  tin  tei  -  rheoretically,  if  the  electrical  Loads  were 
alwavs  exactly  equal  to  the  output  of  the  generator  /•-,  and  the 
mechanical  load  were  always  equal  to  the  mechanical  output  of 
(•  gine  Mlt  there  would  he  no  need  of  motor  /;:t  so  far  as  trans- 
nergy  from  one  system  to  the  other  is  concerned.  On  the 
other  hand,  the  use  of  the  motor  E  is  necessary  for  speed  regulat- 
ing put  Even  assuming  the  above  equality,  this  motor  is  the 
v  thing  which  keeps  the  speed  of  the  turbine  always  in  a  given 
relation  to  that  of  the  engine.  If  it  were  not  for  the  presence  of 
the  motor,  the  turbine  might  increase  or  decrease  its  speed  by  a 
certain  amount  and  still  equilibrium  remain  undisturbed  ;  in  other 
.  the  mechanical  load  would  always  remain  equal  to  the  out- 
put of  the  engine  and  the  electrical  load  would  always  remain  equal 
to  the  output  of  the  turbine,  independent  of  the  relative  speeds. 
Therefore,  even  under  the  conditions  of  an  equality,  thus  assumed, 
the  presence  of  the  motor  £3  would  be  necessary  for  the  purpose  of 
relative  speed  regulation. 

It  is  further  evident  that  if  the  motor  E3  were  very  small  com- 
pared to  the  generator  Elf  any  sudden  disturhance  either  in  the 
electrical  circuit  or  in  the  mechanically  driven  load,  as  for  instance, 
a  short-circuit  or  the  sudden  throwing  off  of  a  belt,  might  cause 
the  motor  to  drop  out  of  step,  thereby  interrupting  the  speed  regu- 
lation which  is  so  evidently  essential  to  the  entegrity  of  the  system. 

Practice  has  demonstrated  that  a  motor  / ...  which  is  as  small 
as  50  percent  of  the  capacity  of  the  generator  Ex  will  operate  satis- 
factorily. Whether  the  size  can  be  reduced  materially  helow  this 
:  question  upon  which  there  is  insufficient  data  from  practice  to 
give  a  definite  answer.  Considerations  given  above,  however,  still 
indicate  that  there  is  a  limit  below  which  it  is  unsafe  to  go  and  the 
writer's  judgment  would  place  this  limit  at  not  very  far  helow  50 
percent  of  the  generator  capacity. 

The  above  outlines  the  proper  practice  when  it  is  possible  to 
tie  the  mechanical  and  electrical  systems  together  by  a  motor 
(which  may  at  times  become  a  generator).  Under  the  above  de- 
scribed conditions  the  problem  of  speed  regulation  for  both  the 
mechanical  and  electrical  systems  is  a  simple  one,  all  speed  regu- 
lation depending  upon  the  governor  of  the  primary  engine.    How- 
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ever,  there  are  other  conditions  in  which  the  ahove  arrangerm-nt 
is  impractical  tie.  Fur  instance,  suppose  that  the  steam  for  the 
low-pressure  turbine  instead  of  coming  from  a  single  unit  driving 
a  single  mechanical  load,  is  taken  from  a  heterogeneous  lot  of 
engines  driving  miscellaneous  mechanical  loads  that  arc  in  nowise 
connected  together  or  dependent  upon  each  other.  Since,  in  such 
cases,  it  is  impracticable  to  connect  a  motor  to  the  engines  driving 
this  mechanical  load,  it  manifestly  becomes  impossible  to  tie  to- 
gether the  electrical  load  and  mechanical  load  as  described  above. 
In  this  event  it  is  necessary  to  apply  some  separate  means  of  speed 
regulation  to  the  electrical  system  operated  by  the  low-pressure 
turbine,  and  this  leads  directly  to  the  necessity  of  a  governor  on 
the  inlet  to  the  low-pressure  turbine.  In  turn,  this  means  either 
one  of  two  alternatives.  First,  there  must  always  be  available 
from  the  various  sources  of  low-pressure  steam  a  sufficient  amount 
of  steam  to  carry  the  electrical  load  under  any  condition,  or,  sec- 
ond, there  must  be  some  means  of  supplying  the  electrical  load  from 
other  sources  of  power  should  there  at  any  time  he  a  deficiency  in 
the  supply  of  low-pressure  steam.  There  are,  of  course,  variations 
in  the  supply  of  low-pressure  steam  from  a  heterogeneous  lot  of 
engines,  and  there  is  also  hound  to  be  some  variation  in  the  load 
on  an  electrical  system.  If  we  rely  upon  a  low-pressure  turbine 
for  the  entire  supply  to  the  electrical  system,  the  minimum  amount 
of  low-pressure  steam  must  always  be  capable  of  supplying  the 
maximum  demand  on  the  electrical  system.  When  this  is  true 
there  is  necessarily  a  considerable  amount  of  this  low-pressure 
steam  wasted. 

One  way  to  overcome  this  is  to  adopt  the  second  alternative 
mentioned  above.  This  usually  takes  the  form  of  a  high-pressure 
element  in  the  turbine  which  may  be  opened  to  take  high-pressure 
steam  whenever  the  low-pressure  steam  supply  is  insufficient  for 
the  electrical  load.  Or  a  reducing  valve  can  be  used  to  reduce  the 
high-pressure  steam  to  the  proper  pressure  for  the  low-pressure 
turbine. 

Another  of  the  disadvantages  of  this  method  of  operation  is 
that  the  pressure  in  the  low-pressure  steam  supply  must  always  be 
above  atmosphere  since  any  attempt  to  place  a  governor  upon  the 
low-pressure  system  when  that  pressure  is  below  atmosphere  would 
simply  result  in  the  admission  of  air  instead  of  the  escape  of  steam. 
There  are  a  number  of  other  alternatives  which   might  be  men- 
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tioned  in  this  connection,  but  which  lead  to  so  extensive  treatment 
oi  the  subject,  as  hardly  to  ho  open  for  discussion  in  so  hrief  an 
article  as  this. 

The  above  limitations  i\o  not  by  any  means  make  it  inadvisa- 
ble to  use  low-pressure  turbines  for  these  conditions.  They  simply 
mean  that  not  so  large  a  proportion  of  the  available  low-pressure 
im  can  he  utilized  as  would  Otherwise  he  the  case  if  it  were  pos- 
sible  to  connect  the  mechanical  and  electrical  Msk-ms  together  by 
a  motor.  In  fact,  one  of  the  most  promising  fields  for  the  low- 
pressure  turbines  is  in  connection  with  steel  mills  and  similar  in- 
dustries, where  the  connection  of  a  motor  to  the  engines  furnish- 
ing the  low-pressure  steam  supply  is  impracticahle.  Many  such 
plants  are  now  using  non-condensing  engines  and  are  wasting 
enough  steam  to  add  at  least  75  percent  to  the  power  of  the  original 
plant.  The  fact  that  it  is  not  possible  to  recover  the  entire  75  per- 
cent does  not  at  all  mean  that  it  is  impossible  to  recover  any  of 
it.  All  that  can  be  recovered  is  clear  gain  whether  ii  be  75  percent 
or  a  smaller  proportion  of  the  original  power. 

Case  3 — When  the  engine  carries  an  electrical  load  and  the  low- 
pressure  turbine  is  to  be  connected  to  the  same  load.  Tn  this  case 
the  solution  of  the  problem  is  extremely  simple.  It  is  simply 
necessary  to  connect  the  low-pressure  t mho-generator  to  the  main 
hus-bar.  The  speed  regulation  is  entirely  automatic,  since  the 
low-pressure  generator  must  always  remain  in  synchronism  with 
the  engine-driven  generator,  the  frequency  of  which  is  fixed  by  the 
engine.  The  engine  speed  is  fixed  by  its  governor  and  as  a  conse- 
quence, the  speed  regulation  of  the  whole  system  depends  upon  the 
primary  engine  governor  in  exactly  the  same  manner  as  in  cases 
/  and  2.  In  thise  case,  there  is,  of  course,  no  necessity  for  a  motor 
to  connect  together  any  mechanical  and  electrical  systems  as  is 
necessary  in  cases  /  and  2. 

If  the  system  is  a  direct-current  one,  instead  of  alternating 
current,  conditions  are  very  little  changed.  In  the  alternating- 
current  system,  the  low-pressure  turbine  is  held  in  exact  syn- 
chronism with  the  generators  driven  by  the  engine,  so  that  the 
relative  speeds  do  not  vary.  If  the  direct-current  system  is  in  use, 
the  same  will  be  true  within  certain  limits.  As  the  load  varies 
on  the  generator  driven  by  a  low-pressure  turbine  there  will  be 
a  slight  change  in  th<  amount   and  direction   depend- 

ing upon   the  compounding  characteristics;  but  this  is  not  suf- 
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ficient  to  cause  any   material  difference  between  the  direct  and 
alternating-current  cases. 

The  general  question  of  automatic  protection  of  generators 
connected  to  low  pressure  turbines  and  of  the  motors  used  in 
cases  /  and  2,  may  be  of  interest  to  discuss : — 

In  the  author's  opinion  the  use  of  any  overload  protection 
with  such  generators  and  motors  will,  in  the  long  run,  be  found 
to  have  more  objections  than  it  has  advantages.  The  reasoning 
that  leads  to  this  conclusion  is  as  follows : — 

Alternating-current  machines  are  usually  guaranteed  to  car- 
ry full-load  with  a  rise  in  temperature  of  not  more  than  40  de- 
grees C.  They  will  further  carry  25  percent  overload  continu- 
ously with  a  rise  in  temperature  of  not  more  than  50  degrees  C. 
Further,  a  standard  guarantee  often  states  that  such  machines 
will  carry  50  percent  overload  for  one  or  two  hours  with  a  rise 
in  temperature  of  60  degrees  C.  Should  it  be  desirable  the  ma- 
chines will  carry  two  or  three  times  their  normal  load  for  a 
length  of  time  which  would  probably  be  at  least  15  minutes  with- 
out incurring  a  rise  in  temperature  that  would  damage  the  ap- 
paratus. It  is  further  true  that  on  dead  short-circuit,  a  gener- 
ator or  motor  cannot,  under  usual  conditions,  give  more  than 
three  times  full-load  current  on  account  of  the  armature  reaction. 
It  follows,  therefore,  that  under  the  worst  conditions  a  motor 
or  generator  would  probably  stand  short-circuit  without  serious 
damage  for  a  period  which  would  approach   15   minutes. 

A  proper  safety  device  for  the  protection  for  such  a  piece 
of  apparatus  should  have  the  same  thermal  characteristics  as  the 
apparatus  itself;  that  is,  it  should  be  capable  of  disconnecting 
the  apparatus  after  it  has  operated  for  one  or  two  hours  at  50 
percent  overload,  and  it  should  also  be  capable  of  not  discon- 
necting the  motor  after  it  has  operated  at  three  times  full-load 
for  a  period  of  about  five  or  ten  minutes.  There  is  not  a  circuit- 
breaker  made  or  that  can  be  made  that  has  any  such  character- 
istics. In  other  words,  the  thermal  capacity  of  any  fuse  or  over- 
load circuit-breaker  is  of  necessity  vastly  smaller  than  the  generator 
or  motor  which  it  must  protect.  If  a  fuse  or  circuit-breaker  be  used, 
and  set  at  50  percent  overload,  it  would  probably  be  set  so  low  as  to 
be  coming  out  continually.  If,  on  the  other  hand,  it  were  set  up 
to  two  or  three  times  full-load,  it  would  not  protect  the  appara- 
tus on  overloads.     If  such  a  piece  of  apparatus  were  installed  and 
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such  a  point  that  it  came  <>ut  frequently,  its  tripping  point 
would  undoubted^   be  set  up  by  the  operator  until  it  no  longer 

me  out.  When  set  up  to  this  point,  it  would  no  longer  have 
the  pi  ng  value  which  is  desired. 

The  problem  here  is  exactly  the  same  as  that  of  protecting 
alternating-current    generators    when   operating   in    parallel.     In 

rmer  years  it  was  the  general  practice  to  protecl  alternators 
in  parallel  with  automatic  devices.  Experience  has  proved  thai 
tin  natic  devices  in  the  generator  circuits,  in  general,  gave 

more  trouble  than   they  prevented,   and,  as  a   result,   these  auto- 
matic devices  have  been  almost  universally  discarded  and  stand- 

I  practice  at  the  pre -cut  time  is  to  install  alternators  with  no 
automatic  protection  whatever  between  them  and  the  bus-bars 
which  they  feed.  The  prevention  of  generator  or  motor  burn- 
ust  depend  upon  the  use  of  common  -en-e  and  intelligence 
on  the  part  of  the  customer  in  loading  the  apparatus.  It  is  im- 
■le  to  make  any  protective  device  which  is  fool-proof  and 
which  is  not  subject  to  being  set  at  such  a  point  as  to  make  it 
ineffective. 

The  fact  that  alternators  or  synchronous  motors  cannot  give 
more  than  jt_.  or  three  times  full-load  current,  even  on  short- 
circuits,  makes  them  sel^-protective  to  such  a  large  extent  that 
it    is    con  1    unwise    and    unnecessary    to    install    automatic 

overload  devices  in  connection  with  them. 

ddie  question  has  been  asked — "What  would  happen  should 
the  condenser  of  the  low-pressure  turbine  fail?"  This  will  de- 
pend, to  a  very  considerable  extent  on  the  size  of  the  synchron- 
ous motor  a-  compared  with  the  electrical  load  which  it  is  obliged 

carry  during  such  an  emergency.     If  the  synchronous  motor 

a  point  which  will   exceed   double 

normal  capacity,  it  is  my  opinion  that  the  machine  will  keep 

nerating  a  sufficient  amount  of  power  to  keep  the  motors 

runnii  ufficient  amount  of  power  from 

the  engine.     In  this  .  the  apparatus  in  the  mill  would  he  kept 

ng  at  probably  a  reduced  speed  until  the  vacuum  could  he  re- 
established.   Also  the  turbi  rator  attached  to  the  low-pres- 

re  turbine  would  be  kept  in  synchronism  by  current  from  the 
motor,  and  the  only  thing  to  reestablish  prop*  r    ervice  would  he 

.ply  the  reestablishment  of  the  vacuum  in  the  condenser.     It 

uld,   therefore,  be   of  great   advantage   to   eliminate   all   auto- 
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matics  between  the  synchronous  motor  and  the  bus-bars  in  such  an 
event,  since  the  only  thing  necessary  to  reestablish  service  would  be 
simply  to  get  back  the  vacuum  on  the  condenser.  If,  on  the 
other  hand,  automatic  devices  were  put  in  between  the  machine 
and  the  bus-bars,  it  would  be  necessary  to  re-synchronize  the 
tie-in  motor  and  to  start  up  all  the  motors  that  would  be  shut 
down  when  the  automatics  opened.  If  a  Tirrill  regulator  were 
provided  upon  the  system,  the  proportion  of  overload  which 
might  be  carried  successfully  would  be  increased.  It  might  be 
possible  to  carry  as  high  as  2%  times  full-load  current  for  a  short 
time  on  the  motor  and  possibly  even  more  without  having  it 
drop  its  load.  If,  however,  the  electrical  load  on  the  motor 
is  too  great  for  it  to  carry,  it  will  mean  simply  that  the 
voltage  on  the  system  will  drop  to  such  a  point  that  the  in- 
duction motors  will  stop.  The  synchronous  motor  acting  as  a 
generator,  would  still  continue  to  circulate  current,  but  on  ac- 
count of  armature  reaction,  the  amount  it  would  circulate  would 
not  be  sufficient  to  damage  itself  for  a  period  probably  longer 
than  five  or  ten  minutes — long  enough  certainly  for  properly 
trained  attendants  to  open  the  necessary  circuits  and  get  things 
moving  towards  the  re-starting  of  the  whole  electrical  equip- 
ments, as  would  be  necessary  in  this  case. 

There  are  man)'  more  things  that  might  be  said  about  the 
"why,  when  and  how"  to  use  low-pressure  turbines,  but  in  a 
brief  treatment,  such  as  this,  many  things  must  necessarily  be  left 
unsaid.  The  low-pressure  turbine  has  been  used  in  the  past 
and  is  bound  to  be  used  much  more  extensively  in  the  future. 
If  these  few  pages  lead  to  the  use  of  this  device  in  some  places 
where  its  use  will  be  beneficial,  or  prevent  its  use  where  condi 
tions  are  not  suitable,  the  object  of  this  article  will  have  been  ac- 
complished. 
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E.  G.  REED 

THK  problem  in  transformer  design  is  to  lay  out  the  apparatus 
so  that  it  will  give  the  hest  service  to  the  user  and  at  the 
same  time  will  be  saleable  at  a  profit.  To  meet  the  first 
requirement,  the  designing  engineer  must  therefore  study  service 
conditions,  so  that  the  apparatus  will  operate  satisfactorily  under 
all  normal  conditions.  To  meet  the  second  requirement,  he  must 
consider  all  of  those  points  which  have  to  do  with  minimizing  the 
manufacturing  cost  for  the  given  service  conditions.  Thus,  the 
designs  must  involve  the  minimum  amount  of  material  necessary 
to  insure  the  best  results  and  must  be  capable  of  being  built  with 
the  least  possible  complications  in  manufacture.  In  short,  a  suc- 
cessful design  is  a  proper  compromise  between  the  demands  of 
good  service  and  of  low  first  cost. 

It  is  evident  that  these  two  requirements  may  be  antagonis- 
tic ;  since,  for  instance,  bettering  the  performance  will  increase 
the  cost,  and  vice  versa.  As  a  rule  the  user  of  transformers  is 
willing  t<.  pay  for  an  article  of  superior  merits  if  the  saving  in  its 
operation  in  more  than  the  cost  of  carrying  the  additional  invest- 
ment represented  by  its  greater  cost.  The  relations  of  the  various 
factors  entering  into  a  design  which  meets  the  above  conditions 
are  indicated  below.  Only  the  most  important  feature  will  be  dis- 
cussed,  with  the  idea  of  giving  a  broad  and  general  conception 
of  transformer  design. 


Transformer 
Design 


Service 
Requirements 


fLife 
Kfficiency,  Regulation 
Convenience  in  operation 
Size  .•mil  \\  <  ight 


Cost  f  Material 

Requirements  j  Shape  and  proportions 

L  Manufacture 


Transformer  Life.  The  life  of  a  transformer  depends  largely 
upon  its  operating  temperature  and  its  insulation.  No  insulation 
known  at  the  present  time,  applicable  to  transformers,  can  operate 
•:tinuously  at  ioo  degrees  C.  without  deteriorating.  On  the 
other  hand,  an  improper  application  of  insulation  will  result  in  in- 
creased heating.  The  matter  of  transformer  heating  may  be  ana- 
lyzed as  follows:  The  temperature  of  the  winding-  of  an  oil  in- 
sulated transformer,  for  instance,  depends  partly  on  the  tempera- 
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ture  of  the  oil  in  the  transformer  case,  and  partly  on  the  tem- 
perature gradient  hetween  the  oil  and  the  actual  copper  in  the  coil. 
The  temperature  of  the  oil  in  the  transformer  is  proportional  to 
the  total  transformer  loss  (i.e.,  iron  plus  copper  loss),  while  the 
temperature  gradient  between  the  windings  and  the  oil  is  propor- 
tional to  the  copper  loss.  The  necessity  of  keeping  a  low  tem- 
perature gradient  between  the  oil  and  copper  involves  the  use  of 
ventilating  ducts  through  the  windings,  and  the  temperature  grad- 
ient in  a  good  transformer  should  not  much  exceed  10  degrees  C. 
The  importance  of  a  low  temperature  gradient  is  particularly  ap- 
parent when  a  transformer  is  overloaded,  as  the  gradient  increases 
in  proportion  to  the  square  of  the  load.  The  expedients  of  em- 
ploying corrugated  or  tubular  metal  cases  for  the  larger  self-cool- 
ing transformers,  and  water  cooling  for  very  large  units,  for  cool- 
ing the  oil  are  important  factors  in  transformer  design. 

Performance.  In  considering  the  question  of  performance  of 
transformers,  it  will  be  advisable  to  distinguish  between  two  gen- 
eral classes,  viz.,  distributing  and  power  transformers. 

Transformers  of  the  distributing  class  take  current  from  the 
higher  voltage  distributing  lines  and  deliver  it  directly  to  the 
power  user.  Distributing  transformers  are  ordinarily  used  on 
normal  2  200  volt  primary  lines,  but  are  also  sometimes  used  on 
lines  as  high  as  17000  volts.  Transformers  of  this  class  must  be 
designed  with  low  iron  loss  and  good  regulation.  The  iron  loss 
must  be  low,  since  they  are  in  service  continuously.  On  the  ordin- 
ary distributing  system  there  are  a  relatively  large  number  of 
small  transformers  whose  aggregate  losses  naturally  become  a 
very  important  consideration.  Further,  since  the  service  usually 
includes  lighting,  very  close  regulation  is  demanded.  The  design 
problem  in  this  case,  therefore,  becomes  one  of  making  a  trans- 
former, whose  losses  are  practically  fixed  by  service  conditions, 
for  a  minimum  cost  of  material. 

Transformers  of  the  power  class  are  built  for  use  in  central 
stations,  for  raising  and  lowering  the  voltage  for  the  purpose  of 
long  distance  transmission,  and  for  corresponding  use  in  sub-sta- 
tions. Since  power  transformers  are  usually  fully  loaded,  there 
is  no  demand  for  a  condition  of  lower  iron  loss  than  copper  loss, 
and  these  losses  are  usually  made  about  equal  in  value.  The 
losses  in  transformers,  assuming  the  same  constants  of  design,  in- 
crease only  as  the  three-fourths  power  of  the  output.  Therefore, 
with  units  of  larger  and  larger  size,  a  point  is  soon  reached  where 
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the  losses  are  relative!}  small  and  more  thansatisf)  service  require- 
ments in  this  respect     Hence,  it  then  becomes  a  question  of  mak- 
the  cheapest  transformer  possible,  withoul   giving  special  at- 
tention to  reduction  of  the  losses.     The  methods  of  carrying  out 
signs  according  to  these  two  methods  will  he  investigated  later. 
enience  in   Operation.     The    requirements    of    operation 
have  led  to  the  development  of  the  various  familiar  types,  whose 
distinguishing    features    may   he    reviewed   as    follows:     Pole-typr 
I    manhole-type    distributing    transformers    are    provided    with 
"ed.   weather-proof,   and    in    the   case   of   manhole   transformer, 
ter-tight    cases.     Power    transformers    are    either    self-cooled, 
cooled  by  air  blast,  or  water  cooled.     Since  power  transformers 
are  usually  located  in  the  central  station  or  sub-stations,  they  need 
not  he  made  moisture  or  water-proof,  as  is  required  of  the  dis- 
tributing transformer.     Self-cooled,  oil  insulated  power  transform- 
ers of  sizes  up  to  about  500  k.v.a.  capacity  are  mounted  in  tanks 
with  corrugated  sheet  metal  sides  cast  in  top  and  bottom  castings, 
with  a  sheet  iron  cover  for  the  tank.     Recently  self-cooled  trans- 
fers   up   to   3000   k.v.a.   capacity   have  been  built,  the  cooling 
surface  being  secured  by  the  use  of  a  number  of  tubes,  extend- 
ing out   from  the  lower  part  of  the  smooth  boiler  iron  tank  and 
entering  again  near  the  top,  through  which  the  oil  may  circulate. 
The  cooling  effect  of  the  surface  of   the  tubes   is   much  greater 
than  that  of  the  corrugated  surface  just  referred  to.     Such  trans- 
re  used  where  water  for  cooling  purposes  is  very  costly, 
available,  as  is  often  the  case  with  isolated  sub-station  . 
r  very  large  transformers  some  more  effective   method  of  col- 
ing  mil  necessity  be  used,  such  as  in  water  cooled  transform- 

ers, in   which  water  is   forced  through  pipes  submerged  in  oil   in 
the  trau- former  case. 

Materials.  Before  a  design  is  attempted,  it  is,  of  course, 
necessary  to  understand  the  characteristics  of  the  materials  used 
in  the  ruction  of  a  transformer,  i.e..  the  resistance  constants 

the  copper,  the  true  and  apparent  wait-,  or  permeability  con- 
of  the  -beet  iron,  and  the  mechanical  and  electrical  proper- 
tie-  of  the  insulating  materials.  The  copper  conductors  are  usu- 
ally insulated  with  cotton  covering,  and  must  be  of  proper  size 
and  shape  so  that  they  can  be  wound  readily,  and  so  that  exces- 
sive eddy  currents  are  not  set  up  by  the  leakage  magnetic  fields. 

The  thickness  of  the  best  transformer  iron  i->  from  0.0125  to 
0.C172  inch.     At  about  10  000  magnetic  lines  of  force  per  square 
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centimeter,  the  best  irons  have  losses  of  between  1  and  1.5  watts 
per  pound  true  loss  and  about  2.5  watts  per  pound  apparent  watts, 
which  represents  a  power-factor  of  about  50  percent  at  that  den- 
sity. In  design  work,  curves  giving  the  true  and  apparent  watts 
for  different  densities  are  required.  It  is  found  that  the  iron 
curve  up  to  10  000  or  12000  lines  per  square  centimeter  can  be 
expressed  by  the  relation  that  the  watts  per  pound  of  iron  in- 
creases as  the  1.7  power  of  the  induction.  From  this,  the  im- 
portance of  having  a  good  grade  of  iron  in  the  transformer  will 
be  realized,  and  it  will  suffice  to  state  that  the  cost  of  the  active 
material  in  the  transformer  will  vary  as  the  2.4  power  of  the  qual- 
ity of  the  iron.  That  is  if  iron  can  be  secured  having  ten  percent 
less  loss  than  that  1  icing  used  in  a  certain  transformer,  the  cost 
of  the  iron  and  copper  can  be  reduced  approximately  24  percent. 
These  results  arc  of  course  theoretical  values  based  upon  the  ex- 
ponent of   1.7  referred  to  above. 

Before  starting  a  design,  it  is  necessary  to  settle  on  the  type 
of  insulation  to  be  used.  If  the  percentage  of  space  occupied  by 
the  copper  in  the  total  cross  section  of  a  transformer  winding 
be  designated  as  the  "space  factor",  it  may  be  seen  that,  with 
other  quantities  assumed  as  constant,  the  cost  of  active  material 
will  vary  about  as  the  space  factor.  This  shows  the  importance 
of  a  high  space  factor.  Often  the  deciding  factor  in  the  selec- 
tion of  the  type  of  winding  is  the  relative  space  factor,  assuming 
the  same  insulation  strength  in  each.  In  general  there  are  two 
typical  methods  of  insulating  transformers,  the  first  being  the 
method  of  using  treated  material  in  the  winding  and  assembling 
of  the  coils;  the  second  is  to  make  the  winding  of  untreated  ma- 
terial and  impregnate  the  completed  transformer  afterwards  with 
an  insulating  compound.  The  latter  method  is  only  applicable 
to  units  of  small  size,  and  its  value  is  particularly  apparent 
when  used  with  transformers  having  a  large  number  of  turns  of 
small  wire,  as  the  individual  turns  are  cemented  together  and  the 
whole  winding  is  solidified,  making  a  better  heat  dissipating  body. 
With  large  transformers  the  coils  are  composed  of  a  few  turns 
of  large  wire  and  this  point  is  of  less  importance. 

Shape  and  Proportions.  A  transformer  which  has  ideal  pro- 
portions is  one  which  requires  the  least  amount  of  material  for 
given  conditions  of  loss,  rating,  etc.  A  little  consideration  will 
show  that  such  a  transformer  will  require  that  the  length  of 
mean  turn  of  both  iron  and  copper  elements  should  be  a  mini- 
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inuni  for  a  given  area  ci  their  sections.  By  their  sections  is 
meant  the  area  <>!'  cross  section  of  the  magnetic  circuit  and  the 
area  oi  cr —  section  through  the  windings.  Thus,  when  the  mean 
length   <>t"   turns   of   each   element   is  a  minimum,   a  given   number 

turns  of  copper  will  have  a  minimum  weight  and  resistance 
and  the  iron  circuit  would  have  a  minimum  amount  of  material. 
Such  an  ideal  form  of  transformer  would  he  one  in  which  either 
the  iron  or  copper  assumed  the  shape  of  an  annular  ring,  the 
other  element  assuming  a  circular  cross-Section  surrounding  the 
ring  and  completely  tilling  its  opening.  The  type  would  he  core 
or  shell,  depending  on  whether  the  iron  formed  the  central  core, 
or  formed  the  outer  shell  around  the  inner  part.  Because  of  con- 
siderations involving  the  material  Iron  which  the  magnetic  circuit 
and  windings  are  made,  the  question  of  heating,  etc.,  it  is  not  pos- 
sible  to  use  these  ideal  forms.  Therefore  a  practical  modifica- 
tion . . f  one  of  these  types  of  design  must  he  selected.  Upon 
analysis  it  i-  found  that  small  high  voltage  transformers  should 
he  c-'ie  type,  and  large  low  voltage  transformer-  should  be  shell 
type.  This  is  true  for  the  following  reasons:  A  shell  type  trans- 
former has  a  short  mean  turn  of  iron,  while  a  core  type  has  a 
short  mean  turn  of  copper.  There  is  a  tendency  to  use  the 
greater  amount  of  the  material  having  the  shorter  mean  turn,  he- 
cause  with  a  given  amount  of    material,    the    part  which  has  the 

rter  mean  turn  is  the  most  effective  in  producing  an  element 
of  large,  sectional  area.  The  materials  are  economically  disposed 
when  with  a  given  amount  of  iron  and  copper,  the  sectional  area 

each  is  a  maximum.     This    is    true    because    the    output    of  a 
transformer  is  a  maximum  when  the  product  of  these  areas  is  a 
maximum.     With  a  shell    type    transformer,    since  the  weight  of 
copper  i-    -mall,   the   sectional   area   i-   -mall   and   the   space   factor 
•pper  has  a  greeat    effect    upon    the  design;  that  is,  the 
winding   with  a  large    percentage   of    insulation    is    at  a  disadvan- 
tage   with    the    shell    type.     On  the  other  hand,  with  a  core  type 
tran-former.  greater  insulation  values  do  not  affect  the  design  so 
markedly.     The  only  means   for  judging  as   to  the  merits  of  the 
two  type-,   concerning  their    relative    economy   for  any   particular 
i  make  comparative  designs. 
Assume  that  it  is  required  to  design  a  power  transformer  of 
given  rating  for  a  minimum  cos!  of  material.     Tt  develops  at  once 
that  there  is  a  limit  to  the  cheapness  of  a  transformer  for  a  given 
rating.     This  is  due  to  the  fact  that   for  reasons  of  heating,  the 
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copper  cannot  be  operated  beyond  a  certain  density  (measured  in 
watts  per  pound),  and  the  iron  cannot  be  operated  beyond  a  cer- 
tain magnetic  density  because  of  saturation  of  the  iron.  The  iron 
should  run  at  not  more  than  10  000  to  12  000  lines  per  square  centi- 
meter, so  as  to  keep  below  the  knee  of  the  saturation  curve. 

Thus  the  problem  becomes  one  of  designing  a  transformer 
for  a  minimum  cost  with  fixed  densities.  If  the  scheme  of  in- 
sulation and  ventilation  has  been  selected,  the  space  factor  of  the 
winding  is  approximately  fixed.  It  can  be  shown  that,  with  the 
rating,  frequency,  space  factor  and  copper  and  magnetic  densities 
fixed,  the  product  of  the  area  of  the  winding  section  and  area  of 
magnetic  circuit  section  becomes   fixed.* 

It  now  remains  to  shape  the  transformer  so  that  a  minimum 
amount  of  material  is  required  to  produce  this  product  of  areas. 
Of  course,  the  trial  method  may  be  used,  but  analytical  methods 
have  been  worked  out  and  are  employed  to  advantage. 

The  premises  in  the  above  problem  might  have  been  to  de- 
sign a  transformer  for  a  minimum  loss  instead  of  a  minimum 
cost,  with  the  densities  fixed.  The  two  designs  would  be  identical 
when  the  ratio  of  the  costs  per  pound  of  iron  and  copper  was 
equal  to  the  ratio  of  the  watts  per  pound  in  each. 

Another  phase  of  this  general  problem  is  of  interest.  Assum- 
ing that  a  design  had  been  made  for  a  minimum  loss  with  fixed 
densities,  suppose  it  were  permitted  to  vary  the  densities  up  and 
down  without  danger  of  over-heating  or  over-saturation.  Equa- 
tion ( 1 )  may  be  rewritten  as  follows  : — 

-i-         --■  .                                       p 
\\V  '*'  xWc"   is  proportional  to  =a  constant  (2) 

be  X  J\1  X/\c 

Multiplying  the  above  equation  by  a  constant,  we  have — 

(Iron  Loss)'"  x  (Copper  Loss)"  =  a  constant  (3) 

This  expression  may  be  termed  the  transformer  loss  function, 
which  means  that  in    any    transformer    the    figure    for    iron    loss 


*This  may  be  expressed  in  an  equation  as  follows : — 

P 
AiAc  is  proportional  to  (1) 

SeWi^WV 

Where  At  =  Area  of  iron  section;  Ac  =  Area  of  copper  section;  P  = 
output  of  transformer;  5"c  =  Space  factor;  Wi  =  Watts  per  pound  of  iron, 
and  We  =  Watts  per  pound  of  copper. 
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.in  constani  power  times  the  figure  for  copper  loss 
raised  to  another  constani  power  is  equal  to  a  constant.  By  the 
laws  of  maximum  and  minimum  the  relation  between  these  losses 
which  will  make  their  sum  a  minimum  may  be  found.  This  re- 
lation  is  as    follows: — 

Iron  loss  2 

= (4) 

Copper  loss        1.7 

Therefore  with  a  given  transformer  frame,  this  is  the  condi- 
tion which  must  be  satisfied  when  the  sum  of  the  losses  is  a  mini- 
mum. The  densities  may  he  varied  so  as  to  (.fleet  a  condition 
which  will  give  the  ratio  of  the  losses  as  shown  in  equation  (4), 
and  thus  make  the  sum  of  the  losses  a  minimum.  If  the  trans- 
former had  been  designed  as  above,  this  condition  would  already 
have  been  established. 

Equation  (3)  gives  the  law  of  the  relation  of  the  copper  and 
iron  losses  in  any  transformer  and  shows  how  the  iron  loss  may 
he  decreased  at  the  expense  of  the  copper  loss,  or  vice  versa.  For 
instance,  if  the  iron  loss  of  a  transformer  be  reduced  to  80  per- 
cent of  its  former  value,  the  copper  loss  must  go  up  to  130  per- 
cent. Actual  economic  designs  do  not  in  every  case  conform  to 
all  the  proportions  of  the  theoretically  perfect  design,  since  there 
are  usually  practical  limitations  which  have  to  be  considered. 

There  is  another  more  complicated  case,  where  it  is  desired  to 
ign  a  transformer  whose  losses  are  fixed,  for  a  minimum  cost  of 
material.  This  is  the  condition  involved  in  the  design  of  distributing 
transformers.  In  the  design  of  transformer-  of  this  class,  as 
brought  out  above,  the  iron  loss  must  be  low  in  order  to  have  a 
all-day  efficiency,  and  the  copper  loss  musl  be  low,  to  give 
th<  Emulation  demanded  by  lighting  service.     Therefore  the 

problem  i-  not  one  of  designing  with  fixed  iron  and  copper  den- 
sities, but  the  densities  depend  upon  the  losses.  For  example,  if 
the  losses  are  very  low  for  a  particular  transformer,  the  iron  and 
copper  densities  will  he  low,  the  iron  and  copper  weights  will  be 
large  and  the  cost  of  the  transformer  correspondingly  high.  This 
pha=e  of  the  problem  may  also  be  worked  out  analytically  and 
the  cheapest  transformer  for  the  given  conditions  designed  at  the 
first  trial. 
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690 — Outline  Dimensions  of  Cen- 
trifugal Boiler  Feed  Pump  Will 
you  kindly  send  me  the  outline 
dimensions  of  complete  steam  tur- 
bine driven,  three-stage,  500  r.p.m. 
centrifugal  boiler-feed  pump,  as 
shown  on  page  256  of  the  March, 
'n,  number  of  the  JOURNAL,  in 
article  "Steam  Turbine  Considera- 
tions." Does  this  turbine  and 
pump  set  require  as  much  steam 
to  hold  up  water  level  on  five 
boilers  as  on  ten  boilers;  that  is, 
does  it  take  as  much  power  to 
churn    water    with    runner    in    ca 

to  put  water  into  boilers.  C.E.H. 
The  outlined  dimensions  of  the 
pump  described  are :  Length,  0  ft. 
3  in.,  width  3  ft.  8  in.,  heighth  4  ft. 
3  in.  Running  at  half  load,  the  pump 
will  take  about  75  percent  of  full- 
load  power.  By  referring  to  Power 
and  the  Engineer,  for  March  23rd, 
ioog.  p.  ^35  (article  on  "Character- 
istics of  the  Turbine  Pump,"  by 
Frederick  Ray),  information  may  be 
obtained  regarding  the  operation  of 
these    pumps.  E.D.D. 

691 — Allowable  Variation  in  Width 
of  Commutator  Bars  and  Mica — 
If  the  space  occupied  by  a  given 
number  of  commutator  bars,  such, 
for  example,  as  the  total  number 
of  bars  divided  bv  the  number  1  ' 
poles  of  the  machine,  be. observed 
at  various  sections  of  a  commu- 
tator, there  will  usually  be  found 
to  be  an  appreciable  variation.  Tn 
a  motor  of.  say,  100  to  200  hp. 
would  a  maximum  variation  of 
o.oi  to  0.02  inch  per  bar  be  allow- 
able, assuming  that  the  irregulari- 
ties in  adding  up,  would  tend  to 
compensate  each   other?  c.w.r. 

In  building  up  a  commutator,  the 
mica,  as  well  as  the  bars  will  vary 
in  thickness  and  it  would  be  com- 
mercially impossible  to  re.iect  bars 
or   mica   varying,    say,    .001".      On   a 


motor  of  100  to  200  hp,  having,  say, 
200  bars,    it    may    be    found   that    10 
bars    out    of    the    50    in    a    quadrant 
0.001"     large     while     an     equal 
amount    may    be    0.001"    small,    thus 
compensating   somewhat    for  the   er- 
The     permissible     amount     of 
variation  depends  on  the  type  of  ma- 
chine with   which  the  commutator  is 
used.      If    the    commutating   zone    is 
rather  wide;  i.  c.,  if  the  brushes  may 
be  shifted  a  certain  amount  without 
disturbing  commutation,   the   amount 
in  question  may,  of  course,  be  larger 
than  with,   for  example,  a  commutat-' 
ing-pole    motor    having    a    narrower 
neutral  zone  and   a   fixed  position  of 
the   brushes    for    either    direction    of 
rotation.    As  a   •        ral   rule,   it    may 
be   stated   that   the   variation    in    one 
quadrant    should    not    be    more   than 
the   thickness    of   the   mica   used   be- 
tween bars.  c.w.s. 
692 — Amount  of  Skewing  of  Com- 
mutator  Bars   Permissible  ---As- 
suming an  armature,  with  its  coils 
in  place  and  connected  to  the  com- 
mutator bars,  to  be  in  place  in  the 
motor   frame.     If  all  irregularities 
are    taken    into    account    such    as 
wearing     of     armature      bearings, 
variation    in    thickness   of    commu- 
tator bars  and  mica,  what  may  be 
considered    as    the    maximum     al- 
lowable   angle    between    the    center 
line  of  the  armature  bearings  and 
the   center    line    on    any  >m- 
mutator  bar?                                 v. v. 

Tf  reference  is  made  to  the 
amount  of  skewing  of  the  commu- 
tator bars  that  is  allowable  for  prop- 
er commutation,  it  may  hi 
that  the  commutator  bars  should  be 
as  near  parallel  to  the  axis  of  the 
motor  shaft  as  possible.  In  build- 
ing un  a  commutator,  it  is  sometimes 
found  that  the  mica  compresses  more 
on  one  side  than  the  other,  causing 
a   skewing  of  the  bars.     Such   com- 
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nur  .ken    apart    and 

build  com- 
mutal   rs  nj     apprecii 

C.W.S. 

693  —  Coal  Consumption  of  85 
Horse-power  Engine  and  Effect 
of  Altitude  What  figures  should 
b(  1 ,1   for  the  probable  < 

nsumption    per    indicated    hoi 

-team  plant  emploj  ing 
an    85    hp,    70    r.p.m.,    simple    non- 
odensing    Corliss    engine    with    a 
boiler  re  of   100  pounds  per 

square  inch,  running  at  practically 
full  load  and  supplied  with  steam 
from  an  ordinary  fire  tube  boiler 
with  natural  draft  and  using  a  fair 
tde  oi  steam  coal,  corresponding 
to  Eureka,  Clearfield  Co.,  Pa? 
Is  the  performance  of  the  engine 
or  boiler  affected  by  altitude, 
which  in  this  case  is  between  six 
and  seven  thousand  feet  above  the 
sea?  J.w.T. 

An  engine  economy  of  26.5  lbs. 
water  per  indicated  horse  power  hour 
mav  be  assumed  for  a  simple  Corliss 
-,ne.  This  is  practically  correct 
when  the  small  size  of  the  engine, 
and.  at  the  same  time,  the  gain  due 
to  the  lower  back  pressure  of  about 
three  lbs.  at  this  altitude,  are  taken 
into  account.  Although  Clearfield 
coal  is  a  high  quality  steam  coal,  it 
would  not  be  advisable  to  estimate 
an  evaporation  of  more  than  6.5  lbs. 
of  water  per  lb.  of  coal  as  fired, 
which  results  in  a  coal  consumption 
four  lbs.  of  coal  per  indicated 
An  allowance 
should  be  made  for  auxiliary  leal 
and  incidental  >ay,  ten  per- 

cent, making  the  final  quantity  about 
4.5  lbs.  Obviously  this  is  for  full- 
load  conditions  and  would  increase 
•'  r  lower  loads.  If  the  boiler  is  to 
be  kept  under  "stand-by"  with  full 
steam  pressure  for  any  lengthy  p<  ri- 
od.  the  plant  coal  consumption  will, 
of  -  ter.    Although  the 

ne  will  benefit  from  the  dimin- 
1  back  pressure,  at  the  higher 
altitude,  probably  no  perceptible  dif- 
ference would  be  found  in  the  boil- 
er, but  all  pressure  gauges  should 
be   carefully  calibrated   for  these  al- 

694 — Single-Phase    Generator    with 
Fields    Excited    by    Alternating- 
Current — Could     a     single-ph 
ge:  -   be   made   to   generate  a 


fluctuating    direct  current    by    ex- 
citing    the    fields    with    alternating 
current?     Assume   for  convenience 
a  generator  having  revolving  fields 
and    the    exciter   to    have   an   equal 
number    of    poles    and    direct-con- 
nected   to    the    main    generator    so 
that    the    relative    speeds    would   be 
fixed.      Assume,   also,   that  the  ze- 
ro   value    of    the    exciter    e.m.f. 
would    occur    when    the    main    field 
poles     were     midway     between    the 
armature   coils.      Now   as  the  poles 
approach    and    pass    under    the    ar- 
mature  coils   a  current   will   be  in- 
duced  in   a   certain   direction.  Then 
as    the    poles     pass    the    armature 
coils  again,  the  current  and  polar- 
ity  will    have   reversed,   thus   main- 
taining   a    unidirectional    current    in 
the     armature     circuit.       A     north 
pole     under     one     element     of     the 
winding    will   be   a   south   pole   un- 
dex    the    next    following    element, 
but    under    any    given    element   the 
polarity     will     always    remain    the 
same.      If    the    above    is    possible, 
would  the  inductance  of  the  fields, 
employing    flux    densities    usual    to 
alternator     fields,      interfere      with 
the  proper  reversals  of  magnetism 
in    the    fields    of   the    proposed   di- 
rect-current   generator?  B.H.n. 
This    suggested     arrangement     for 
obtaining    a     direct-current    type    of 
generator   is    discussed    in    an   article 
on     "Some     Phenomena     of     Single- 
Phase      Magnetic      Fields,"      in      the 
RNAL,     for     September,     1906,     p. 
488,     in     which     the     fallacy     of    the 
scheme    is    pointed    out.      Instead    of 
direct-current      being     obtained,     the 
machine    will    in    reality   give   single- 
phase   alternating   current    of    double 
frequency.  B.G..L. 

695 — Preparing  Storage  Batteries 
for  Shipment — 1  have  a  new  stor- 
age battery  of  the  Faure  type.  It 
has  been  charged  about  three 
times  and  now.  however,  owing  to 
alteration  in  the  plant  it  is  not 
required,  and  it  is  desired  to  pre- 
pare the  plates  for  shipment  in  a 
dry  state  so  that  they  will  not  de- 
teriorate and  can  again  be  placed 
in  acid  solution  and  charged  on 
their    arrival.  it.a.b. 

In  general  where  a  battery  is  to 
put  out  of  service  the  pro- 
re      should      be      as      follows: — 

Charge  the  battery  in  the  usual  man- 
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ner  until  the   specific  gravity  of  the 
electrolyte    of  every  cell  has   stopped 
ri>ing    over    a    period    of    one    hour. 
If    there    are    any    low    cells    clue    to 
short-circuits    or    other    causes,    they 
should    be    put    in    condition    before 
the   charge    is    started,    so    that    they 
will   receive  the   full  benefit.      If  the 
battery    is    of    the    vehicle    type    re- 
move   the    elements    from    the    jars, 
place  on   their   sides   with   the  plates 
vertical,     slightly    spread    the     plates 
apart    at    the    bottom,    withdraw    the 
separators  and  pull  the  positive  and 
negative  groups  apart.     Play  a  gen- 
tle stream  of  water  on  them  to  wash 
off    the    electrolyte    and   then    allow 
them   to    drain    and    dry.      The   posi- 
tives   when     dry    are     ready    to     be 
packed.     If  the   negatives   in   drying 
become    hot    enough    to    steam    they 
should   be   again    rinsed   or   sprinkled 
with    clean   water   and    then    allowed 
i"  dry  thoroughly.     When  dry,  com- 
pletely immerse  the  negative  in  elec- 
trolyte of  about    1.275  specific  grav- 
ity, and  allow  them  to  soak  for  three 
or    four    hours.      After    rinsing    and 
drying    they    are    ready    to     be     pul 
away.       Rubber      separators      should 
be     rinsed     in     water.       Wood     sep- 
arators      had       better       be       thrown 
away     and     new     specially     treated 
wood  separators   furnished  when  the 
battery  is   reassembled.     In   case  the 
battery    is    of    the    stationary    type, 
charge    the    cells    as    in    the    case    of 
the     vehicle     type,     being     sure    that 
there    are    no    low    cells,    siphon    off 
the    electrolyte,    fill     the    cells    with 
water  and  allow  the  plates  to  stand 
in    them    for    12   to    15    hours.     The 
elements   may   then   be   removed   and 
allowed    to     dry.       Rubber    or    glass 
tube    separators    should    be    rinsed ; 
wood    separators    if    new    should    be 
packed   and   the  bundle   tied   uo  with 
oilcloth    so    that    they    will    not    dry 
out,    and   in  turn   this  bundle   should 
be  packed  in  a  box  of  wet  sawdust. 
The   battery   should   then   be   packed 
for  transportation  in  the  same  man- 
ner that  it  was  packed  when  received. 
In    reassembling,    the   battery   should 
be    treated    as    a    new    battery,    and 
given    the   same    initial   charge   as    it 
received    when    it    was    first    set    up. 
See     "Care     and      Maintenance     of 
Storage    Batteries."    in   the   Journal, 
for  August,   1908,  p.  466.  L.H.F. 


696 — Calculating    Horse-Power    of 
Gas  Engine — Please  give  rule  for 
calculating  horse-power  of  gas  en- 
gine, using  producer  gas,  when  the 
diameter    of    cylinder,    stroke,    and 
speed  are  given.     Will   their  power 
be  in  proportion  to  the  volume  "t 
the  cylinder  (assuming  sea  level  1  ? 
In   what  proportion   do  suction  gas 
plants  vary  in  power  with  the  alti- 
tude at  which   they  work?        T.L.M. 
The    horse-power    of    gas    engines 
on    producer  gas  varies  a  great  deal 
with  the  skill  of  the  builder  and  with 
the  quality  of  gas.     With  gas  of  125 
b.t.u.    per    cu.    ft.,    such    as    is    usual 
with  anthracite  suction  type  produc- 
ers and  ordinary  engines,  the  power 
can    be    obtained    by    figuring    on     a 
mean    effective    pressure    of    60    lbs. 
per    sq.    in.    and    a    mechanical    effi- 
ciency of  85   percent.     With  increas- 
ing    altitude     the     indicated     horse- 
power   varies     with    the    barometer, 
while    the    difference    between    indi- 
cated   hp    and    brake    hp    is    constant 
and    is    about    15    percent    of    that    at 
sea  level  indicated  hp.  a.t.k. 

697  —  Book  on  Electric  Smelting 
and  Refining  of  Copper  and  Sil- 
ver— Please  give  name  of  a  good 
book  containing  complete  informa- 
tion on  the  electric  smelting  and 
refining  of  copper  and  silver.  What 
firms  make  apparatus  for  such 
work?  i.m.a. 

We  would  suggest  Borchers  "Elec- 
tric Smelting  and  Refining"  as  the 
best  book  of  which  we  know  on  elec- 
tric smelting  and  refining  of  copper 
and  silver.  The  price  is  $7.00.  Nu- 
merous kinds  of  apparatus  are  re- 
quired in  the  different  processes  of 
electric  smelting  and  refining.  We 
do  not  know  of  any  one  company 
that  makes  a  specialty  of  supplying 
all  of  the  desired  apparatus;  how- 
ever, by  referring  to  the  advertising 
pages  of  various  electrical,  mining, 
and  metallurgical  periodicals  infor- 
mation regarding  various  concerns 
may  be  obtained.  J.M.M. 

698  —  Power- Factor  of  Induction 
Motor — Is  the  power-factor  of 
an  induction  motor  the  same  for 
all  loads,  and  how  is  it  figured? 
Can  it  be  derived  from  the  data 
on  the  name  plate?  c.e.b. 

The  power-factor  varies   at  differ- 
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ent   loads.     It    is   usually   greater   at 

lull   load,   and   decreases   with   loads 

and  below   approximately   full 

innot  be  figured  from  the 

name    plate      The    power-factor    can 
be   measured  with   sufficient   accuracy 
ordinary    purposes,    in    lieu   of    a 
power- factor    meter,    by    determining 
r   phase   with   a   watt- 
meter,  and  the  volts   and  ampere  in- 
put for  the  same  phase  with  a  volt- 
and    ammeter.      Then    power- 
factor      equals      watts  -r-  (volts  X  am- 
peres) =  watts  -T-  k.v.a. 
699 — Material  for   Repairing   Elec- 
tric Irons — A — Where  can  I  ob- 
tain  liquid  enamel    such   as   is   used 
for  electric  irons?     b — Is  the  high 
resistance  wire  used  in  these  irons 
German   silver?      Where   can   it   be 
obtained?     c — How  is  the  wire  for 
the    heating    element    wound    and 
connected     for     alternating-current 
u*e?     d — In  repairing  them  I  have 
tried  French  chalk  and  shellac  for 
sealing  the   wires.  j.a.c. 

a — Suitable    material    can    probably 
be   obtained    from    any   of    the    1. 

By     experimenting     with 
various    glazes,    you    could    probably 
rmine  upon  a  proper  mixture  for 
the  purpose  in  question. 

b — Xo.     Several  of  the  steel  com- 
panies   manufacture    an    alloy    useful 
lectric  heating   resistance. 
c — A  non-inductive  winding  should 
he  used,  i.e.,  the  conductor  should  be 
wound   back   and    forth    so    that    the 
current  will   have  opposite   directions 
in  adjacent  sections  of  the  winding; 
the  conductor  may  he  wound  in  a 
coil  and  then  flattened,    d — The  com- 
pound ealing     the 
wires   i-   not   satisfactory   for   use   in- 
side the  iron  on  account  of  the  high 
temperature;    the    shellac    would    be 
driven   off,   leaving  powdered   chalk. 

E.E.B. 
700 — Adjustment  of  Tirrill  Voltage 
Regulator— A  Tirrill  voltage  reg- 
ulator   is    operated    in    connection 
with   a  125-volt,  30-kw  exciter,  di- 
rect-connected    to     a     three-phase 
induction   motor,  to  give   an   alter- 
nating-current    generator     voltage 
at   no  load   of   2  300  volts,   with   70 
on   the   exciter.     The  regula- 
ven  excellent  service  for 
However,    it    has 
given    trouble    lately    at    different 


times  from  pumping  of  voltage  at 
normal  load  and  when  there  are 
changes  of  load.  Contact  screw  19 
(as  per  instruction  book)  has  been 
examined  and  found  to  be  securely 
tightened  and  properly  adjusted. 
Levers  5  and  17  have  been  exam- 
ined for  friction  at  the  points 
where  core  stems  23  and  24  are 
attached.  In  fact  the  regulator  has 
been  examined  thoroughly  for  fric- 
tion and  loose  contacts  and  the 
wiring  has  been  examined  for  poor 
connections,  but  nothing  has  been 
found  amiss.  The  dashpot  has 
also  been  examined  and  all  adjust- 
ments with  the  exception  of  the 
relay  contacts  are  just  as  made  at 
the  factory  when  shipped.  The  re- 
lay contacts  are  kept  true  and  ad- 
justed at  1/32  inch.  With  65  volts 
on  the  exciter  the  white  line  on 
gauge  ^~  does  not  come  exactly  in 
line  with  the  underside  of  lever  5. 
Would    this    cause    any    pumping? 

E.L.B. 

From  the  information  given  ft 
would  seem  that  the  only  thing  nec- 
essary would  be  to  close  the  valve  in 
the  dashpot  slightly,  making  the 
dashpot  a  little  stiffer.  This  should 
In-  done  carefully,  however,  so  that  it 
will  not  be  made  stiffer  than  is  nec- 
essary. The  dashpot  adjusting  screw 
might  be  marked  and  raised  about 
one-fourth  of  a  turn  at  a  time  until 
the  right  point  is  reached.  The  grade 
of  oil  used  in  the  dashpot  has  a  great 
deal  to  do  with  the  operation;  there- 
fore the  adjustment  made  at  the  fac- 
tory may  not  hold  good  if  some 
r  kind  of  oil  has  been  used.  In 
rd  to  lever  5,  it  may  be  stated 
that  if  springs  /,  2  and  3  are  adjust- 
ed properly  in  accordance  with  in- 
struction hook  it  would  not  make  any 
material  difference  if  the  line  on 
block  Xo.  37  fh.es  not  come  exactly 
at  the  bottom  of  lever  5.  We  would 
suggest  that  the  exciter  field  rheo- 
stat be  examined  to  see  that  it  is  ad- 
justed in  accordance  with  adjustment 
and  sectionalizing  of  field  rheostat 
12,  Instruction  I'.ook  Xo. 
8358).  Tf  there  is  not  sufficient  re- 
duce included  in  the  circuit  by 
tns  of  the  exciter  field  rheostat, 
the  dash  pot  may  have  to  be  adjust- 
jtiff  for  tin-  prqper  operation 
of  the  regulator,  or  if  it  is  free  it 
may  cause  hunting.  a.a.i. 
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WITH  THE  PUBLISHERS 

With  the  present  issue  are  included 
two  supplements,  one  The  Title  Page 
and  Table  of  Contents  for  191 1,  and  the 
other  The  Eight-Year  Topical  Index. 


CIRCULATION  STATEMENT 

The  total  edition  of  The  Electric 
Journal  for  the  year  191 1  was  148,500 
copies,  thus  the  average  edition  for  the 
year  was  12,375  copies  per  issue. 


THE  PUBLICATION  COMMITTEE 

Owing  to  the  fact  that  Mr.  Chas.  F. 
Scott,  of  the  Publication  Committee  of 
the  Journal  has  removed  his  place  of 
residence  from  Pittsburgh  to  Xew 
I  Liven,  Conn.,  where  he  now  is  in 
charge  of  the  electrical  engineering  de- 
partment of  Sheffield  Scientific  School, 
Yale  University,  he  has  resigned  from 
the  Publication  Committee  and  Mr.  B. 
G.  Lamme  has  been  appointed  as  his 
successor.  Mr.  Lamme  has  been  on  the 
staff  of  the  Journal  as  associate  editor 
since  1904  and  hence  is  thoroughly  in 
sympathy  with  the  objects  and  aims  of 
the  Journal.  Mr.  Scott  is  to  be  re- 
tained as  one  of  the  associate  editors  of 
the  Journal  and  it  is  hoped  that  he  will 
be  able  to  continue  to  be  a  regular  con- 
tributor. 


THE  EIGHT-YEAR  TOPICAL    INDEX 

The  new  topical  index  is  a  48-page 
publication,  covering  all  of  the  issues  of 
the  Journal.  In  general,  the  article 
references  are  classified  in  this  index 
according  to  their  importance  under 
four  logical  headings :  "Generation," 
"Transformation,"  "Transmission"  and 
"Utilization."  In  looking  for  articles  on 
any  desired  subject  it  is  necessary  only 
to  keep  these  main  headings  in  mind. 
All  articles  which  have  been  published 
on  any  one  subject  will  be  found  classi- 
fied under  the  proper  topical  headings. 
An  outline  key  is  given  on  page  two  to 
assist  in  the  rapid  and  convenient  use 
of  the  index.  The  saving  in  time  and 
effort  in  locating  references,  which  is 
secured  by  the  use  of  this  method  of 
indexing,  have  gone  far  toward  making 
the  columns  of  the  Journal  popular 
and  valuable.  References  are  also  given 
throughout  the  index  to  answers  in  The 
Journal  Question  Box.  Copies  of  the 
Topical  Index  will  be  supplied  at  25 
cents  each. 


VOLUME  EIGHT 

The  volume  for  191 1  contains  1  148 
reading  pages,  as  compared  with  998  for 
1910  and  J~2  for  1909,  and  thus  is  con- 
siderably larger  than  any  previous  vol- 
ume. Copies  of  Volume  VIII  will  be 
available  after  February  1st.  Orders 
may  be  sent  in  at  any  time  and  will  be 
filled  in  order  of  their  receipt  as  soon 
as  the  volumes  are  received  from  our 
bindery.  The  old  price  of  $4.00  per  vol- 
ume will  still  be  in  effect  for  the  pres- 
ent, notwithstanding  the  continually  in- 
creasing size. 

Those  wishing  to  have  their  copies 
bound  should  forward  them  at  once 
with  the  Table  of  Contents  and  Index. 
The  charge  for  binding  is  only  $1.25. 
Missing  copies  of  191 1  issues  will  be 
supplied  at  25  cents  each. 


PERSONALS 


Mr.  Elbert  L.  Hyde,  recently  assistant  ex- 
aminer U.  S.  Patent  office,  Washington, 
I).  C,  has  become  associated  with  Fred- 
erick W.  Winter,  patent  attorney,  Oli- 
ver  Building,   Pittsburgh,   Pa. 


Mr.  Reginald  B.  Benger,  sales  man- 
ager of  the  carbon  brush  department  of 
the  Morgan  Crucible  Company,  of _  Lon- 
don. England,  is  at  present  making  a 
business  trip  to  the  United  States.  His 
company  is  just  starting  an  American 
branch  factory  in  Xew  York. 


Mr.  IT.  W.  Smith,  of  the  Milwaukee 
office  of  the  Westinghouse  Electric  & 
Mfg.  Company,  has  resigned  to  accept 
the  position  of  electrical  engineer  of  the 
Cleveland  Construction  Company.  For 
the  next  few  months  his  work  will  be 
principally  at  Michigan  City,  Indiana, 
adding  equipment  to  the  powerhouse  of 
the  Chicago,  Lake  Shore  &  South  Bend 
Railroad. 


Mr.  C  E.  Clewell.  who  has  been  for 
some  time  in  immediate  charge  of  shop 
and  office  lighting  of  the  East  Pitts- 
burgh works  of  the  Westinghouse  Elec- 
tric &  Mfg.  Company,  has  recently 
taken  up  work  in  connection  with  the 
illumination  division  of  the  detail  and 
supply  sales  department. 


The  Iron  Trade  Review  for  Decem- 
ber 21,  191 1,  contains  a  reprint  of  the 
article  by  Mr.  A.  G.  Ahrens,  entitled 
Power  Requirements  of  a  Steel  Tube 
Mill  from  the  Journal  for  December. 
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PITTSBURGH  SECTION— A.I.  E.  E. 

The  nexl    •      ting   of   the   Pittsburgh 

oi    the    American    Institute    ol 

•  5,    will    be    held    on 

Tuesday,  .'  ,  in  the  auditorium 

I  iliver   Build- 
The     major     paper     on     "Cen- 
tral   S  -  in  Coal  Mines,"  will 
be    pn  -              by    Mr.    \Y.    A.     Thomas, 

i  >f    the    Y\  esting- 
hous  trie    &    M         I     mpany.      [n 

this  paper  will  be  '1  the  require- 

mc:  .    the   probable   energy 

m  of  coal  mined,  the 
typical  small  mining  in- 
stallations,  the  probable   cost   of   power 
the     mine,     large     shaft 
ion     of     intermittent 
the  mine  due   to  market  or 
nd  the  general   prog- 
lopment    and    coal 
mining    work.      Mr.    Thomas    will    give 
rable      data      on      costs,      typical 
cur .  I    factors    and    results    of 

d  that  this  imp(  irtant 
will   be   discussed   by   a   number 
tninent    operators    and    engineers, 
paper  is  of  particular  interest  in 
the    i  district 


NEW  BOOKS 


"The  V  Circuit" — Vladimir  Kara- 

petoff,  283  ;  ns.  Pub- 

lished   by    McCraw    Hill     Book    Com- 
pany. Xew  York  City.     Price,  $2.00. 
Thi-  ther  with  the  compan- 

ion book  entitled  "The  Electric  Circuit," 
is   inter  e   the   theoretical    ele- 

ments neci  I  >r  the  correct  under- 

rformance  of  dynamo- 
electric  machinery,  transformers,  trans- 
It   contains  also  the 
ntial  numerical  relations  used  in  the 
predetermi:  f  the  performance  and 

in  the  design  of  electrical  machinery  and 
apparatus.  The  whole  treament  is  based 
upon  a  fundamental  facts  and 

ir  Karapetoff  main- 
tains   that    every    electric   machine    i 
particular    combinatioi  '.ectric    and 

magnetic  circuits,  and  that  the  perform- 
anc  :ch   must  be   based   upon   the 

fundamental  electromagnetic  relations 
rather  than  upon  ■  es- 

tablished for  each  kind  of  machinery. 
The  hook  is  r,  ded  for  beginn 

.Th      tr     tment    throughout    is    striking 
and.  in  many  particulars  original.     \\ 
ba=  :pon  the  circuital  relation, 

-'.inkage,  between  an  electric  cur- 
1  the  magnetic  flux  produced  by 
•id  the  law  of  indr 
electromotive  force,  are  taken  to  be  the 


fundamental     phenomena     of     electro- 
magnetism.     The  subject   is  treated  en 
tirely  from  the  point  of  view  of  an  elec 
trical  engineer,  and  the  important  rela- 

itions     and     methods     are     illustrated     by 

practical   numerical   problems,  of  which 
there  are  several  hundred  in  the  text. 


"The  Induction  Motor"— Benj.  F. 
Bailey;  225  pages,  [20  illustrations. 
Published  by  the  McGraw-Hill  Book 
( lompany.     Price,  $2.50. 

This  is  another  addition  to  the  already 
considerable  list  of  1 ks  on  the  in- 
duction motor.  It  deals  more  with 
practical  than  theoretical  considerations. 
A  limited  amount  of  space  is  devoted  to 
explanation  of  the  circle  diagram.  A 
chapter  is  devoted  to  starting  devices. 
There  are  numerous  illustrations  of  com- 
mercial apparatus.  Considerable  .attention 
is  given  to  design,  with  practical  exam- 
ple-. The  last  two  chapters  are  devoted 
to  the  single-phase  induction  motor. 
This  book  is  essential  a  text  hook  for 
engineering  students,  especially  for 
e  who  do  not  care  to  go  deeply  into 
the  theoretical   aspects   of  the   subject. 


"Electric  Railway  Engineering"  —  C. 
Francis  Harding.  330  pages,  138  Il- 
lustrations, Published  by  McGraw  Mill 
Book  Company,  New  York  City. 
Price,  $3.00. 

While  it  is  patent  that  this  book  is  in- 
led  For  11-.-  as  a  college  text-book  it 
will  doubtless  be  of  interest  and  value 
to  others  who  may  wish  to  gain  general 
information  on  the  subject  The  book 
i-  well  arranged  for  its  purpose,  begin- 
ning with  the  usual  outline  history  of 
ric  railway  development.  The  prin- 
ciple topics  discussed  are:  "Principles  of 
Train  Operation";  "Power  Generation 
and  Distribution";  "Equipment,  Includ- 
ing Brake  Construction,  Rolling  Stock, 
Motor-.  Control,  Brakes,  Car  Houses, 
Electric  Locomotives";  followed  by  a 
discussion  of  alternating  versus  direct- 
current  traction  and  of  electric  traction 
on  trunk  lines.  Evidently  a  book  in 
which  an  attempt  is  made  to  cover  such 
a  wide  field  and  can  no1  go  very  thor- 
oughly into  the  variou  ions  of  the 
ral  sub; 


POSITION  WANTED 

By  superintendent  of  electric  lines, 
light  and  power  station;  eleven  suc- 
cessful years  in  present  position. 
Wants  change  at  once.  Temperate 
man;  successful  handling  men.  Best 
of  references.  Address  No.  548,  care 
The  Electric  Journal,  Pittsburgh,  Pa. 
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One  of  the  most  interesting  announcements  which 
Extension  of  has  recently  appeared,  is  that  the  New  Haven  Rail- 
Electrification  road  Company  has  authorized  the  extension  of  its 
of  New  Haven  electrified  system  from  Stamford  to  New  Haven. 
Railroad  When  this  extension  is  completed  the  electrified 
zone  will  extend  from  Xew  York  to  Xew  Haven 
and  will  include  the  electrification  of  the  Harlem  Branch  with  its 
extensive  freight  yards. 

The  present  electrified  portion  may  he  considered  a  suburban 
proposition.  The  addition  of  the  Harlem  electrification  modifies 
this  condition  somewhat  by  adding  a  large  amount  of  freight  serv- 
ice located  within  the  suburban  zone.  The  extension  of  the  sys- 
tem to  Ww  Haven,  together  with  the  electrical  operation  of  all 
passenger  and  freight  service,  transforms  this  into  a  true  main 
line  railway  proposition. 

This  proposed  extension  is  a  marked  tribute  to  the  success- 
fid  operation  of  the  present  New  Haven  electrical  system  and 
to  the  courage  and  enterprise  of  the  railway  company's  engineers. 
In  studying  the  features  of  the  undertaking  as  a  whole,  the  far- 
sightedness of  the  railroad  company  in  making  its  plans  becomes 
quickly  apparent. 

In  the  preliminary  installation  for  example,  the  power  house 
was  located  at  Cos  Cob,  within  four  miles  of  one  end  of  the  elec- 
trified portion.  The  other  end  was  at  Woodlawn,  eighteen  miles 
distant,  and  the  great  bulk  of  the  service  was  thus  at  one  side 
of  the  power  house  and  a  considerable  distance  away.  The  electri- 
fication of  the  Harlem  Branch,  with  its  large  yards,  made  the  sys- 
tem appear  still  more  lop-sided.  The  proposed  extension  of  42 
miles  in  the  opposite  direction  to  Xew  Haven  and  its  yards  places 
the  power  house  more  nearly  at  the  central  point  of  the  service. 

Again,  with  the  extension  of  the  system  to  Xew  Haven  the 
value  of  the  use  of  11  000  volts  becomes  at  once  apparent,  since 
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it  render-  possible  the  use  of  the  same  trolle)    voltage  all  the  way 

Mew   Haven,   fed  directly  from  the  generator  terminals.     The 

leng  overhead  conductors  tied  to  the  Cos  Cob  generators  will 

-.1  over  500  miles. 

A  third  point  is  the  capacity  of  the  electric  locomotives  which 

were  installed  for  the  New  Haven  service.     Their  one-hour  rating 

was  lower  than  certain  other  types  of  locomotives  of   practically 

equal  weight,  but  againsl  this  their  continuous  rating  was  relatively 

high,  and  in  this  point  they  make  a  fine  showing  compared  with 

ether  type-.       The  locomotives  were  designed  primarily   for  long 

hauls  rather  than  for  short  hauls  such  as  are  required  in  terminal 

vice  alone.     The  extension  to  New  Haven,  with  runs  of  several 

hours    length,    requires    locomotives    designed    For    high    continuous 

rating  and  makes  apparent  the  reason   for  the  unusual  design  and 

rating  of  these  engines. 

There  are   several   other   features   in   this   system   which   have 
shown    at    a    disadvantage    in    the    preliminary    electrification,    but 
which  will  now  come  into  their  own.     All  of  these  point-  had  to  be 
kept  in  mind  by  the  Railway  Company's  and  the  manufacturers' 
engineers  in  making  the  original  lay-out  of  the  system.      Mad  the 
caured  to  current  practice  or  given  ear  to  all  the  criti- 
ci-m  of  the  original  plans,  a  preliminary  electrification  might  have 
n  in-tailed  along  lines  involving  less  risk,  experiment  and  devcl- 
lent.   hut  also   along  lines   which    would   not   have   allowed   the 
eventual  extension  of  the  system  without  encountering  greater  dif- 
ficulties than  are  incurred  in  the  adopted  system.    Probably  no  large 
electrical  undertaking  has  been   planned   with   more   foresight  for 
future  development  and  contingency  B.  G.  Lam  me 


The  illumination  of  factories,  offices  or  appar- 

The  atu-  may  be  effected  in  any  of  three  ways,  either 

Importance     by  general    (diffused),  by  individual    (spot)    light- 

of  Machine     ing  or  by  a  combination  of  the  two.     While  the  first 

Tool  Lighting  method  is  much  to  he  preferred  there  is  hardly  an 

installation  of  any  size  where  it  can  be  employed 

exclusively.    Recourse  is  therefore  usually  had  to  individual  lighting 

an   acces-  raid   nearly   all    instances   of    successful    interior 

illumination  on  a  large  scale  may  be  said  to  consist  of  a  combination 

•he  two  schemes  with  general  lighting  forming  the  major  portion. 

The  subject  of  illumination  has  received   such  scant  attention 
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from  the  public  at  large  that  the  tremendous  strides  made  in  it 
within  the  past  decade  have  been  as  yet  hut  dimly  appreciated.    As 

a  result,  the  designing  of  lighting  systems  in  many  new  office  and 
factory  huildings  still  continues  to  he  left  to  the  architect  who, 
heing  as  a  rule  totally  unfamiliar  even  with  the  fact  that  there  is 
any  science  connected  with  illumination,  leans  upon  so-called  shop 
electricians  for  advice,  with  the  natural  consequence  that  the  instal- 
lations are  in  a  majority  of  cases  thoroughly  had.  Further,  where 
a  lighting  system  has  once  been  installed,  the  proposition  is  generally 
considered  closed,  never  to  be  reopened  as  a  whole,  "patching" 
heing  instituted  thereafter  as  occasion  makes  necessary,  an  indi- 
vidual lamp  or  a  cluster  being  added  or  subtracted  now  and  again, 
until  even  the  original  scheme,  bad  as  it  may  have  been,  is  entirely 
outclassed  in  this  respect. 

In  any  scheme  of  lighting  there  are  certain  fundamental  require- 
ments which  must  be  fully  met.  These  are : — Uniform  illumina- 
tion, proper  intensity,  proper  quality,  reliability,  accessibility. 

When  these  conditions  have  been  fulfilled  the  following  results', 
as  pointed  out  in  a  previous  editorial  in  the  Journal,  will  be 
obtained : — 

Decrease  in  cost  of  operation  and  maintenance  of  the  lighting 
system  or  increase  in  the  quantity  and  quality  of  the  lighting  for  the 
same  cost. 

Greater  accuracy  in  workmanship  with  consequent  lessening  of 
defective  work. 

Increase  in  production  with  accompanying  decrease  in  cost. 

Reduced  liability  of  accidents. 

Lessening  of  eye-strain. 

More  cheerful  surroundings. 

Improvement  in  appearance  and  care  of  shop. 

Easier  supervision  of  the  workmen. 

The  many  types  of  lamps  now  available  covering  all  ranges  of 
units,  from  the  lowest  to  the  highest  candle-power,  enable  a  correct 
solution  of  practically  every  lighting  problem  to  be  made,  so  that 
little  can  longer  be  said  in  extenuation  of  poor  lighting  in  any 
establishment;  in  fact,  such  a  situation  will  soon  be  considered,  and 
rightly,  as  one  of  the  indications  of  bad  business  management. 

In  this  issue  of  the  Journal,  in  the  article  by  Mr.  C.  E.  Clewell, 
a  very  commendable  effort  has  been  made  to  point  out  and  to  urge 
the  advantages  to  be  derived  from  an  intelligent  study  of  the  prob- 
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re  particularly   with  reference  to  the  lighting  of  machine 

the  article  stress  is  laid  upon  general  illumination 

in  to  individual   lighting,  as  h   is  appreciated  that  the 

re  apt  to  be  of  a  less  permanently  satisfactory  nature 

than  the    former,   although   there   are,   of  course,     many     instances 

where  it  lutely  required. 

There  is  little  hesitation  on  the  part  of  the  average  manufac- 
turing concern  in  the  spending  of  tremendous  amounts  of  money  for 
the   purchase   of    machine    tools    where   commensurate    savings    arc- 
likely  to  be  effected.     Such  purchases  are  only  made  after  supposedly 
the  most  thorough  preliminary  investigation  in  each  instance,  which 
usually  further  reinforced  by  an  actual  demonstration  involving 
an  analysis  of  comparative  expenses,  time  -Indies,  etc..  yet  withall, 
the  lighting  of  such  tools  on  which  so  much  depends,  is  almost  in- 
variahly  overlooked  or  else  given  hut  secondary  consideration.   The 
per  lighting  of  a  tool  should  he  looked  upon  as  a  part  of  the  tool 
elf   and.   while  costing   far  less   in   up-keep   than    many   <>f   the 
wearing  partr-.  it  i-  nevertheless  just  as  important  that   the  lighting 
he  handled  in  exactly  the  same  way  and  maintained  at   it >  highest 
efficiency.  C.  B.  Auel 


THE  ELECTRICAL  EQUIPMENT  OF  THE  NEW  YORK 

PUBLIC     LIBRARY 

M.  C.  TURPIN 

Till".  New  York  Public  Library  on  Fifth  Avenue,  between 
40th  and  -i-'d  street,  being  the  most  recently  built  among 
the  great  structures  of  its  kind,  in  addition  to  its  interest 
to  the  public  in  general,  is  of  special  interest  to  the  engineering 
public,  on  account  of  the  generating  and  heating  equipment  and 
the  many  electric  and  mechanical  contrivances  which  have  been 
installed  to  aid  in  the  maintenance  of  the  building  and  the  care 
and  handling  of  the  books.  The  present  library,  which  includes 
the  Astor,  Tilden  and  Lenox  libraries,  comprises  over  one  and 
one-half  million  volumes,  for  which  a  total  of  over  400000 
running   feet  of   shelving  is  provided.     Seats  and  desk  room  are 


FIG.    1  —  NEW   YORK   TUBLIC  LIBRARY 

Located  on  Fifth  Avenue  between  40th  and  42nd  Streets. 

furnished  for  768  persons  in  the  main  reading  room  and  for  about 
1  750  persons  in  the  entire  building. 

THE    POWER    PLANT 

Electrical  energy  and  steam  heat  are  supplied  from  a  central 
power  plant  located  on  the  south  side  of  the  building  with  an  en- 
trance from  40th  Street  which  is  also  convenient  for  the  delivery 
of  coal  and  the  removal  of  ashes.  The  generators,  two  of  200 
k\v  and  two  of  500  kw  capacity  at  250  volts  direct  current,  are 
direct-connected  to  single  cylinder  non-condensing  engines  run- 
ning at  150  and  100  r.p.m.  respectively.  One  of  the  smaller  units 
is  located  in  each  end  of  the  engine  room  with  two  larger  units 
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in  the  center,  a^  shown  in   Fig.  2.     Thej    supply  currenl   for  the 
J  unit  the  building  and  Eor  about  71)  motors  aggregating 
500  horse-power.     The  engine   foundations  arc  of  concrete 
surrounded  on   the  bottom  and  sides  with  a  cushion  of  sand  to 
ind  vibration   from  being  transmitted  to  the  build- 
furnished  at   135  pounds  pressure   from  a  battery 
n<l  two  240  horse-power  boilers,  exhaust  steam  being 
heating  the  building  and  the  boiler  feed  water.     A  com- 


OM    TAKK.V    FROM    4~'  SIDE 

•    k\v  units  in  th<  round  and 

rd 

bination  coal  and  ash  conveyor  operated  by  a  10  horse-power  motor 
lifts  the  coal  into  hopper-,  weighs  it  and  also  removes  the  ashes. 
The  sew-':.  m  the  engine  room  i-  pumped  to  a  well  under  the 

iior-c-power  motor-driven  pump  from  which 

nt  it  i-  removed  to  the  city   -ewer.     An   18  hor.-.c-power  motor 

used  to  drive   a  blower  that   brings   air   from  the   attic  to  the 

engine  room,  and  forces  the  heated  air  to  the  boiler  room  thereby 

cooling  the  former  and  increasing  the  heat  in  the  latter. 
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The  engine  room  is  partially  illuminated  by  twelve-lamp  in- 
candescent clusters  with  porcelain  reflectors  mounted  on  the  gen- 
erators— a  form  of  power  house  lighting  quite  prevalent  in  former 
years,  Inn  very  little  used  of  late.  'I  lie  remainder  of  die  illumina- 
tion i-  furnished  by  clusters  mounted  around  the  sky  lights  in  the 
ceiling. 

A  storage  battery  oi  141  cells  is  provided  for  taking  care  of 
the  lighting  from  10  o'clock  at  night  until  morning,  and  for  emerg- 
ency use  in  case  of  any  accident  to  the  generating  equipment. 
The  battery  is  controlled  from  the  switchboard,  a  low  reading 
voltmeter  being  so  eonnected  that  the  voltage  of  each  of  the  34 
end  cells  can  he  read  independently  of  the  others.  A  one-half 
horse-power  motor  operates  the  end-cell  switches.  The  battery 
i-  charged  by  a  nn  'tor-generator  set  consisting  of  a  20  horse-power, 
1  100  r.p.m.,  motor  direct-connected  to  a  13  kilowatt  shunt  wound 
generator  adjustable  for  voltages  up  to  no  volts.  An  exhaust  fan 
driven  by  an  eight  horse-power  motor,  carries  the  acid  fumes  of 
the  battery  away  to  the  roof  through  a  lead  duct. 

'Decidedly  the  most  interesting  feature  in  the  engine  room  i- 
the  handsome  white  Italian  marble  switchboard  which  was  built 
according  to  the  specifications  of  the  engineers  for  the  building. 
This  hoard  consists  of  twelve  panels,  four  for  the  control  of 
the  generators,  one  totalizing  panel,  one  storage  hattery  panel  and 
the  remaining  six  fm-  the  various  power  and  lighting  circuit- 
in  the  building.  Its  height  from  the  floor  line  is  12  feet  7  inches 
including  a  six-inch  marble  cornice  that  adds  very  greatly  to  the 
attractive   appearance   of   the    structure. 

The  generator  panels  Fig.  3  (on  the  right),  are  equipped 
with  illuminated  dial  ammeters  and  voltmeters;  rheostat  mount- 
ings; equalizer  switches,  and  small  knife  switches  for  controlling 
the  cluster  lights  on  the  generators  and  the  instrument  lamps.  A 
very  complete  system  for  voltmeter  readings  has  been  arranged  by 
use  oi  the  differential  meters  and  a  10-point  voltmeter  switch,  so 
that  the  voltage  of  the  bus-bar,  incoming  machine,  distribution 
centers  in  the  building,  ground-,  battery  on  charge  and  discharj 
and  individual  end  cells  may  be  read  from  the  generator  section  of 
the  board. 

Xext  to  the  generator  panels  i^  the  recording  meter  panel 
which  are  placed  a  graphic  recording  voltmeter  and  ammeter   for 
registering  the  voltage  and  current  of   the  system,   two  watthour- 
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meters,  one  for  recording  the  energy  delivered  by  the  generators 
and  one  for  that  delivered  by  the  storage  battery.  A  two-pole, 
double-throw  switch  for  transferring  the  power  plant  lighting  load 
from  the  generators  to  the  battery  is  also  mounted  thereon  in  a 
horizontal  position. 

The  battery  panel  contains  a  double  reading  ammeter  and  dif- 
ferential voltmeter  for  indicating  the  current  and  voltage  on  charge 
and  discharge  of  the  battery;  the  control  apparatus  for  the  motor- 
generator  charging  set;  a  donhle-pole.  double-throw  switch  for 
transferring  the  load  from  the  generators  t<>  the  battery  and  vice 
versa,  and  a  portahle  voltmeter  for  reading  the  voltage  of  the  end 
cells. 
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FIG.    3 — WHITE   ITALIAN    MARBLE   SWITCHBOARD,    SHOWING    GENERATOR,    RE- 
DING  AND  BATTERY   SECTIONS,  AND   THREE  OF  Till     FEEDER   SECTIONS 

The  feeder  panels  contain  double-pole,  single-throw  knife 
switches  and  open  link  fuses  of  different  capacities  for  controlling 
the  various  feeder  circuits  which  run  throughout  the  building.  Under 
each    f  placed  a   removable  marble   strip    for  protecting  the 

marble  of   the   main   board    from   discoloration.      The    strips   may 

ily  be  removed  for  cleaning.  These  panel-,  are  equipped  with 
individual  lights,  while  the  other  panels  receive  their  light  from  the 
illuminated  meter  dials. 

All    connections    on    the    rear    of    the    board    to    the    various 

itches  are  made  by  means  of  copper  bars  while  those  to  the 
instruments  are  made  with  a  covered  wire.     The  wiring  at 
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the  back  of  the  board  is  dune  in  a  neat  and  careful  manner,  the 
switch  studs  being  cut  to  varying  lengths  to  suit  the  cables  coming 
up  through  the  floor.  Copper  rods  covered  with  circular  loom  are 
used  to  connect  the  switch  lugs  to  the  feeders  on  the  top  of  the 
board.  The  entire  board  is  surmounted  by  26-inch  marble  sections, 
in  the  center  one  of  which  is  placed  a  large  clock,  and  on  the  top 
of  these  sections  is  a  six-inch  marble  cornice.  The  space  between 
the  rear  of  the  board  and  the  wall  is  enclosed  by  copper  grill-work 
doors,  which,  permit  easy  access  but  at  the  same  time  keep  out  un- 
authorized persons. 

The  feeder  circuits  between  the  switchboard  and  any  lamp  or 
motor  are  designed  for  a  drop  not  to  exceed  five  percent  and,  as 
some  of  them  run  from  the  plant  to  the  extreme  end  of  the  build- 
ing, a  voltage  of  250  was  chosen  in  order  to  limit  the  copper  neces- 
sary  for  these  runs. 

The  electrical  equipment  for  the  power  plant  was  provided  by 
the  Westinghouse  Electric  &  Mfg.  Company.  An  interesting 
feature  is  that  it  was  furnished  practically  according  to  the 
same  plans  and  specifications  that  were  originally  drawn  by  consult- 
ing engineers  over  fourteen  years  ago,  when  the  work  on  the  Library 
was  first  started. 

THE    HEATING    AND    VENTILATING    SYSTEM. 

The  Paul  system  of  exhaust  steam  heating  is  used,  the  radi- 
ators being  placed  along  the  outside  walls  of  the  rooms,  and  de- 
signed to  take  care  of  the  radiation  through  the  outside  walls  only. 
In  addition  a  ventilating  system  is  provided  with  capacity  for 
changing  the  air  in  the  rooms  from  two  to  six  times  per  hour, 
depending  on  the  location.  Leather  bindings  of  books  are  injured 
by  dry  air,  so  that  it  is  necessary  to  provide  a  system  of  ventilation 
by  means  of  which  the  humidity  of  the  air  is  increased.  Large 
screens  are  used  through  which  the  air  is  filtered,  after  which  it 
passes  through  heaters  supplied  with  exhaust  steam  from  the 
engines  and  again  through  tanks  of  water  or  humidifiers,  so' as  to 
get  the  proper  degree  of  moisture.  In  this  system,  the  air  comes 
in  at  the  top  and  is  exhausted  from  the  bottom  of  the  room  —  con- 
trary to  the  generally  accepted  theory  of  ventilation.  Motors  ag- 
gregating 105  horse-power  are  utilized  for  driving  the  various  ex- 
haust and  ventilating  fans. 

VARIOUS    MOTOR    APPLICATIONS 

There    are    numerous    motor    driven    devices    throughout    the 
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building,  which  are  of  great  assistance  in  the  maintenance  of  the 

library. 

All  of  the  books  are  cleaned  by  the  vacuum  process.  The  ma- 
chines arc  located  in  the  engine  room  forming  a  central  plant,  and 
pipes  nm  to  various  points  throughout  the  building,  one  outlet 
being  placed  in  every  hall.  Remembering  the  fad  that  there  are 
a  million  and  a  half  volumes  to  be  cleaned,  it  may  easily  be  realized 
what  an  enormous  task  is  involved,  especially  in  view  of  the  fact 
that  they  are  cleaned  systematically  every  two  or  three  months. 
By  the  old  method  of  cleaning  it  was  necessary  to  take  each  volume 
off  the  shelf  individually,  clean  it  with  a  duster  or  brush  and  re- 


nt 4 — METHOD  EANING  BOOKS  AND  SHELVES   BY 

VACUUM    PBOC1 

place  it.     This  i;  a  laborious  and  very  inefficient  method  because  it 

le  to  remove  all  the  dust   from  a  volume  in  this 
manner,  and  that  which  i-  removed  simply  becomes  transferred  to 
me  other  book  or  location.     The  method  now  in  use  is  shown  in 
_r.  4.     A   squad  of  three  men,  consisting  of  a   foreman  and  two 
workmen,   i>  emplo;  The   foreman   supervises   the   work;  one 

man  places  the  books  on  the  floor  in  groups  of  four  or  five  at  a 
time,  and  then  replaces  them  while  the  remaining  man  operates  the 
cleaner.     This  device  »f  a  circular,  long  haired  brush  at- 

tached to  a  hose,  which  is,  in  turn,  attached  to  one  of  the  outlets.. 
The  tv  hold  the  group  of  books  on  the  floor  in  the  same 

ler  in  which  they  set  on  the  shelves  and  then  the  brush  is  run 
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over  the  tops,  and  afterwards  over  the  shelf  from  which  they  have 
been  removed.  By  this  system  the  Books  are  cleaned  rapidly,  and 
the  dust  and  dirt  arc  actually  removed  from  the  books  and  room, 
instead  of  being  transferred  from  one  portion  of  the  room  to  an- 
other. As  an  example  of  the  advantages  gained  by  this  method, 
it  may  be  noted  that  in  cleaning  the  Stewart  collection  of  25000 
volumes,  where  such  cleaning  formerly  took  about  a  week,  it  now 
requires  only  about  five  hours. 


FIG.    5 — CLEANING   FRONT   STEPS  OF  L1T.RARY 

The  scrubbing  is  done  by  the  machine.    The  floor  is  then 
rinsed  and  dried  by  the  men  with  brooms  and  mops. 

The  cleaning  of  the  floors  of  the  building  is  itself  an  enormous 
task  and  is  effected  every  day.  The  cleaning  is  done  by  washing 
and  scrubbing,  no  sweeping  being  permitted.  An  International 
floor  machine  is  used,  consisting  of  an  electric  motor  mounted  on  a 
base  or  standard  to  which  may  be  fastened  any  one  of  several 
attachments  for  grinding,  scrubbing,  refinishing  or  polishing  the 
floors.  A  rotary  motion  is  given  to  the  attachment  by  means  of  the 
motor,  resulting  in  an  effective  removal  of  the  dirt  and  a  good 
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lish.  To  clean  all  the  steps  of  the  building  by  tbe  former  band 
method  required  the  time  of  four  or  five  nun  for  a  period  of  two 
and  a  half  days,  while  by  the  modern  method,  shown  in  Fig. 
5,  it  requires  less  labor  and  only  about  tbree  hours  time. 

As  will  be  noted  from  Fig.  6,  the  vacuum  cleaners  arc  also 
used  to  clean  the  interior  wood  work.  Tbe  standard  circular  brush 
is  used  for  general  work  and  special  ones  are  used  for  cleaning  in 
crevice-  and  intricate  designs  of  tbe  woodwork. 

Another  application  of  motor  drive  is  that  of  tbe  book  lifts 


FIG.    6 — CLEANING    WOOD   AND    PANEL    WORK    IN    READING    ROOM    BY    MEANS 

OF  VACUUM    PROCESS 

which  comprise  a  very  elaborate  system.     These  lifts  are  w~c<\   for 

conveying  tbe  books  from  one  to  tbe  otber  of  tbe  seven  floors  or 
levels  of  shelves.  'Ibis  arrangement  is  entirely  automatic.  An 
attendant  on  any  floor,  by  pressing  a  button,  may  bring  the  car  to 
tbe  desired  floor.  1  before  tbe  mecbanism  will  operate,  however, 
all  the  doors  must  be  closed,  or  tbe  lift  will  not  start.  They  operate 
in  a  manner  similar  to  tbe  automatic  elevator-;  now  in  use  in  many 
private  residences  and  apartment  houses.  Nine  six  horse-power 
motors  are  used  to  drive  these  elevators,  each  of  which  has  a 
capacity  of  250  pounds  at  a  speed  of  150  feet  per  minute. 
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Two  passenger  elevators,  running  from  the  basement  to  the 
third  floor,  have  a  capacity  of  5  000  pounds  at  a  minimum  speed 
of  200  feet  per  minute,  and  3  000  pounds  at  250  feet  per  minute. 
These  are  each  driven  by  a  40  horse-power  motor,  while  a  15 
horse-power  motor  is  used  to  operate  a  freight  elevator  with  a 
capacity  of  3000  pounds  at  150  feet  per  minute.  An  elevator  with 
a  capacity  of  3  000  pounds  at  50  feet  per  minute  between  the  engine 
room  and  the  sidewalk,  for  delivering  supplies,  is  operated  by  a  12 
horse-power  motor. 

Among  the  numerous  activities  carried  on  by  this  institution, 
is  a  fully  equipped  printing  plant  and  book  bindery  operated  by 
thirteen  motors  aggregating  53  horse-power.  The  plant  consists  of 
four  linotype  machines,  four  bed  presses,  one  folder,  several 
cutting  machines  and  a  fully  equipped  book  bindery.  It  is  used  to 
print  catalogues,  cards,  directories,  indexes  and  job  work  incident 
to  the  care  of  a  library  of  such  magnitude.  A  completely  equipped 
machine  shop  is  another  important  accessory,  having  nine  one 
horse-power  motors  driving  machine  tools  of  various  kinds.  A  two 
horse-power  motor  operates  the  pneumatic  tube  exhaust  system, 
which  is  used  to  transmit  orders,  requests  and  receipts  for  books, 
and  similar  work.  The  system  is  similar  to  that  used  in  large 
stores  for  transporting  cash  and  order  slips.  In  addition,  there  are 
two  motor-generator  sets  for  supplying  low  potential  current  for 
call  bells,  gongs,  fire  alarm,  private  telephones,  intercommunicating 
telephones,  book-conveyor  and  pneumatic  tube-signal  systems,  and 
time  clocks  of  which  there  are  75,  all  controlled  by  one  master  clock. 
A  30-volt  motor-generator  set  is  used  to  charge  the  storage  batteries 
of  two  electric  automobiles  used  in  the  transfer  of  books  about  the 
city  and  general  haulage  work  of  the  library. 

An  idea  of  the  extent  of  the  plant  may  be  had  from  the  fact 
that  a  force  of  95  employees  is  maintained  for  the  operation  and 
maintenance  of  the  buiiding  alone  —  not  including  the  library  em- 
ployees proper.  The  power  plant  is  operated  in  three  shifts  by  an 
engineer,  fireman,  oiler,  coal  passer,  and  two  helpers. 
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LIGHT  is  the  term  now  commonly  employed  to  indicate  the 
cause,  while  illumination  is  used  to  indicate  the  effect  pro- 
duced by  the  lamp.  This  article  sets  forth  a  study  of  both 
cause  and  effect  in  their  relation  to  the  successful  operation  of  ma- 
chine tools  at  those  portions  of  the  day  when  artificial  lighting  facil- 
ities are  required. 

In  a  broad  sense  the  most  advantageous  scheme  of  illumination 
in  the  shop  is  that  wherein  the  source  of  light  is  separate  from  the 
machine.  This  insures  a  resulting  illumination  on  the  tool  adequate 
both  in  quantity  and  direction  under  certain  conditions  to  permit  of 
the  most  rapid  and  accurate  work.  Many  advantages  commend  this 
method ; — the  lamps  are  not  in  the  way  of  the  workmen ;  the  sur- 
roundings, as  well  as  the  machine,  can  thus  be  properly  illuminated; 
and  the  work  is  simplified  on  account  of  an  absence  of  dark  spots 
and  marked  shadows.  Some  cases,  however,  arise  where  over-head 
illumination  will  not  give  satisfactory  results.  Among  the  points 
which  will  be  taken  up,  in  the  consideration  of  the  satisfactory 
illumination  of  these  special  cases,  will  be  the  cost  relations  of  ma- 
chine tool  operation,  schemes  found  advantageous  in  mounting  the 
lamps  on  the  machines,  and  methods  employed  for  concentrating  the 
light  at  the  point  of  operation. 

ITEMS    IX    THE    COST   OF    OPERATION* 

Much  development  work  has  been  conducted  for  the  purpose  of 
improving  and  perfecting  the  mechanical  features  of  machine  tools, 
methods  of  driving  and  accessories.  Notwithstanding  these  im- 
provements, one  of  the  vital  and  essential  items  relating  to  the 
operation  of  these  highly  efficient  machines  is  the  man  in  charge. 
His  efficiency  i-  often  the  controlling  element  in  the  resulting 
product.  It  is  this  man-efficiency  with  which  we  are  most  con- 
cerned in  a  consideration  of  one  of  the  elements  which  contributes 
to  success  or  failure. 

Up  to  the  present  time  the  illumination  which  is  necessary  to 
aid  the  employee  in  his  work  has  been  largely  neglected  in  the 
development  of  machine  tools,  and   seldom  is  there  to  be  found  a 


*The  following  items  as  related  to  machine  shops  are  adapted  Erora  an 
article  by  the  author  in  the  American  Machinist  under  the  title,  "The  Artifi- 
cial Lighting  of  Machines." 
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machine  tool  where  the  lamp  has  been  embodied  as  a  part  of  the 
mechanism  by  the  manufacturer.  In  most  cases  this  item  is  left  to 
the  judgment  of  the  user  of  the  machine  and  has  in  the  past  been 
given  but  slight  attention. 

As  indicating  the  economy  of  placing  more  than  passing  care 
on  the  lighting  of  these  machines  an  actual  instance  is  here  cited. 
The  maintenance  and  energy  cost  of  certain  individual  lamps  in  a 
particular  shop  amounted  to  about  25  cents  per  month  per  lamp. 
The  man  whose  work  was  influenced  by  one  of  these  lamps  during 
that  part  of  the  day  when  natural  light  was  inadequate  received  as 
wages  approximately  $3.00  per  day.  The  maintenance  and  energy 
cost  of  the  lamp,  amounting  to  about  one  cent  per  day  was  equal, 
therefore,  to  the  wages  for  about  two  minutes  per  day.  The  losses 
due  to  a  poor  location  of  this  lamp,  or  to  the  necessity  of  holding  the 
lamp  in  the  hand  for  certain  portions  of  an  operation,  can  hardly  he 
^^^^^^^^^^^^^^^^^^__^  estimated     in      minutes, 

since  by  defective  work 
or  by  time  wasted 
they  may  exceed  the 
cost  of  an  improved 
lamp  many  times  over. 
This  instance  is  given 
merely  to  indicate  the 
fig.  1— chart  showing  hourly  charges     importance    and    at    the 

AGAINST  A   TYPICAL    MACHINE   TOOL  same     time     the     economy 

of  devoting  considerable  attention  to  the  perfecting  of  devices  for 

suitably   mounting   the   lamps   and    for    directing   the   light   where 

needed. 

TABLE  J— AVERAGE  CHARGES  PER  HOUR  AGAINST  A 
TYPICAL  MACHINE  TOOL.* 

Variable   charges    $1,100 

Salaries    600 

^Yages  of  operator   300 

Interest    150 

Depreciation    150 

Fixed  charges    060 

Power,  for  motor  drive    020 

Power,  for  individual  lamp 001 


Total    $2,381 

A  study  of  Fig.  1  and  Table  I  will  show  the  relative  charges 


*These  average  values  are  taken  from  a  table  of  charges  in  an  ar- 
ticle by  Mr.  A.  G.  Popcke,  in  the  Journal  for  Dec,  1909,  p.  760. 
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which  arc  made  against  a  typical  machine  tool  in  a  given  shop, 
and  furthermore  that  the  lighting  of  the  machine  is  one  of  the 
smallest  items  connected  with  the  entire  expense.  The  main  point, 
however,  is  the  fact  that  while  the  lighting  is  shewn  to  be  one  of  the 

•  (  xpense  items,  it  is  far  more  important  in  its  relation  to  the 

-fill  operation  of  the  machine  than  many  of  the  other  items 

involved  in  this  expense  chart.    Light  is  therefore  obviously  a  matter 

which  should  concern  the  shop  manager,  and  this  will  doubtless  be 

more  the  case  in  the  future  than  in  the  past  as  the  attitude  changes 


2 — MACHINE     TOOL     AS     FORMERLY     FIG.      3 — THE     SAME      MACHINE     AS 
ILLUMINATED      BY       AN       INDIVIDUAL  SHOWN    IN    FIG.    2,     iLI.r  M INATEI)    BY 

LAMP  A    LAMP    NEAR    CEILING 

so  that  the  question  is  viewed  as  one  of  the  important  factors  for 
promoting  man-efficiency. 

Till;    MOUNTING  OF  THE  LAMP 
The  mounting  of  lamps  for  individual  machine  tool  lighting  may 
be  divided  into  two  classes; — first,  where  the  lamps  are   mounted 
arate  and  apart  from  the  machine;  and  second,  where  the  lamps 
are  attached  directly  to  the  machine. 

It  has  been  found  by  extensive  experiment  that  in  some  cases 
the  only  unusual  feature  involved  in  properly  lighting  a  piece  of 
work  in  a  machine  is  to  provide  more  side  light  than  i-  ordinarily 
afforded  by  lamps  mounted  at  the  ceiling  or  at  the  girder  line.  In 
certain  cases,  however,  it  has  been   found  possible  to  eliminate  the 
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necessity  for  individual  lamps  by  using  special  reflectors  on  overhead 
lamps,  which  are  capable  of  sufficiently  increasing  the  side  light.  Jn 
Fig.  2,  for  example,  a  machine  tool  is  shown  as  formerly  illuminated 
by  an  individual  lamp,  which  is  now  adequately  illuminated  by  over- 
head lamps  slightly  lowered  from  the  ceiling  and  provided  with 
suitable  reflectors,  as  shown  by  Fig.  3.  This  is  exceedingly  ad- 
vantageous as  the  workman  is  thus  saved  the  inconvenience  of  at- 
tending to  a  drop  lamp  which  is  constantly  in  his  way  and  is  liable 

to   frequent  breakage. 

In  one  large  shop, 
after  careful  observation 
of  the  relative  floor  space 
iccupied  by  machine  tools 
and  the  adjoining  space 
used  for  storage  of  ma- 
terial, tools  and  the  like, 
it  was  found  that  for 
every  square  foot  occu- 
pied by  the  machine 
proper,  approximately 
Dne  square  foot  was  used 
for  the  other  purposes 
mentioned.  This  serves  to 
indicate  the  relative  ad- 
vantages when  a  given 
lamp  can  be  mounted 
somewhat  above  the  ma- 
chine tool,  in  that  the  il- 
lumination is  thus  util- 
ized both  on  the  tool  and 
on  the  adjoining  floor 
space.  This  advantage  will  be  realized  further  when  consideration 
is  given  to  the  necessity  for  using  portions  of  the  floor  space  im- 
mediately surrounding  the  machine  tool  when  looking  for  mate- 
rials, scales,  or  other  accessories  to  the  work  in  hand. 

A  machine  tool  is  shown  in  Fig.  4  which  has  been  lighted  suf- 
ficiently by  lowering  lamps  formerly  mounted  at  the  ceiling,  to  a 
height  depending  upon  the  dimensions  of  the  machine,  while  Fig.  5 
indicates  a  lathe  which  has  been  adequately  lighted  by  the  lamps  at 
the  ceiling,  13  feet  above  the  floor,  the  lamps  having  been  augmented 
in  the  matter  of  side  light  by  special  reflectors. 


FIG.      4 — MACHINE      TOOL      ADEQUATELY      ILLUMI- 
NATED   BY    LOWERING    THE    OVERHEAD    LAMPS 
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In  the  foregoing  cases  it  will  have  been  noted  that  the 
rk  in  the  main  is  looked  at  from  above,  so  thai  upper  .surfaces  of 
the  work  arc  the  important  portions  requiring  light.  The  foregoing 
instances  show,  in  like  manner,  the  ver)  practical  methods  which  can 
be  used  in  mounting  the  lamps  when  thej  m;i\  be  entirely  separate 
from  the  machine  itself. 

In  certain  machine  operations,  however,  the  work  must  often 
be  viewed  not  only  from  the  side  but  ah"  from  below,  and  here  the 
difficulties  of  an  overhead  mounting  are  experienced.  In  one  factory 
Ideation,  as  an  example,  milling  machines   were   used   exclusively. 


.  5 — LATJIK  ADEQUATELY   ILLUMINATED  BY   LAW 

Thi  in  the  background  h  n  turned  out   to  intensify  in  the 

the  eft'  lighl  "ii  the  machine. 

Much  belting  made  overhead  lighting  difficult,  hut  nevertheless  an 
endeavor  \va-  n  solve  the  problem  without  the  aid  of  individ- 

ual lamps.  The  intensity  of  the  illumination  from  the  lamps  over- 
head was  in<  i  from  time  to  time  until  the  number  of  units  was 
much  in  excess  of  that  required  for  bench  work,  and  while  sufficient 
for  the  top  and  in  i;  es  for  the  side  of  the  work,  was  not  satis- 
for  the  under  portions  of  the  work  in  question.  Finally  a 
hracket  composed  of  iron  pipe  sections  was  devi  ed  a  indicated  in 
Fig.  6,  which  permitted  the  lamp  to  he  moved  through  a  fairly  large 
radius  in  all  directions,  and  the  workman  was  thus  enabled  to  adjust 
the  lamp  to  the  point  of  importance. 
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Another  case  is  thai  of  large  boring  mills.  ( )ne  scheme  which 
has  proven  quite  satisfactory,  where  the  machine  is  located  relatively 
close  to  the  wall  of  the  building,  is  shown  in  Fig.  ~.  1  [ere  the  lamp 
is  suspended  on  a  swinging  arm  attached  to  the  wall  directly  behind 
the  machine.  Where,  however,  the  machine  is  nearer  the  center  of 
the  shop,  this  swinging  arm  may  be  attached  directly  to  the  vertical 
portion  of  the  machine.  Still  another  scheme  is  shown  in  Fig.  8 
where  the  work  is  so  close  to  the  operator  that  a  device  was  made 
necessary  wherein-  the  lamp  could  be  held  firmly,  close  to  the  work 
and  yet  not  in  the  way. 

THE  IMPORTANCE  "1'  PROPERLY  DIRECTING  THE  LIGHT 
The  suitable  direction  of  the  light  on  the  work  is  by  far  the 
most  important  of  the  factors  under  consideration.     Many  workmen 
by  their  own  ingenuity  have  devised  methods  of  mounting  lamps  for 

their  particular  needs,  some  very  crude,  but 
none  the  less  valuable.  The  feature  of  proper- 
ly directing  the  light  where  required  is  of  two- 
fold importance;  first,  in  the  avoidance  of  the 
glare  caused  by  looking  directly  into  the  lamp 
when  no  shade  or  reflector  is  provided,  and 
second,  in  order  to  utilize  the  light  where  most 

fig.  6— simple  brack-  needed. 
et  attached  to  jile    distribution   of   light   in   an    approxi- 
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with     individual  mate  manner  when  the  lamp  hangs  suspended 
LAMP  pendant  without  a  shade  or  reflector  is  shown 

in  Fig.  9.  A  reference  to  the  tool  which  this  lamp  is  supposed  to 
light  will  show  that  practically  all  of  the  light  from  the  lamp  is 
wasted  in  directions  which  are  not  effective  on  the  tool  itself.  As- 
suming that  the  workman  stands  to  the  left  with  his  eyes  about  on  a 
level  with  the  lamp,  it  will  be  apparent  that  not  only  do  the  light 
rays  fail  in  properly  lighting  the  tool,  but  that  a  large  portion  falls 
directly  in  his  eyes.  It  is  a  matter  of  common  experience  that  to  look 
directly  into  a  lamp  when  attempting  to  view  an  object,  produces  a 
blinding  effect  which  greatly  reduces  the  efficiency  of  vision,  and  this 
is  one  of  the  most  common  blunders  made  in  machine  tool  lighting 
at  the  present  time. 

Many  workmen  provide  a  shade  of  some  kind  so  as  to  shield 
the  light  from  the  eyes,  and  one  of  the  improvised  shades  of  this  kind 
is  a  cone  formed  from  dark  metal  with  which  the  lamp  is  surrounded. 
Such  a  metal  cone  tightly  surrounding  the  lamp  is  shown  in  Fig.  10, 
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and  it  will  ho  observed  that,  while  the  rays  of  light  arc  shielded  from 
the  eyes,  they  are  also  rendered  ineffective  in  lighting  the  tool. 

A  simple  remedy  for  this  condition  of  affairs  is  shown  in  Fig. 
it.  By  the  provision  of  a  scientifically  designed  reflector,  the  rays 
of  light  are  not  only  cut  off  from  the  eyes  of  the  workman,  but 
these  same  rays  of  light  are  reflected  from  the  bright  surface  of  the 
metal  in  such  a  way  as  to  be  directed  to  the  tool,  which  is  illuminated 
in  a  satisfactory  manner.  A  photograph  taken  under  artificial  light, 
where  the  lamp  is  unprovided  with  a  reflector  is  shown  in  Fig.  i-\ 
while  Fig.  13  shows  the  same  machine  where  the  lamp  has  heen 
equipped  with  a  metal  reflector  designed  to  throw  the  light  where 
needed. 

OTHER    ITEMS    OF    IMPORTANCE 

Physical  Sice  of  Lamps — The  size  of  an  individual  lamp  has  a 
ring  on   its  effectiveness   in 
that    a  bulky    lamp  cannot    be 
placed  close  to  the  tool  when 
in   operation.     Some  machines 
are  so  designed  that  it  is  im- 
perative to  have  the  lamp  close 
the  point  of  operation.     A 
small    lamp,    therefore,    equip- 
ped with  a  highly  efficient  re- 
flector of  small  size  will  be  an 
advantage  in  such  cases.     It  is 
•  difficult  to  obtain  the  de- 
ult  in  these  particular 
instances    with   the   lamp   in   a 
pendant  sition       mounted 

at     the     ceiling.       A      fixture 
with  an  adju -table  device  mounted  directly  on  the  machine  is  gen- 
erally the  m<  rable  arrangement. 

Importance  of  General  Illumination — In  all  that  has  been 
said  with  respect  to  the  individual  lighting  of  machines,  reference 
should  again  be  made  as  at  the  beginning,  to  the  importance  of  pro- 
viding some  general  illumination  in  addition  to  that  provided  by  the 
lamp  on  the  machine,  and  in  like  manner  to  the  advantages  of  elim- 
inating all  individual  lamps  where  possible. 

hxtension  Lines — Nothing  save  a  hint  has  been  given  regarding 
those  cases  where  the  work  must  occasionally  be  viewed  from  below. 


Fir;.     7 — SWING 
TO      WALL      AM) 
MACHINES 


A  I  I  A<    HKl) 
D      WITH      LA1«,K 
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Here  the  use  of  flexible  extension  lines  is  generally  essential.  It  will 
often  be  found  best  to  mount  a  few  sockets  over  the  machines  on 
lamp  cord  attached  to  the  ceiling,  to  which  short  flexible  lines  may 
be  attached  for  occasional  use.  Where  much  belting  exists  and 
where  the  machines  are  close  together  this  has  some  advantages  over 
mounting  wall  receptacles  on  adjacent  columns  or  walls,  since  in  the 
latter  case  flexible  cord  will  necessarily  rest  on  the  floor  or  on  top  of 
adjacent  machines  when  the  lamp  is  used  for  a  machine  somewhat 
remote  from  the  column,  and  the  wear  and  tear  on  the  cord  is  thus 
increased. 

The  physical  make-up  of  extension  lines  is  important.  In  one 
large  shop,  the  common  form  of  extension  line  consisting  of  socket, 
wire  guard  for  the  lamp,  handle,  ordinary  lamp  cord  and  attachment 

plug,  resulted  in  excessive  main- 
tenance due  to  the  rough  usage 
to  which  parts  of  the  line  were 
subjected.  A  study  was  made  of 
the  weak  points  of  the  old  form 
of  line  and  a  new  one  devised  of 
strong  twin  flexible  cable  and  a 
specially  constructed  lamp  guard 
with  protected  socket  which  pre- 
vents damage  to*  both  socket  and 
lamp. 

Shadow    Contrasts  —  Some- 
times the  workman  depends  large- 

fig.  8— flexible  arm  used  for  small  ly  on  shadow  contrast  in  his  work. 
work  Die  fitting,  and  certain  assembly 

operations  call  for  the  exercise  of  this  otherwise  objectionable  feature 
of  the  light,  and  a  portable  lamp  in  the  workman's  hand  will  likely 
be  an  actual  advantage  rather  than  a  hindrance.  This  instance  is 
cited  to  show  that  the  establishment  of  a  rule  in  a  shop  that  no 
portable  lamps  are  to  be  used  may  be  a  disadvantage  to  some  work- 
men in  special  cases. 

Candle-Power  of  Lamps — The  candle-power  of  the  lamps  suit- 
able for  machine  tools  has  not  been  touched  on,  largely  because  this 
is  an  item  calling  for  the  judgment  of  the  man  in  charge  of  this 
division  of  the  shop  equipment.  While  lamps  of  small  physical  size 
are  desirable  for  certain  machines  so  as  to  permit  of  their  being  used 
close  to  the  work,  this  should  be  considered  from  the  standpoint  of 
advantageous  placement,  rather  than  from  the  viewpoint  of  saving 
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electrical  energy.  As  indicated  On  the  chart  at  the  beginning,  the 
if  lighting  are  so  small  in  proportion  to  the  importance  of  the 
light  in  it-  influence  on  the  entire  operation  of  the  machine,  that  a 
reduction  of  energy  1>\  the  use  of  smaller  lamps  should  be  considered 
only  when  satisfaction  results  by  such  a  reduction.  Looked  al  from 
the  other  side,  the  individual  lamps  should  be  made  larger  rather 
than  smaller  it  this  step  is  attended  by  an  advantage  to  the  workman. 
Intensify  of  Illumination — The  intensity  of  the  illumina- 
tion furnished  by  individual  lamps  mounted  close  to  the  machine 
usually  exceeds  that  used  where  flat  benches  are  concerned,  simply 
because  the  lamp  is  much  closer  to  the  object.  This  may  be  an 
added  advantage  of  the  individual  lamps  due  to  the  dark  nature  of 
most  machine  work.  Particularly  in  the  case  of  inspection  where 
the   detection   of    faulty   material    and   workmanship   requires   local 

lamps,  the  intensity  must 
^^  Often  In-  excessive  in  com- 

ison  to  i  irdinary  work- 
ing values.  It  should  be  es- 
ially  remembered  that 
illumination  is  in  propor- 
tion to  the  light  reflected 
from  an  object  rather 
than      the      light      which 

v       F"7  FI';  I0  IIG"n        reaches  it. 

9 — Incandescent  lamp  without  snarl 

CONCLUSIONS 
10 — Incandescent  lamp  with  improvi 
metal  cone  shade.  In  conclusion  it  may 

andescent  lamp  equipped  with  a  b        staU.rl      l)ut      cff 
carefully  •  I   metal   reflector.  " 

hveness    should    be    the 

object  in  the  mounting  of  machine  tool  lamps  and  in  suitably  direct- 
ing the  light  rays  on  the  work.  A  study  of  each  individual  case  is 
the  only  feasible  and  practical  method  of  procedure  when  installing 
artificial  lighting,  making  use,  wherever  possible,  of  the  experience 

Many  workmen  already  possess  definite  ideas  similar  to  those 
embodied  in  this  article.  Co-operation,  therefore,  with  the  men 
themselves  and  a  suggestion  here  and  there  throughout  the  shop,  will 
do  much  to  promote  the  intelligent  use  of  a  suitable  equipment  of 
individual  lamps.  In  the  case  of  those  who  either  through  ignorance 
or  thoughtlessness  have  not  conceived  the  idea  that  bare  lamps  are 
harmful  to  the  eye  when  looked  into,  and  the  necessity  of  directing 
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the  light  to  the  work  by  the  aid  of  reflectors,  an  installation  of  sev- 
eral such  lamps  in  a  shop  section  with  instructions  to  those  involve' 1, 
will  often  start  the  right  ideas  among  the  nun,  and  others  in  adjoin- 
ing sections,  recognizing  the  superiority  of  the  improved  lamps  will 
be  likely  to  request  them  even  before  they  are  provided.  The  spread- 
ing of  intelligence  among  the  workmen  after  this  manner  is  import- 
ant because  cases  are  likely  to  exist  where,  even  after  lamps  have 
been  in-tailed  according  to  intelligent  design,  the  meaning  of  the 
reflector,  and  the  proper  setting  of  the  lamp  may  be  so  little  under- 
stood that  they  may  not  be  used  to  advantage. 


FIG.  12 — MACHINE  TOOL  EQUHMl  D 
WITH  A  BARE  LAMP.  NOTE  THE 
GLARE 


FIG.  13 — SAME  MACHINE  WITH 
I.AM  I'  EQUIPPED  WITH  SCIENTIFIC- 
ALLY    DESIGNED    METAL    REFLECTOR 


It  is  to  be  hoped  that  the  growing  attention  to  shop  economy 
and  improvements  in  the  physical  surroundings  of  the  workmen  will 
include  among  other  features  that  of  adequate  and  satisfactory 
illumination,  and  it  is  hardly  going  too  far  to  remark  that  work 
along  these  lines  is  likely  to  result  in  an  improved  condition  of  the 
eyesight  among  employees  in  the  industries,  an  item  which  in  itself, 
not  to  mention  the  economy  to  the  shop,  is  well  worthy  of  a  greater 
interest  than  has  been  accorded  it  in  the  past. 


SINGLE-PHASE  COMMUTATOR  MOTORS 

R.  E.  HELLMIND  and  E.  W.  P.  SMITH 

Till",    remarkable    success    of    the    single-phase    commutator 
motor  in  railway  work  and  the  evidence  of  more  or  less 
confusion  of  ideas  as  to  the  principles  of  operation  of  the 
various  types  make  pertinenl   a  presentation    of    correlated     facts 
jarding  their  design.     A  brief  review  "f  certain  familiar  Features 
will  he  included  incidentally  because  <>l"  their  bearing  on  the  sub 
ject. 

PLAIN    SERIES    MOTOK 

The  fundamental  principle  of  operation  of  the  single-phase 
series  motor  i-.  a-  generally  understood,  the  ^;ni:r  as  that  of  a  direct- 
current  -cries  motor.  The  characteristics  of  the  alternating-current 
motor  are  therefore  best  demonstrated  by  a  close  comparison 
with  the  direct-current  series  motor.  Considering  the  field  magnetic 
circuit  alone,  it  is  evident  that  any  standard  direct-current  series 
motor  could  he  operated  on  alternating  current  if  it  were  not  for 
the  excessive  heating  caused  by  the  heavy  eddy  current  losses  in- 
duced in  the  poles  and  yoke  by  the  alternating  magnetic  flux  due 
to  the  alternating  current.  To  reduce'  these  1  i  il  is  necessary  to 
make  the  entire  magnetic  circuit  of  the  alternating  current  series 
motor  laminated,  as  is  customary  in  every  other  type  of  alternating- 
current  motor. 

Considering  the  armature,  the  fluctuating  nature  of  the  main 
magnetic  flux  has  another  effect.  At  any  given  instant  the  brushes 
rt-circuit  one  or  more  coils  of  the  armature  and.  because  of  the 
fluctuating  nature  of  the  main  flux,  an  electro  motive  force  will  he 
indued  in  the  coils  short-circuited  b)  the  brushes,  which  under  cer- 
tain condition-  of  operation  lead-  to  a  heavy  current  and  consequent 
■irking.  Therefore,  to  obtain  satisfactory  operation,  this 
induced  \  t  be  made  as  small  as  possible  by  keeping  at  a 

latively  low  value  the  flux  interlinked  with  the  short-circuited  coils 
and  the  number  of  turn-  short-  circuited  by  the  brushes.  Since  the 
number  of  turn  •il  cannot  be  reduced  below  one,  and  since  the 

•age  induced  in  one  turn  by  a  flux  such  as  is  ordinarily  used  in 
^er  direct-current  machin  inch  too  large  to  allow    satisfac- 

tory operation,  it  would  he  necessary  to  reduce  the  flux  in  order  to 
adapt  the  design  of  a  direct-current  machine  for  operation  on  alter- 
nating current.    One  way  of  reducing  the  flux  interlinked  with  each 


SINGLE-PHASE  COMMUTATOR  MOTORS 


129 


short-circuited  coil,  i.  c.  the  flux  per  pole,  consists  in  splitting  the 
total  flux  around  the  armature  into  a  larger  number  of  paths  or  poles 
than  is  customary  in  the  design  of  a  direct-current  motor.  While 
very  effective  in  accomplishing  the  above  purpose,  as  far  as  it  can  be 
carried  out  economically  this  method  has  certain  limitations,  in  that 
the  space  around  the  commutator  available  for  brush  holders  is 
limited.  Therefore  a  second  means  for  reducing  the  effective  field 
flux  per  pole  has  to  be  resorted  to,  viz.,  that  of  reducing  the  effective 
magnetic  densities.  By  reducing  the  effective  densities  around  the 
armature,  keeping  the  same  armature  ampere-turns,  the  torque  of 
the  motor  is  reduced.  Therefore  in  order  to  bring  the  torque  back  to 
its  former  value  the  effective  armature  ampere-turns  of  the  alter- 
nating-current motor  must  be  increased,  since  in  any  machine  the 
torque  is  proportional  to  armature  ampere-turns  and  the  field  flux. 


FIG.  I  FIG.  2  FIG.  3 

Fig.  1 — Main  and  cross  fields  as  they  exist  in  any  com- 
mutating  motor. 

Fig.  2 — Relation  of  cross  field  to  main  field  in  direct- 
current  motor. 

Fig.  3 — Relation  of  cross,  neutralizing,  and  main  fields  in 
an  alternating-current  motor. 

Increased  armature  ampere-turns  necessitate  a  larger  armature 
diameter,  while  on  the  other  hand  low  field  densities  require  few- 
field  ampere-turns;  hence  a  small  winding  space  for  the  field  coils, 
which  is  the  reason  for  the  short  or  stubby  poles  usually  observed 
on  alternating-current  series  motors.  For  a  given  frame,  however, 
the  short  field  poles  and  small  field  winding  allow  space  for  a  some- 
what larger  armature  diameter  than  in  direct-current  motors. 

The  decreasing  of  the  effective  main  flux  densities  or  the  field 
ampere-turns,  and  the  increasing  of  the  armature-turns,  however, 
lead  to  further  complications  which  may  be  more  fully  considered. 
In  the  direct-current  motor  the  resultant  flux  in  the  armature  may  he 
represented  as  made  up  of  two  components,  OA  and  OB,  Fig.  1, 
electrically  at  right  angles  to  each  other  in  space.  The  component 
OA  represents  the  cross  field  due  to  the  armature  ampere-turns  and 
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the  component  ('A'  represents  the  main  field  due  to  the  field  ampere- 
turns.  The  main  and  armature  fields  may  be  assumed  to  have  a  fixed 
n  relative  to  the  field  poles.  This  armature  cross  field  is  cut 
by  the  armature  conductors  which  are  short-circuited  by  the  brushes. 
quently,  as  the  armature  rotates,  the  cross  field  induces  an 
e.  m.  f.  in  the  armature  turns  short-circuited,  and  this  e.  m.  f.  sets 
up  currents  in  these  turn-.  Therefore  if  the  ampere-turns  of  the 
armature  are  made  too  large  and  consequently  the  cross  field  too 
strong  m«>re  commutation  difficulties  presenl  themselves.  This  is 
one  reason  why,  in  direct-current  motors,  the  armature  ampere- 
turns  are  kept  small  as  compared  with  the  field  ampere-turns.     It  is 

ecially  the  case  in  the  direct-current  machines  without  commutat- 
ing  that  commutation  considerations  make  it  necessary  to  keep 

the  ratio  of  armature  ampere-turn-  to  field  ampere-turns  low.     Bu1 
even  in  direct-current  machines  with  commutating  poles,  employed 

reduce  the  commutating  difficulties  by  compensating  the  cross  field 
within  the  zone  of  the  short-circuited  armature  coils,  it  i-  not  cus- 
tomary to  make  the  ratio  of  armature  ampere-turns  to  field  ampere- 
turns  large,  for  the  following  reasons:  The  cross  field,  which  i- 
neutralized  only  under  the  commutating  pole-,  will  exist  over  the 

:  of  the  armature  circumference  and  will  thus  cause  a  very  con- 

erable  distortion  of  the  resultant  field  if  the  cross  field  is  com- 
paratively strong.  A  much  distorted  resultant  field  has  several  dis- 
advantages. With  a  given  effective  value  of  the  resultant  field,  the 
maximum  densities,  and  therefore  the  armature  core  losses,  increase 
with  the  distortion  of  the  field.  Furthermore,  as  the  voltages 
induced  in  the  armature  coils  are  proportional  to  the  magnetic  densi- 
ties at  the  armature  circumference,  a  strongly  distorted  field  having 
high  magnetic  densities  at  certain  parts  of  the  armature  circumfer- 
ence will  induce  high  maximum  voltages  between  the  commutator 
segment-,  which  are  liable  to  cause  flash-overs,  thereby  impairing  the 
reliability  of  operation.  Since  there  is,  moreover,  little  to  be  gained 
in  the  majority  of  direct-current  designs  in  making  the  ratio  of 
armature  ampere-turns  to  field  ampere-turns  greater  than  certain 
values,  the  proportions  in  direct-current  machines  with  commutating 
poles  will  be  found  to  be  similar  to  those  indicated  by  the  size  of  the 
vectors  in  Fig.  2,  while  in  direct-current  machines  without  com- 
mutating poles  the  ratio  of  armature  ampere-turns  to  field  ampere- 
turns  is  usually  even  smaller. 

In  the  alternating-current  motor,  however,  it  has  been  shown 
that,  for  the  reasons  given  above,  the  armature  ampere-turns  must 
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be  relatively  large  as  comparer!  with  the  field  ampere-turns,  as  illus- 
trated in  Fig.  3.  Therefore,  it  is  necessary  to  use  some  means  other 
than  that  of  a  "stiff  field"  or  low  ratio  of  armature  to  field  ampere- 
turns  to  prevent  serious  and  destructive  sparking,  as  well  as  field 
distortion  due  to  a  strong  cross  field.  This  cross  field  component  can 
be  reduced  to  zero  by  providing  the  machine  with  a  compensating 
or  auxiliary  winding  having  such  relation  to  the  armature  winding 
as  to  neutralize  the  armature  ampere-turns.  This  compensating  wind- 
ing is  arranged  on  the  stationary  part  of  the  machine  with  its  axis 
in  line  with  the  axis  of  the  armature  cross  field,  so  that  its  magnetic 
effect  is  directly  in  opposition  to  that  of  the  cross  field,  although  it 
is  connected  electrically  in  series  with  the  armature.  In  order  to 
obtain  the  best  results,  i.  c,  in  order  not  only  to  compensate  the 
armature  effect  as  a  whole,  but  at  every- part  of  the  air-gap,  it  is 
customary  to  distribute  the  auxiliary  winding  over  the  pole  faces  so 
that  it  will  correspond  to  the  distribution  of  the  armature  winding 
(as  indicated  in  Fig.  6  below). 

It  may  be  noted  in  this  connection  that  in  special  cases  and  for 
the  same  purpose  as  outlined  above,  a  winding  of  this  kind  has  been 
applied  to  direct-current  machines  where  either  a  high  ratio  of  arma- 
ture ampere-turns  to  field  ampere-turns  is  of  advantage  with  regard 
to  design  proportions,  or  where  there  is  special  danger  of  too  high 
voltage  between  commutator  segments,  as  in  direct-current  turbo- 
generators or  machines  for  high  voltages. 

The  use  of  the  auxiliary  winding  made  necessary  by  the  use  of 
a  small  main  field,  beside  improving  the  commutation  and  the  field 
form,  serves,  in  the  alternating-current  motor,  an  exceedingly 
important  purpose  in  relation  to  improving  the  power-factor.  In  an 
alternating-current  motor  any  magnetizing  current  is  objectionable  in 
that  it  is  a  wattless  current  which  causes  a  reduction  in  power-factor. 
It  is  necessary,  of  course,  to  magnetize  the  main  field.  The  smaller 
this  field  the  smaller  will  be  the  magnetizing  effect  required  and 
hence  the  smaller  the  wattless  current.  Therefore,  the  weak  field 
inherently  necessary  also  assists  in  the  production  of  a  good  power- 
factor. 

In  contrast  with  the  magnetization  of  the  main  field,  which, 
while  lowering  the  power-factor,  serves  the  necessary  purpose  of 
inducing  the  useful  field,  the  magnetization  of  any  other  field  like  the 
cross  field  is  absolutely  useless  and  reduces  the  power-factor 
unnecessarily.  Therefore,  if  there  were  no  auxiliary  winding  the 
harmful  cross  field  would  exist,  and  would  require  another  magnetiz- 
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ing  force,  which  would  mean  an  additional  wattless  current  of  con- 
siderable  magnitude,  since  as  already  noted  the  armature  ampere- 
turns  must  be  large  in  an  alternating-current  motor.  Therefore,  the 
mpensating  winding  which  opposes  this  held  is  also  of  great  assist- 
ance in  obtaining  a  high  power-factor  insofar  as  it  eliminates  this 
harmful  and  unnecessary  held.  The  importance  of  the  compensat- 
ing winding  as  a  means  for  improving  the  power- factor  may  be 
•i  by  reference  to  Figs.  4  and  5.  which  represent  the  vector  dia- 
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fig.  4  ric.  5 

Voltage  diagrams  of  single-phase  series  motor  with  and  without 
auxiliary   winding 

Vecl  r  AB  of  Fig.  4  indicates  the  inductive  voltage  which 
would  lie  induced  if  the  cross  or  armature  field  existed  without 
compensation.  CD  indicates  the  voltage  which  would  exist  if  the 
field  induced  by  the  auxiliary  winding  existed  alone.  Thus,  with 
both  armature  and  auxiliary  windings  operative,  no  cross  field 
ex: 

gram?  ingle-phase  series  motor  with  and  without  compensating 

winding.  If,  as  in  these  figures,  the  effect  of  the  currents  in  the 
short-circuited  coils  are  neglected— which  is  fully  permissible  for  the 
present  consideration — the  diagrams  arc  exceedingly  simple.  With 
the  exception  of  the  armature  coils  short-circuited  by  the  brushes,  all 
windings  of  the  motor  are  connected  in  series  and  the  construction 
of  the  whole  motor  diagram  resolves  itself  into,  first,  a  simple  addi- 
tion in  one  straight  line  of  all  counter-voltages    caused    by    ohmic 
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resistance  and  by  the  rotation  of  the  armature,  the  direction  of  the 
line  being  the  same  as  that  of  the  current  vector,  and  second  the 
addition  of  the  reactive  drops  in  a  line  at  right  angle  to  the  current 
vector.,  In  a  motor  having  a  compensating  winding  this  leads  to  the 
relation  indicated  in  Fig.  4.  At  any  given  speed  and  current,  the 
counter-e.m.f.,  including  rotational  loss  volts,  resistance  loss  volts, 
field  and  armature  leakage  volts,  and  field  inductive  volts  remain 
I  Tactically  the  same  whether  the  compensating  winding  is  in  circuit 
or  not.  When  a  compensating  winding  is  in  circuit  the  inductive 
components  are  the  field  inductive  volts  and  armature  leakage  volts. 
This  gives  a  power-factor  of  about  90  percent,  as  shown  in  Fig.  4. 
If,  however,  the  auxiliary  winding  is  cut  out,  the  armature  inductive 
volts  are  added  to  the  inductive  component.  This  voltage  is  pro- 
portional to  the  cross  field  and  gives  a  vector  diagram  as  shown  in 
Fig.  5,  the  power-factor  being  about  35  percent. 

An  important  result  of  the  use  of  the  weak  field  and  auxiliary 
winding  is  the  reduction  in  the  iron  loss  due  to  the  alternating  char- 
acter of  the  current,  since  with  the  good  field  form  obtained  the 
densities  are  uniform  and  because  of  the  moderate  densities  the  losses 
are  low. 

Another  difference  between  an  alternating-current  and  direct- 
current  structure  is  that  the  commutator  of  the  alternating-current 
motor  usually  is  larger  in  diameter,  wider  and  also  has  more  com- 
mutator segments  than  that  of  the  direct-current  motor,  and  for  the 
following  reasons: 

In  many  direct-current  designs  it  is  perfectly  admissible  to 
have  several  turns  between  commutator  segments.  But  as  has  been 
shown  above,  the  voltage  between  segments  must  be  reduced  to  a 
low  value  in  the  alternating-current  motor,  and  therefore  all  but 
very  small  motors  use  only,  one  turn  between  segments.  The  num- 
ber of  turns  is  therefore  the  same  as  the  number  of  segments. 

As  the  total  voltage  is  proportional  to  the  total  number  of  turns 
in  the  armature,  in  order  to  avoid  too  small  a  total  voltage,  it  is  cus- 
tomary to  make  the  commutator  as  large  as  is  otherwise  permissible 
and  put  in  as  many  segments  as  the  size  of  the  commutator  permits. 
In  spite  of  this,  the  voltage  of  the  single-phase  railway  motor  is 
usually  relatively  low  compared  with  the  direct-current  motor,  as 
the  limit  is  obviously  one  turn  per  segment.  The  current  per  brush 
arm  is  consequently  relatively  large  and  this  in  turn  necessitates 
larger  contact  surface  for  the  brushes  and  a  longer  commutator. 
It  may  be  mentioned  further,  that  in  many  cases  the  air-gap  of 
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single-phase  motors  is  found  to  be  smaller  than  in  direct-current 
mol  especially  in  those  without  commutating  poles  where  the 

air-gap  is  frequently  made  rather  largo  for  purely  electrical  reasons). 
These  reasons  are  directly  related  to  previous  considerations.  It 
was  pointed  out  that  a  large  field  distortion  is  undesirable.  Now  a 
small  air-gap  reduce-  the  field  ampere-turns  required  for  a  given 
llnx  density  and  consequently  increases  the  ratio  of  armature 
ampere-turns  to  field  ampere-turns,  which  in  turn  means  increased 
field  distortion  in  a  direct-current  machine.  In  the  alternating- 
current  motor  where  the  field  distortion  is  made  impossible  by  the 
auxiliary  winding  this  consideration  does  not  enter,  and  since  on  the 
other  hand  a  small  air-gap  will  reduce  the  magnetizing  effect  re- 
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FIG.  6 

Schematic  cross-sections   of   direct    and   alternating-current   railway 

motors    of    corresponding    ratings    showing    relative    detail    and    over-all 
Jimensions. 

quired  and  therefore  he  heneficial  to  the  power-factor,  it  is  evident 
that  in  the  design  of  alternating-current  motors  the  air-gap  will 
always  be  made  as  small  as  mechanical  considerations  permit. 

The  differences  in  design  requirements  so  far  given  explain  the 
structural  differences  between  alternating  and  direct-current  motors. 
To  summarize,  these  are : 

i.     The  laminated  core  of  the  alternating-current  motor. 

2.  The  comparatively  large  number  of  poles  of  the  alternating- 
current  motor. 

3.  The  use  of  a  distributed  auxiliary  winding  on  the  alternat- 
ing-current motor  in  addition  to  the  main  field  winding. 

4.  The  larger  armature  diameter  as  compared  with  that  of  a 
direct-current  armature. 
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5.  The  short  and  stubby  poles  made  possible  by  the  small  num- 
ber of  field  ampere-turns  on  the  alternating-current  motor. 

6.  The  large  and  wide  commutator  of  the  alternating-current 
motor  and  the  larger  number  of  segments  as  compared  with  direct- 
current  machines. 

7.  Small  air  gap. 


FIG.     8 — COMPLETE    DIRECT-CURRENT     MOTOR     SHOWN     IN     CROSS- 
SECTION    IN    FIG.    6 

Some  of  these  differences,  their  relative  importance,  and  com- 
bined effect  upon  the  size  of  the  motor  are  shown  in  Figs.  6,  7,  8,  9, 
10  and  11.  Figs.  6  and  7  show  the  relative  sizes  of  a  200  horse- 
power, 600  volt,  direct-current  railway  motor  and  those  of  a  200 
horse-power,  15  cycle,  alternating-current  railway  motor,  both  for 
approximate!}'  the  same  speed.     These  illustrations  show  that,  while 


FIG.    9 — COMPLETE   ALTERNATING-CURRENT    MOTOR    SHOWN    IN 
CROSS-SECTION    IN    FIG.    7 


the  armature  of  the  alternating-current  motor  is  larger  than  that  of 
the  direct-current  motor,  this  difference  is  largely  counterbalanced 
by  the  shorter  poles  in  the  alternating-current  motor.  Therefore  the 
outside  diameter  of  the  stator  core  of  both  motors  is  practically  the 
same.  The  overall  dimension  outside  of  the  frame  of  the  alter- 
nating-current motor  is,  however,  slightly  larger  than  that  of  the 
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direct  current  motor;  tins  is  due  to  the  fact  thai  in  the  direct-current 
motor  the  stator  core  iron  serves  as  the  frame,  while  the  laminated 

core  of  the  alternating  current  stator  makes  it  necessary  in  railway 
work  to  build  a  substantial  steel  frame  around  the  laminations.  The 
overall  dimensions  ^i  the  two  motors  along  the  shaft  are  practically 
the  same.  While  the  alternating-current  motor  has  a  somewhat 
wiiler  commutator,  its  extra  length  is  counterbalanced  hy  the  fact 


FIG.     10 — DIRECT-CURRENT     ARMATURE 

For    motor    shown    in    Figs.    6    and    8 

that  the  motor  has  more  poles,  which  leads  to  shorter  extensions  oi 
the  armature  coils  outside  of  the  core.  The  weight  of  the  direct- 
current  motor  is  5  ooo  pounds ;  that  of  the  alternating-current  motor 
6ooo  pounds;  a  considerable  part  of  this  difference  is  represented  by 
the  difference  in  the  frames,  as  described.  Since  both  of  the  above 
motors  represent  modern  designs  intended  for  similar  service,  their 
figures  may  be  considered  as  representative  and  it  may  therefore  be 
stated  that  a  15  cycle  alternating-current  series  motor  is  15  to  25  per- 


FIG.     II — ALTERKATTNG-CUBKENT    ARMATURE 
For  motor  shown  in  Figs.  7  and  9. 

cent  heavier  than  a  corresponding  direct-current  motor.  For  25 
cycle  service,  the  alternating-current  motor  cited  above  is  good  for 
about  170  horse-power  only.  In  general  a  25  cycle  alternating-cur- 
rent motor  will  be  25  to  45  percent  larger  than  a  corresponding 
direct-current  motor,  or  5  to  15  percent  heavier  than  the  correspond- 
ing 15  cycle  alternating-current  motor. 

The  points  brought  out  in  the  preceding  are  further  illustrated 
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by  Figs.  8  and  9,  which  show  the  two  motors  complete,  both  to  the 
same  scale;  also  by  Figs.  10  and  11,  which  show  the  two  armatures. 
While  the  above  comparative  figures  may  be  considered  as  repre- 
sentative, it  should  not  be  inferred  that  different  figures  will  not  be 
found  in  practice  caused  by  difference  in  mechanical  construction, 
choice  of  the  ratio  of  armature  width  to  diameter  and  a  large  number 
of  other  possible  variations  in  design. 

The  previous  comparisons  are  based  on  standard  500-600  volt 
direct-current  railway  motors  and  15  and  25  cycle  single-phase  rail- 
way motors.  Because  of  the  recent  advent  of  the  1200  and  1500  volt 
systems  and  their  application  to  interurban  service,  a  few  figures 
showing  the  relative  proportions  of  motors  for  these  and  the  single- 
phase  system  may  be  mentioned. 


Direct-Current  Motor  Altrrnating-Ourrpnt   Motor 

FIG.    12 — VIEW  OF   MOTORS  OF  CORRESPONDING    RATINGS   FOR   I  500  VOLT  DIRECT-CUR- 
RENT   SYSTEMS    AND    15   CYCLE   ALTERNATING-CURRENT   RAILWAY    SYSTEMS 

Compared  with  the  motors  for  the  high  voltage  direct-current 
systems,  the  single-phase  motor  is  more  nearly  on  an  equal  footing. 
This  equality  is  due  largely  to  the  increase  in  weight  due  to  the 
insulation  construction  required  with  the  higher  operating  voltages 
of  the  direct-current  motors.  This  is  quite  an  important  item,  as 
may  be  judged  from  the  statement  that,  in  certain  cases  the  25  cycle 
motor  is  only  5  to  15  percent  heavier  than  a  direct-current  motor 
for  the  high  voltage  system,  and  the  15  cycle  motor  is  of  ap- 
proximately the  same  weight  as  the  direct-current  motor.  The  latter 
two  may  be  compared  by  reference  to  Fig.  12.  These  comparisons 
merely  indicate  the  relations  toward  which  alternating  and  direct- 
current  motor  designs  are  tending. 


THE  OPERATION  OF  A\ERCURY  ARC  RECTIFIERS 

Q.     A.     BRACKETT 

VERY  little  has  been  published  on  the  subject  of  mercury 
rectifier  outfits  which  is  of  practical  benefit  to  the  users  of 
this  type  of  apparatus.  This  article  has  been  written  in 
an  endeavor,  in  some  measure,  to  supply  this  lack,  and  does  not 
attempt  to  give  a  discussion  of  the  theory  of  operation.  Some 
elementary  description,  however,  of  the  manner  in  which  a  rectifier 
bulb  operates  is  necessary  in  order  to  make  what  follows  plain  to 
those  who  do  not  happen  to  be  familiar  with  this  subject. 

An  ordinary  type  of  rectifier  bulb  is  shown  in  Fig.  I,  consisting 
of  two  side  chambers  in  which  are  the  so-called  anodes,  or  positive 
electrodes,  usually  of  graphite,  two  lower  and  adjacent  pockets  con- 

itaining  mercury  known  as  the  cathode 
and  the  supplementary  or  starting  anode, 
and  above  them  a  cooling  chamber  in 
which  the  hot  vapor  condenses  and  then 
runs  down  into  the  mercury  pools.  The 
bulb  after  being  assembled,  as  shown 
above,  is  exhausted  to  a  very  high  de- 
gree of  vacuum  and  then  sealed.  Its 
value  as  a  rectifier  depends  on  the  fact 
that  current  can  pass  through  the  vapor 
in  one  direction  only,  namely  from  either 
fic.  i — 30  ampere  rectifier     anode  to  the  cathode,  and  only  in  that 

direction  when  a  hot  spark  has  been 
caused  to  occur  at  the  surface  of  the  cathode  of  such  polarity  as  to 
make  the  mercury  negative.  This  is  usually  accomplished  by  apply- 
ing a  difference  of  potential  to  the  two  mercury  electrodes  and  then 
tilting  the  bulb  till  the  two  pools  flow  together.  Then  when  the  bulb 
tilts  back  and  the  mercury  pools  break  apart  a  spark  occurs  between 
them.  If  this  spark  is  of  such  polarity  as  to  make  the  mercury  of 
the  cathode  negative  and  if  at  the  same  time  a  difference  of  potential 
exists  between  the  anodes  and  the  mercury,  an  arc  will  start  from 
that  anode  which  is  positive  to  the  cathode. 

The  usual  practice  is  to  use  an  anto-transformer,  the  two  ends 
of  which  are  connected  to  the  anodes  of  the  bulb  while  the  cathode 
is  connected  through  the  load  to  the  middle  or  neutral  point  of  the 
transformer.  The  action  is  then  as  follows: — For  any  given  half 
wave  the  current  flows  from  the  positive  end  of  the  transformer  to 
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one  of  the  anodes,  thence  through  the  vapor  to  the  mercury  cathode 
and  out  through  the  load  to  the  middle  point  of  the  transformer. 
The  next  half  wave  no  current  flows  from  the  anode  previously  in 
use,  but  the  other  anode  in  turn  delivers  current  to  the  cathode 
whence  it  flows  out  through  the  load  in  the  same  direction  as  before. 
If,  however,  the  current  in  the  first  anode  ceased  to  flow  the  moment 
the  other  anode  started  up  the  arc  would  go  out.  Therefore  a  cer- 
tain amount  of  energy  is  stored  in  a  magnetic  field  which  by  giving 
up  its  energy  as  the  current  falls  prolongs  the  current  through  any 
given  anode  until  the  second  has  started  up.  This  is  spoken  of  as 
sustaining  the  arc,  and  at  first  was  accomplished  by  introducing  a 
choke  coil  in  the  direct-current  circuit  in  series  with  the  load.  Now, 
however,  sustaining  is  usually  accomplished  by  introducing  magnetic 
leakage  in  the  transformer  itself  by  means  of  a  middle  section 
instead  of  by  a  coil  in  the  direct-current  circuit.  If  no  sustaining 
effect  were  present  the  rectified  current  would  simply  be  a  series  of 
half  waves.  The  sustaining  action  tends  to  fill  in  the  hollows  be- 
tween waves  and  causes  the  rectified  current  to  take  the  shape  of  a 
pure  direct  current  with  an  alternating  current  superimposed  upon 
it.  The  greater  the  sustaining  effect  the  smaller  the  "ripple"  or 
alternating  current  component  and  the  smoother  the  direct  current 
wave  becomes.* 

BATTERY  CHARGING. 

Where  a  rectifier  is  used  for  battery  charging  it  is  usually  desir- 
able for  the  outfit  to  have  a  bad  regulation  curve  in  order  that  it 
may  carry  through  the  charge  from  beginning  to  end  without  re- 
adjustment. That  is,  the  outfit  should  be  capable  of  rising  in  direct- 
current  voltage  the  same  amount  that  the  battery  does  during 
charge  without  allowing  the  current  to  fall  to  the  point  where  the 
arc  goes  out.  This  is  usually  accomplished  by  connecting  a  choke 
coil  in  series  with  the  primary  line  leading  to  the  transformer,  the 
air-gap  of  which  is  adjusted  to  give  the  regulation  desired. 

Several  methods  of  creating  the  initial  spark  at  the  surface  of 
the  mercury  are  available,  the  simplest  of  which  is  to  connect  a 
resistance  from  one  of  the  anodes  to  the  supplementary  or  smaller 
mercury  electrode,  of  such  value  as  to  let  a  few  amperes  flow  when 
the  bulb  is  tilted  and  the  pools  run  together.  An  ordinary  incan- 
descent lamp  can  sometimes  be  used  for  this  in  an  emergency. 


*For  more  detailed  description,  see  articles  by  Mr.  R.  P.  Jackson  in 
the  Journal  for  May,  1909,  p.  264,  and  Mr.  Y.  Sakai,  in  the  Journal  for 
March,  1910,  p.  216. 
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\  rectifier  bulb  is  usually  started  by  tilting.    When  first  starting 
up  an  outfit  lor  a  charge  this  can  be  done  perfectly  well  by  hand, 

but  it'  the  outfit  is  liable  to  stop  for  any 
reason  before  the  end  of  the  charge  while 
the  operator  is  away,  it  is  highly  desir- 
able to  have  an  automatic  starting  de- 
vice. The  slightly  greater  cost  will  be 
more  than  offset  by  the  time  lost  and 
the  inconvenience  resulting  from  the  oc- 
casional finding  of  batteries  only  par- 
tially charged. 

Such  an  automatic  starting  device  con- 
sists of  an  alternating-current  magnet  that 
causes  the  bulb  to  tilt  and  is  supplied 
with  current  either  from  the  line  through 
a  resistance  or  from  a  small  transform- 
er. \Y  h  e  n 
the  mercury 
pools  come 
together  they 
short  -  circuit 
t  h  e  magnet. 
This  allows 
t  h  e  bulb  b  > 
tilt  back  and  break  the  current  through 
the  mercury  pools,  thus  securing  the  de- 
sired spark  at  the  mercury  surface.  If 
the  main  arc  then  Mart-  up  a  relay  cuts 
-ut  the  tilting  circuit.  If  the  main  arc 
does  not  start  at  once  the  bulb  tilts 
in  and  continue-  to  do  so  until  the 
main  arc  does  start. 

Battery-charging  rectifiers  are  most 
widely  u<-ed  in  connection  with  electric 
automobiles.  As  many  different  num- 
bers   of    cells    are   used    in    the    various   FIG-   3— automatic    starting, 

....  30    AMPERE    RECTIFIER 

makes  ot  cars  it  is  necessary  that  a  R(;ar  vifW  with  cover  re_ 
rectifier  have  facilities  whereby  it  can  moved,  showing  transformer, 
be  easily  and  efficiently  adapted  to  £g£?*  ^  "^  ^^ 
charging    any    number   of    cells,    within 

certain  standard  limits.  This  is  usually  accomplished  by  bringing 
out  taps  from  the  transformer  or  the  primary  reactance  coil  or  both 


FIG.       2 — AUTOMATIC       START- 
ING,   30    AMPERE   RECTIFIER 

Hit  view  with  cover  re- 
moved. 
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to  one  or  more  dial  switches  so  that  those  taps  can  be  used  that 
most  nearly  suit  the  number  of  cells  to  be  charged.  These  dial 
switches  are  equipped  with  "preventive  resistances"  so  that  the  arc 
does  not  go  out  and  have  to  be  restarted  in  passing  from  point  to 
point,  and  the  contacts  themselves  are  saved  from  burning.  These 
resistances  are  only  in  circuit  while  passing  from  one  dial  point  to 
the  next  and  will  burn  out  if  left  in  circuit  for  any  length  of  time. 
For  this  reason  the  dial  switches  are  made  with  well-defined  notches 
so  that  they  are  certain  to  be  left  in  the  proper  positions. 

Front  and  rear  views  of  thirty  ampere  automatic  starting  recti- 
fiers are  shown  in  Figs.  2  and  3,  while  Fig.  4  shows  the  wiring 
diagram  of  a  no  volt  outfit.  This  outfit  is  designed  for  charging 
lead  storage  batteries,  such  as  are  commonly  used  in  electric  auto- 


FIG.    4 — WIRING   DIAGRAM    OF    SELF-STARTING,   30   AMPERE   RECTIFIER    FOR    110    VOLTS 
ALTERNATING    CURRENT,    AND   20   TO    44    CELLS    OE    LEAD    BATTERY 

mobiles  and  is  made  in  two  sizes,  one  for  charging  from  10  to  24 
cells  and  one  for  from  20  to  44  cells.  Each  size  is  made  for  two 
different  line  voltages,  namely  110  and  220  volts,  and  ordinarily  for 
60  cycles.  These  outfits  are  entirely  self-contained  in  one  unit  and 
can  be  moved  about  as  desired.  The  bulb  and  all  working  parts  are 
enclosed  and  thus  protected  from  mechanical  injury.  They  are 
equipped  with  an  automatic  tilting  mechanism  and  thus  are  self- 
restarting  in  case  the  arc  happens  to  stop  during  charge.  This  tilt- 
ing mechanism  is  controlled  by  a  relay,  mounted  on  the  back  of  the 
panel,  which  also  acts  as  a  circuit  breaker  and  opens  both  the  alter- 
nating and  direct-current  circuits  in  case  of  excessive  direct-current. 
Two  five-point  dial  switches  are  provided,  connected  to  different 
transformer  and  reactance  taps,  thus  providing  25  possible  points  of 
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adjustment  to  suit  different  numbers  of  colls.  One  dial  gives  varia- 
tion oi  voltage  by  large  -tops  while  the  other  dial  gives  small  steps 
for  obtaining  intermediate  values.  An  auto-transformer  is  used, 
with  a  reactance  coil  connected  in  series  with  the  primary  and  ad- 
justed to  give  the  correct  slope  to  the  regulation  curve  of  the  outfit. 
Each  outfit  is  so  adjusted  that  it'  the  dials  are  set  according  to 
the  number  of  colls  being  charged  and  the  line  voltage,  the  rectifier 
will  deliver  a  direct  current  of  about  30  amperes  at  a  voltage  of  2.15 
times  the  number  of  cells,  and  a  current  of  about  five  or  six  amperes 
if  the  voltage  rises  to  2.55  volts  per  cell.  These  values  of  volts  per 
I  represent  the  voltage  of  an  ordinary  lead  cell  under  the  two 
nditions  of  complete  discharge  and  full  charge1  respectively.  When 
the  voltage  has  risen  t<>  2.^^  per  cell  and  the  current  has  fallen  to 
five  or  six  amperers  the  arc  will  no  longer  sustain  itself  and  will  go 
out,  automatically  terminating  the  charge.  This  feature  is  used 
successfully  by  many  operators  as  a  means  whereby  they  can  start 
their  charging  at  night  and  leave  the  batteries  wihout  attendance, 
reiving  on  this  characteristic  of  stopping  automatically  when  the 
charge  is  complete.  The  adjustment  of  the  outfit  definitely  assures 
that,  if  the  direct-current  voltage  rises  to  2.55  times  the  number  of 
cells  specified  for  the  dial  setting  in  use,  and  the  line  voltage  remains 
reasonably  constant,  the  current  must  fall  to  such  a  value  that  the 
arc  will  go  out  and  terminate  the  charge.  If,  however,  the  battery 
is  in  bad  condition  and  cannot  be  charged  up  to  2.55  volts  per  cell 
the  current  will  never  fall  low  enough  to  cause  the  arc  to  go  out  and 
the  outfit  will  continue  charging  indefinitely  until  stopped  by  hand. 
If  this  current  is  only  seven  or  eight  amperes  it  will  do  little  harm 
and  will  often  do  good  as  a  "gassing  charge"  if  not  continued  too 
long  or  occurring  too  often.  If,  however,  it  should  be  12  or  15 
amperes  it  would  overheat  and  injure  the  hattery.  The  same  thing 
would  occur  even  if  the  batteries  were  in  good  condition  in  case  the 
line  voltage  was  higher  at  the  finish  of  the  charge  than  that  specific  1. 
The  tilting  mechanism  consists  of  an  alternating-current  mag- 
net supplied  with  current  from  a  small  tilting  transformer  connected 
across  the  power  line.  The  primary  of  this  transformer  is  in  series 
with  the  fixed  and  movahle  contacts  of  a  relay  mounted  on  the  rear 
of  the  slate  panel  which  carries  the  dial  switches.  Xormally  a  coun- 
terweight lifts  the  relay  plunger  g  this  circuit.  When  the  line 
tch  is  closed  the  primary  of  the  tilting  transformer  is  energized 
and  the  secondary  delivers  current  to  the  tilt  magnet.    This  causes 
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the  bulb  to  tilt  by  means  of  a  spring  connection  between  it  and  the 
magnet  plunger  until  the  mercury  pools  come  together  and  short- 
circuit  the  magnet.  The  bulb  is  then  released  and  tilts  back,  separat- 
ing the  mercury  pools  and  thus  breaking  with  a  spark  the  short- 
circuit  current  of  the  tilt  transformer.  If  the  main  arc  does  not  start 
up  the  bulb  tilts  again,  but  if  the  main  arc  does  start  the  direct-cur- 
rent flows  through  the  relay  coil  and  draws  down  its  plunger,  thus 
separating  the  relay  contacts  and  stopping  further  tilting  by  opening 
the  primary  circuit  of  the  tilt  transformer.  If  now  the  direct 
current  through  the  relay  coil  is  too  great  it  draws  down  the  plunger 
so  hard  that  its  downward  pressure  trips  a  circuit  breaker  latch, 
which  is  combined  with  the  relay  and  opens  both  the  alternating- 
current  and  the  direct-current  circuits.  In  this  case  a  lower  dial  set- 
ting must  be  taken  and  the  rectifier  restarted  after  first  resetting  the 
breaker  by  turning  the  reset  handle  between  the  dials. 

Inasmuch  as  the  current  through  the  two  mercury  pools  is 
alternating,  and  as  the  arc  starts  to  the  one  that  is  negative,  there 
is  an  even  chance  of  the  arc  starting  on  the  supplementary  instead 
of  on  the  main  pool.  If  it  continued  there  it  would  crack  the  seal 
and  destroy  the  bulb.  As  a  matter  of  fact,  however,  if  the  arc  does 
strike  to  the  supplementary  electrode,  it  passes  out  through  the  tilt 
magnet  which  at  once  tilts  the  bulb  again  and  brings  the  pools  to- 
gether, thus  transferring  the  arc  to  the  main  pool.  If  the  power 
should  go  off  the  line  suddenly  or  the  bulb  should  stop  for  any  other 
reason  before  the  current  fell  lower  than  10  amperes  the  relay 
plunger  would  be  released  and  the  counterweight  would  fall,  bring- 
ing the  relay  contacts  together  ready  to  cause  the  bulb  to  tilt  and 
start  up  again  as  soon  as  the  power  came  on.  If,  however,  the 
charge  continues  until  the  current  has  fallen  to  10  amperes  or  less, 
the  counterweight  slips  back  slowly  a  short  distance  and  a  latch 
engages  the  counterweight  rod  in  such  a  way  that  it  cannot  fall  back 
any  farther  when  the  arc  goes  out.  This  is  in  order  to  prevent  the 
outfit  from  continuing  to  tilt  indefinitely  when  the  outfit  stops  auto- 
matically at  the  end  of  charge.  Such  indefinite  tilting,  however, 
would  cause  no  harm  as  both  magnet  and  tilt  transformer  are  de- 
signed to  stand  continuous  tilting  without  overheating.  In  fact  the 
tilt  transformer  is  designed  with  such  a  high  leakage  reactance  that 
it  will  stand  having  its  secondary  short-circuited  continuously  with- 
out injury.  Indefinite  tilting  is,  however,  undesirable  mechanically, 
even   if   it   is   harmless    electrically.      For    this   reason    difficulty   is 
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encountered  where  it  is  desired  to  use  a  rectifier  with  a  car  that  is 
equipped  with  an  ampere-hour  meter.  These  latter  are  usually  sup- 
plied with  a  circuit  breaker  in  the  direct  current  circuit  that  is 
tripped  by  the  meter  when  a  pre-determined  number  of  ampere- 
hours  has  passed  into  the  battery.  This  breaker,  accordingly,  may 
trip  at  a  value  of  current  above  10  amperes,  and  as  it  does  not  open 
the  alternating-current  circuit  the  bulb  would  proceed  to  tilt  till  some- 
one opened  the  line  switch.  In  such  a  case  either  a  non-automatic 
rectifier  must  be  used  in  spite  of  its  inability  to  restart,  or  a  three- 
conductor  plug  used  and  the  circuit  breaker  arranged  to  open  the 
alternating-current  instead  of  or  in  addition  to  the  direct-current 
circuit. 

In  actual  use  of  the  rectifiers  many  questions  often  arise  and 
an  attempt  has  been  made  below  to  give  a  few  of  these  together 
with  answers  to  them. 

Q — How  can  an  outfit  be  adjusted  for  different  numbers  of  cells? 

A — By  setting  tbe  dial.     There  are  twenty-five  possible  settings. 

Q — How  should  the  bulb  be  adjusted  for  proper  tilting? 

A — The  springs  should  be  so  adjusted  that  the  bulb  stands  in  a  verti- 
cal position  normally  with  the  magnet  plunger  clear  up.  In  tilting  the 
plunger  should  pull  down  to  the  bottom  of  it-,  possible  travel  and  in  so 
doing  should  tilt  the  bulb  till  the  mercury  pools  come  well  together. 
The  bulb  should  swing  back  far  enough  to  completely  separate  the 
mercury  pools. 

Q — If  an  outfit  fails  to  tilt  what  is  the  probable  cause? 

A — First  try  the  circuit  breaker  reset  knob.  It  may  be  that  the 
circuit  breaker  has  tripped  or  that  the  latch  is  in  engagement  and  is  hold- 
ing the  relay  contacts  apart.  If  this  is  not  so,  examine  the  relay  con- 
tacts to  see  if  they  are  clean  and  make  good  contact,  and  notice  whether 
the  flexible  lead  to  the  moving  disk  has  broken  off.  If  the  relay  con- 
tacts are  together  and  are  making  good  contact  and  still  the  bulb  does 
not  even  start  to  tilt  there  must  be  an  open  or  short  circuit  somewhere 
in  the  wiring,  or  the  pools  in  the  bulb  do  not  separate,  in  which  case 
the  setting  of  the  bulb  should  be  adjusted. 

Q — When  the  bulb  tilts  properly  but  fails  to  start  up,  what  should 
be  done? 

A — First  see  if  the  charging  plug  is  in  the  vehicle  and  all  connec- 
tions to  the  bulb,  etc.,  are  properly  made.  Next  try  a  higher  dial  setting, 
but  not  too  much  higher  unless  the  outfit  is  equipped  with  a  circuit 
breaker.  Notice  whether  a  good  spark  is  obtained  in  the  bulb  when  the 
mercury  pools  separate.  Then  notice  whether  a  white  glow  flashes 
from  the  anodes  when- the  spark  occurs  at  the  mercury  pools.  If  not 
there  probably  is  an  open  circuit  somewhere,  perhaps  a  bad  contact  on 
the  dial  switches.  By  far  the  most  common  cause  for  difficulty  in  start- 
ing is  a  cold  bulb.  The  only  cure  in  such  a  case  is  to  take  the  bulb  out 
and  warm  it  up. 
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Q — When  a  rectifier  fails  to  stop  at  full  charge,  what  arc  the  usual 
causes? 

A — If  the  outfit  fails  to  cut  nut  at  all,  but  continues  to  run,  the  line 
voltage  is  probably  high  or  the  battery  is  in  bad  condition  and  has  not 
risen  to  the  voltage  it  should  at  full  charge.  The  line  voltage  consid- 
ered in  chousing  the  proper  dial  setting  should  be  the  open-circuit  volt- 
age at  that  time  of  day  or  night  when  the  charge  is  to  be  completed; 
not  that  at  the  start  of  charge  or  at  full  load.  If  the  outfit  cuts  out  too 
soon  a  higher  dial  setting  should  be  used,  usually  one  notch  higher  on 
the    right    hand    dial. 

Q — How   can   an  operator    tell    when    a  bulb  has  become  useless? 

A — Remove  the  bulb  and  shake  it.  If  the  mercury  gives  a  metallic 
click,  the  vacuum  is  still  good.  If  the  bulb  seems  very  dirty  inside  and 
if  the  mercury  clings  to  the  glass  and  plates  it,  the  vacuum  is  poor. 
Usually  in  such  a  case  the  bridge  between  the  two  mercury  pools 
becomes  plated  and  thus  short  circuits  the  tilting  magnet  and  prevents 
the  bulb  from  tilting  or  starting. 

The  outfits  above  described  are  of  the  automatically  re-starting 
type.  For  public  garages,  factories  or  other  places  where  attendance 
is  available  at  all  times,  or  where  the  user  is  willing  to  take  the 
chance  of  the  outfit  stopping  occasionally  a  non-automatic  type  of 
outfit  can  be  used  that  is  somewhat  simpler  and  cheaper  in  first  cosl 
The  non-automatic  rectifier  is  similar  to  the  automatic  type  in 
appearance,  but  has  no  tilting  magnet  or  circuit  breaker.  Instead 
it  is  tilted  by  hand  and  is  protected  by  a  fuse  in  the  direct-current 
circuit.  The  tilting  is  done  by  turning  a  knob  in  the  center  between 
the  dials.  This  knob,  besides  tilting  the  bulb,  also  makes  a  contact 
on  a  rear  auxiliary  dial  and  accordingly  should  be  held  over  in  posi- 
tion long  enough  to  give  the  bulb  a  chance  to  start  up  before  releas- 
ing it  and  allowing  it  to  snap  back.  As  these  outfits  are  non-auto- 
matic in  starting  they  are  likewise  non-automatic  in  stopping ;  that 
is,  the  reactances  are  so  adjusted  that  the  outfit  finishes  a  charge  at  a 
current  of  12  to  14  amperes  instead  of  five  or  six  amperes,  as  in  the 
automatic  type.  This  current  is  well  above  the  going-out  value  of 
the  arc,  so  the  charge  must  be  terminated  either  by  opening  the  line 
switch  by  hand  or  by  some  sort  of  time  switch. 

During  the  time  that  lead  batteries  were  used  exclusively  30 
ampere  outfits  were  large  enough  for  everything  except  public 
garage  use.  Since  the  introduction  of  the  Edison  battery,  how- 
ever, there  has  been  a  demand  for  a  rectifier  capable  of  delivering 
45  or  50  amperes,  which  is  about  the  limit  for  which  rectifier  bulbs 
can  be  made  of  glass.  Accordingly,  outfits  have  been  developed 
having  a  50  ampere  rated  output  and  a  comparatively  flat  regulation 
slope.    This  is  because  the  Edison  cell  is  properly  charged  at  a  high 
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rate  throughout  the  charge,  instead  of  requiring  a  finishing  charge 
at  a  low  current  like  the  lead  cells.  For  this  reason  a  larger  react- 
ance coil  is  used  in  series  with  a  transformer  of  a  special  design 
and  adjustment  such  that  the  outfit  starts  charging  by  delivering  50 
amperes  to  fully  discharged  cells  and  finishes  charging  at  from  30 
to  35  amperes.     These  outfits,  shown  in  Fig.  5,  cover  a  range  of 

from  20  to  54  Edison  cells  and 
have  two  seven-point  dials  giving 
49  possible  points  of  adjustment. 
The  same  automatic  tilting  system 
is  used  as  on  the  automatic  30-am- 
pere  outfits.  A  simple  relay,  how- 
ever, is  used  instead  of  a  combined 
relay-circuit  breaker,  and  each  out- 
fit has  a  small  panel  mounted  on 
top  carrying  a  line  switch,  fuses 
and  a  direct-current  carbon  circuit- 
breaker.  These  outfits  have  the 
same  general  characteristics  as  the 
30-ampere  rectifiers  except  that  as 
they  are  designed  primarily  for  use 
with  Edison  cells  they  are  adjusted 
for  a  26  percent  rise  in  voltage 
from  the  beginning  to  the  end  of  a 
full  charge  instead  of  for  an  18 
percent  rise,  as  in  the  case  of  the 
outfits  intended  for  use  with  cells. 

ARC    LAMP   OUTFITS. 

While  most  rectifier  outfits  are 
used  for  charging  storage  batteries 
the  mercury  rectifier  is  not  limited 
to  that  field  alone.  The  type  shown 
in  Fig.  6,  for  example,  is  de- 
signed to  deliver  direct  current  instead  of  alternating  current 
to  moving  picture  arc  lamps.  Two  styles  are  manufac- 
tured, one  for  use  on  no  volt  and  the  other  on  220- 
volt  alternating-current  lines.  The  great  majority  of  mov- 
ing picture  theatres  that  are  not  located  near  the  center  of  some 
large  city,  have  only  alternating  current  available  and  in  very  few 
cases  do  the  owners  go  to  the  expense  and  trouble  of  installing  a 
motor-generator  set  in  order  to  obtain  direct  current.    The  result  is 
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that  these  theatres  use  an  alternating-current  arc  light  either  with 
resistance  in  series  or  in  connection  with  some  kind  of  economy  coil. 
The  use  of  the  latter,  it  is  true,  saves  half  or  two-thirds  of  the 
power  that  is  wasted  in  the  series  resistance  method,  but  in  either 
case  the  alternating  current  arc  is  far  from  satisfactory  as  a  means 
of  illuminating  moving  pictures.  This  is  because,  in  a  direct  current 
arc,  the  light  is  concentrated  at  one  point,  namely  the  crater  on  the 
positive  carbon,  while  in  an  alternating-current  arc  the  light  is  dis- 
tributed over  the  whole  arc  length.     This  concentration  of  light  at 

one  point  in  a  direct-current  arc  gives 
much  greater  light  intensity  for  the  same 
watts  consumption  and  is  especially 
suited  for  projection  through  a  lens. 
Likewise  the  quality  of  the  illumination 
with  an  alternating-current  arc  suffers 
somewhat  because  of  the  superposition 
of  the  arc  frequency  upon  the  frequency 
of  the  pictures  themselves.  This  is  espe- 
cially true  on  low  arc  frequencies,  such 
as  25  cycles,  and  where  rapid  move- 
ments are  being  shown  and  every  pic- 
ture must  be  seen  to  get  the  full  effect. 
This  trouble,  of  course,  does  not  exist 
with  a  direct-current  arc  and  for  this 
reason  the  use  of  a  mercury  rectifier 
will  greatly  improve  the  illumination  of 
the  pictures  wherever  an  alternating- 
current  arc  has  hitherto  been  used. 
The  mercury  arc  is  much  more  efficient 
than  an  alternating  current  arc  in  series 
with  resistance  for  moving  picture  work, 
and  is  probably  more  efficient  from  a  cost  of  power  standpoint  than 
an  alternating-current  arc  operating  from  an  economy  coil,  because 
in  the  latter  case  it  is  usually  necessary  to  use  nearly  50  percent 
more  current  in  the  arc  in  order  to  get  anything  like  as  good  illu- 
mination.   The  efficiency  of  the  rectifier  is  about  65  percent. 

These  outfits  are  entirely  self-contained  in  one  unit  and  can  be 
moved  about  as  desired.  They  take  very  little  floor  space  and  the 
two  line  wires  from  the  power  circuit  and  the  two  direct-current 
leads  to  the  arc  form  the  only  exposed  wiring.  They  consist  es- 
sentially of  an  iron  frame  on  which  are  mounted  an  auto-trans- 
former having  a  reactance  coil  connected  in  series  with  its  primary, 


FIG.  6 — AUTOMATIC  START- 
ING, 30  AMPERE  RECTI- 
FIER FOR  USE  WITH 
MOVING  PICTURE  ARC 
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a  mercury  bulb,  a  tilting  magnet  and  a  relay  controlling  the  latter. 
There  is  also  a  slate  panel  hearing  four  binding  posts  to  which  are 
wired  taps  from  the  transformer.  These  are  for  adjusting  the 
outfit  to  line  voltages  slightly  higher  or  lower  than  normal,  and  this 
initial  adjustment  is  the  only  one  that   need  he  made. 

In   operating   this   type   of   mercury    rectifier,    the   connections 

aid  first  he  made  to  the  proper  binding  posts  according  to  the 
line  voltage.  The  line  voltage  to  be  considered  is  not  the  line  volt- 
age on  open  circuit,  hut  the  actual  line  voltage  at  the  outfit  when  it 

perating  at  normal  full  load.  If  the  proper  connections  are  made 
and  the  line  switch  closed  the  outfit  is  started  up  by  bringing  the 
carbons  together.  This  completes  the  circuit  through  the  tilting 
magnet  and  the  bulb  should  at  once  begin  to  rock.  One  or  two  tilts 
should  be  sufficient  to  cause  the  arc  to  start  up,  whereupon  the  car- 
bons should  be  at  once  separated  till  the  best  light  is  obtained.  Each 
outfit  is  adjusted  to  deliver  30  amperes  at  45  to  50  volts  if  the  prop- 
er connections  have  been  made  according  to  the  line  voltage.  Four 
different  line  voltages  are  provided  for  on  both  the  no  and  the  220- 
volt  outfits.  Inasmuch  as  the  bringing  of  the  carbons  together  in 
-tarting  short  circuits  the  transformer  there  is  a  reactance  coil  con- 
nected in  series  with  the  primary  of  the  transformer  which  limits 
this  current  to  not  over  about  44  amperes  direct  current,  thus  result- 
l  in  a  low  power-factor.  If  resistance  instead  of  a  choke  coil  had 
been  used  the  power- factor  would  have  been  improved,  but  the 
efficiency  would  have  been  lowered  greatly.  This  low  power- factor 
involve-  larger  primary  current,  but  doe-,  not  mean  the  large  power 
bill  that  the  large  current  might  seem  to  indicate. 

Hull)-  are  commonly  guaranteed  for  50  hours'  use,  but  there 
should  always  he  an  extra  bulb  on  hand  to  guard  against  accidental 
breakages.  If  an  operator  happens  to  break  his  last  bulb  his  outfit 
not  necessarily  entirely  out  of  commission,  as  he  can  use  the  outfit 
as  an  economy  coil  for  an  alternating-current  arc  until  he  can  get 
another  bulb  by  making  a  very  slight  change  in  the  connections  for 
which  the  manufacturers  can  give  him  directions. 

IGNITION  BATTERY  CHARGING  OUTFITS 
Another  use  to  which  mercury  rectifiers  can  be  applied  is  the 
charging  of  the  small  ignition  and  lighting  batteries  used  on  gaso- 
line automobiles.  For  this  service  two  different  outfits  are  manufac- 
tured, known  as  the  five  and  ten  ampere  rectifiers.  The  former  is 
designed  to  charge  from  one  to  seven  cells  at  a  current,  varying 
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from  five  to  about  four  amperes  during  charge.  It  is  so  wound 
that  the  same  outfit  can  be  operated  from  either  1 10  or  220  volts 
by  simply  changing  two  link  connections.  No  other  adjustments  are 
provided  and  in  operation  the  battery  is  simply  connected  from  the 
stud  marked  +  to  the  stud  bearing  a  figure  corresponding  to  the 
number  of  cells  to  be  charged.  The  outfit  is  started  by  tilting  the 
bulb  by  hand  by  means  of  a  knob  on  the  face  of  the  panel. 

The  ten  ampere  outfit  is  designed  to  charge  from  three  to  ten 
cells  at  a  maximum  current  of  ten  amperes.  This  outfit  also  is  hand 
starting  and  is  designed  to  operate  on  either  no  or  220  volts.  It  is, 
however,  equipped  with  three  adjustment  dials,  the  upper  two  vary- 
ing transformer  taps  and  the  lower  one  varying  a  series  resistance. 

Both  of  these  outfits  are  so  simple  that  they  are  practically 
devoid  of  operating  trouble  and  in  ^ 
addition  the  bulbs  have  exceptionally 
long  life  at  these  low  currents  and 
voltages.  The  only  difficulties  that 
might  be  encountered  are  as  fol- 
lows : — 

A — Difficulty  in  starting — This  may 
be  due  to  cold  bulb,  too  low  dial  set- 
ting, or  to  an  open  circuit,  especially 
in  the  series  or  shunt  resistance.  In 
case  a  resistance  has  burned  out  it  can 
be  temporarily  replaced  by  a  bank  of  Rear  view  showing  bulb. 

lamps.  FIG.      7 — 5      AMPERE     RECTIFIER     TOR 
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B — Bulb  may  go  out  during  charge  batteries 
— This  may  be  due  to  a  momentary  interruption  in  the  power  serv- 
ice, in  which  case  tilt  the  bulb  and  start  it  up  again;  or  it  may  be 
due  to  the  dial  setting  being  too  lowr  so  that  the  current  fell  so  low 
that  the  arc  could  no  longer  sustain  itself.  In  this  case  tilt  and 
restart  at  a  higher  dial  setting. 

Standard  rectifier  outfits  for  any  of  the  purposes  mentioned  are 
adjusted  for  60  cycle  operation.  Similar  outfits  can,  however,  be 
designed  for  any  other  desired  frequency.  The  only  changes  in- 
volved are  in  connection  with  the  transformer  and  reactance  coil, 
for  the  operation  of  the  rectifier  bulb  is  independent  of  the  fre- 
quency. In  fact  the  writer  has  operated  a  standard  bulb  on  as  high 
as  200  000  cycles  per  second  with  no  more  difficulty  than  on  60 
cycles  and  with  no  difference  in  appearance  to  the  eye. 


POWER-FACTOR   CORRECTION    BY   ROTARY 
CONVERTERS  IS  HAZARDOUS 

NICHOLAS   STAHL 

\  graphical  method  of  calculating  power-factor  conditions  in  loaded 
power  circuits  was  published  in  the  October,  ion,  issue  of  the  Journal. 
The  fact  was  mentioned  thai  the  power-factor  of  a  circuit  may  be  less 
than  unity,  duo  cither  to  a  load  having  a  capacity  component  of  current 
and  thereby  giving  a  leading  power-factor,  or  to  a  load  having  an  inductive 
nent  which  causes  a  lagging  power-factor.  It  was  also  explained 
that  by  supplying  to  the  system  additional  current  of  opposite  reactive 
characteristics  to  that  causing  reduction  of  power-factor,  the  latter  can  be 
raised  by  an  amount  depending  upon  the  relative  magnitudes  of  the  various 
lit-;  of  the  load.  Thus  a  load,  with  low  power-factor,  due  to  in- 
ductive apparatus,  can  be  given  a  |>  .lor  approaching  unity  either  by 
adding  sufficient  non-inductive  load,  or,  more  particularly,  by  adding  a  load 
with  capacity  characteristics,  thus  introducing  current  with  a  compensating 
leading  component.  The  article  also  discussed  the  use  of  alternators,  such 
-  synchronous  motors  for  supplying  corrective  current,  either  leading  or 
lagg 

A  warning  was  sounded  regarding  the  iuadvisability  of  utilizing  rotary 
converters   for  power-factor  correction   without   due   consideration,   notwith- 

ding  the  fact  that,  considered  from  the  alternating-current  standpoint, 
they  posset  the  characteristics  of  a  synchronous  motor.     But  the   purpose 

his  article  is  to  show  in  more  di  tail  the  danger  involved  in  attempting 
"i  over-excitation  and  to  indicate  the  limitations  of  this  method. 

Before  entering  into  details,  it  is  well  to  note  that,  as  suggested  above, 
the  operation  of  the  rotary  converter  merely  at  too  percent  power-factor 
introduces  of  itself  a  very  considerable  corrective  effect  simply  by  the 
addition  of  so  many  k.  v.  a.  at  the  highest  power-factor  into  the  system  to 
be  improved. 

IX  its  ordinary  application,  tin-  rotary  converter  is  a  machine  sup- 
plying direct-current  power  and  receiving  power  from  an  alter- 
nating-current source.  At  certain  instants  during  the  rotation 
the  armature  >i  a  converter,  the  current  flows  into  the  armature 
winding  through  a  collector  ring,  t"  the  commutator,  and  oul 
through  the  direct  current  brush  without  need  of  commutation. 
Tn  the  coils  adjacent  to  the  collector  ring  the  alternating 
current  then  flows  in  the  same  direction  as  the  direct  current, 
while  in  the  coils  toward  the  middle  of  the  phase  the 
alternating  and  direct  currents  are  opposed.  While  this 
condition  changes  from  instant  to  instant,  the  net  result  for  a  com- 
plete cycle  is  a  considerably  greater  current  in  the  coils  next  to  the 
alternating-current  terminals,  or  tap  coils.  ITence,  assuming  normal 
full-load  operation  and  neglecting  losses  in  the  machine,  the  heating 
of  the  different  coils  is  not  the  same  for  all  points  between  collector 
ring  taps,  but  is,  generally  speaking,  greatest  at  the  ends  and  least 
in  the  central  regions.  The  increase  in  heating  towards  the  ends  is, 
however,  not  uniform  but  takes  place  at  a  much  more  rapid  rate 


ROTARY  CONVERTERS  AND  P0U1-R  E ACTOR     151 


than  that  proportional  to  the  distance  measured  along  the  periphery 
of  the  armature. 

I  nder  conditions  of  unity  power-factor,  the  heating  of  each 
half  of  the  phase  is  symmetrical.  But  when  the  power-factor 
is  lagging,  i.  e.,  when  the  rotary  converter  is  under-excited, 
the  distribution  of  heating  is  changed ;  that  coil  of  a  phase 
which  is  ahead  with  respect  to  rotation  is  heated  very  much  more 
than  any  other  coil.  As  the  power-factor  decreases  this  increase  in 
heating  becomes  greater;  simultaneously,  the  originally  equal  heating 

of  the  rear  coil  of 
the  phase  grows  less, 
while  the  coil  of  least 
heating  moves  back- 
ward with  respect  to 
physical  rotation  from 
the  center  coil  to- 
ward the  rear,  so  that 
when  a  certain  lag- 
ging power-factor  is 
reached  the  coil  of 
the  least  heating  is 
actually  the  rear  tap 
coil.  In  practice,  how- 
ever, before  reaching 
such  a  condition  of 
operation  the  front 
tap  coils  would  be 
very  m  u  c  h  over- 
heated. 

These  conditions 
are  shown  in  detail  in 
Figs.  1,  2  and  3*  for 
coils  of  three-phase,  two-phase,  (four  ring),  and  six-phase  rotary 
converters,  whether  diametrically  or  double-delta  connected,  with 
power-factors  varying  from  unity  to  approximately  70  percent 
lagging  or  leading.  In  each  curve  there  is  plotted  the  heating  for 
the  front  and  rear  tap  coils,  the  average  coil,  and  the  middle  coil  of 
the  phase ;  the  comparisons  being  based  on  the  assumption  of  unity 
heating  when  the  machine  is  run  as  a  direct-current  generator.     The 

♦These  curves  are  reproduced  by  permission  from  an  article  by  the 
author  in  the  Electrical  World  for  October  28,  1911,  p.  1060,  which  gives 
their  mathematical   derivation. 
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front  and  rear  tap  coils. 
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permissible  ratings  of  these  machine  >  en  the  basis  of  the  heating 
of  the  average  coil  arc  shown  in  Fig.  4.  The  lowest  curve*  in  Fig. 
4  represents  the  permissible  rating  ><\  a  six-phase  rotary  converter 
with  transformers  diametrically  connected  when  one  of  the  original 
three  transformers  ha-  been  disconnected;  the  case  is  the  same  as  a 
two-pl  inverter  with  unsymmetrically  arranged  transformers, 

60  >r  120  degree-  >  out  of  phase  with  each  other,  instead  of 

90  degrees  as  ordinarily.     This  introduces  such  very  considerable 
circulating  currents  as  to  decrease  the  rating  of  the  converter  even 
■  w  that  of  the  three-] -base  machine. 

In  connection  with 
this  latter  figure,  it  is 
interesting  to  follow 
the  rapid  drop  in 
rating  for  a  very 
slight  change  in  pow- 
er-factor from  unity. 
)/  for  average  coil 

■  uJitio)is.  For  ex- 
am] »le.  at  05  percent 
power-factor  the  six 
ring,  four-ring,  three- 
ring,  and  unbalanced 
pha-e  machines    show 

pectively    only 
percent,  $<j.?  percent, 
yi     percent     and     85 
percent.  lively, 

their  permissible 
rating  at  unity  pow- 
er-factor. 

This  restriction  i-  increased  if.  as  is  necessary  from  the  oper- 
ating standpoint,  the  ratings  are  to  depend  solely  on  the  worst  or 
:it  tap  coil  heatings  with  lagging  power-factor,  or  with  leading 

*In   the   case   of    the   three-phase    or   of    the   six-phase    machines    when 
the  ;ie  latt-  '1   in  double  delta  and   for   some 

f  the  transformers  is  disconnected,  it  is  sufficient  to  re- 
mark that  the  load  which  may  be  carried  is  limited  by  the  outputs  of 
the  tw  ormers  left  in  open  delta,  or  "V."     Should  these  be  operated 

•  normal   full  load  current  on  the  low-tension   side,  such  transformer 
I  be  carrying  an  overload  of  1? .5  percent,  and  the  rotary  converter  will, 
course,  be  operating  at  only  two-thirds   of   its   rated   output,   with  cor- 
responding   heating.     There  are    no    unbalanced    currents    in    the   converter 
armature.     However,   the  case   is    different   with   a  six-phase  converter   for 
which   the  transformers   are   diametrically  connected. 
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power-factor,  on  rear  coil  heatings;  the  corresponding  figures  at  95 
percent  power-factor  are,  for  six-ring,  four-ring,  and  three-ring 
machines,  72,  76,  and  79.4  percent  respectively. 

The  more  rapid  fall  of  rating  of  machines  of  a  higher  number 
of  phases  points  to  the  importance,  of  unity  power-factor  operation. 
This,  of  course,  is  not  to  be  construed  as  an  argument  in  favor  of 
a  machine  with  fewer  rings.  Fig.  4  brings  out  clearly  the  difference 
in  the  allowable  rating  of  the  same  machine  operated  with  various 
numbers  of  rings,  but  this  latter  discussion  is  merely  intended  to 
show  that  the  decrease  in  relative  rating  is  more  rapid  with  the 
greater  number  of  rings;  so  that,  while  at  100  percent  power-factor 
the  same  machine  operated  three-phase  would  have  only  69  per- 
cent of  its  rating  when  used  as  a  six-phase  machine,  at  70  percent 
power-factor,  for  ex- 
ample, operating 
three-phase,  it  would 
have  about  84  percent 
of  its  six-phase  rat- 
ing ;  yet  a  given  three- 
phase  converter  at  70 
percent  power-factor 
would  have  only  55 
percent  of  its  three- 
phase  rating  at  100 
percent  power-factor. 
The  six  -  phase  ma- 
chine at  70  percent 
power- factor  has  only 
47  percent  of  its  rating  at  100  percent  power-factor,  these  latter  rat- 
ings all  being  based  on  average  coil  heatings.  The  curves,  whether 
for  average  coil  or  tap  coil  conditions,  indicate  also  a  rapid  approach 
of  all  the  machines  to  the  same  very  low  ratings  as  the  power- 
factor  becomes  very  low. 

It  is  interesting  to  note  in  Figs.  1,  2  and  3  the  values  of  power- 
factor  at  which  the  rear  tap  coils  have  the  same  heating  as  the 
middle  and  average  coils.  For  the  middle  coil  in  six-ring,  four- 
ring,  and  three-ring  machines  this  occurs  at  power-factors  of  96.5, 
92.4,  and  86.5  percent,  respectively,  while  for  the  average  coil  the 
figures  are  98.2,  96.5,  and  93.7  percent. 

The  inequality  in  the  heating  of  the  various  coils  suggested  at 
one  time  the  manufacture  of  rotary  converters  with  coils  of  various 
cross-sections,  increasing  from  the  middle  towards  the  ends  of  the 


FIG.     3 — HEATING    OF    COILS    OF     SIX-PHASE    ROTARY 
CONVERTERS  ;     LAGGING    POWER-FACTORS 

For   leading   power-factors    reverse    values    for 
front  and  rear  lap  coils. 


154 


THE    ELECTRIC   JOURNAL 


sc,  but   it   is  obvious  thai   modern   commercial   manufacturing 

-  preclude  any  such  procedure;  all  of  the  coils  arc  made 

the  same  cr —  section,  and  hence,  it  is  the  heating  of  the  worst 

which  determines  the  safe  rating  of  the  machine,  or  if  this  is 

exceeded,  the  point   of  probable  burnout.     The  curves  have  been 

drawn  on  the  further  assumption,  borne  out  by  test,  that  very  little, 

if  any,  of  the  heat  developed  in  an  individual  coil  is  conducted  to 

neighboring   coils,  but   is  dissipated  principally    at    the    point    of 

generation,  which  in- 
volves corresponding 
local  temperature  dif- 
ferences. 

This  inequality  in 
heating  lends  empha- 
sis to  the  insistence 
in  the  present  article 
thai  c<  inverters  should 
be  operated  at  very 
nearly  i  oo  percent 
power  -  Facti  >r  when 
fully  loaded.  'J'  h  i  s 
c<  intention  is  strength- 
ened in  the  case  of 
compounded  convert- 
ers using  reactance 
of  15  to  25  penult 
in  the  alternating- 
current  circuit  with  a 
line  drop  of  about  five 
to  ten  percent  in  order 
to  secure  flat  com- 
pounding,   for    even 
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FIG.  4—  RATINGS   OF  THREE-RING,  FOUR-RING  AND  SIX- 
POTARY     CONVERTERS     FOR     EQUAL     AVERAGE 

ITEATI 

The  bottom   curve   r  s   the   special   con- 

n    of    a    diammetrically-connected    conv 

with  one  transformer  omitted,  giving,  in  effect,  a 

ihase    connection    (one-phase=  60 

:    the    other  =120    degrees).      Maximum 

heating  occurs  in  120  degree  coil. 


then  it  is  common 
practice  to  adjust  the  field  so  as  to  secure  100  percent  power-fac- 
tor at  not  more  than  full  load,  and  possibly  more  often  even  at  75 
percent  load,  and  in  a  number  of  cases  at  50  percent  of  full  load. 
ted  above,  with  these  reactances  and  the  shunt  field  adjust- 
ment- indicated,  the  machines  will  have  power-factors  ranging  from 
approximate!  95  percent  leading,  from   full  load  to  150  per- 

cent load. 

If  the  heating  due  to  this  cause  is  added  to  that  produced  by 
the  overload  (which  varies  as  the  square  of  the  load  current),  the 
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total  heating  may  be  found  as  follows: — Referring  to  Fig.  3,  the 
equivalent  heating  value  in  front  and  rear  tap  coils  corresponding 
to  100  percent  power-factor  is  determined  as  0.418.  Likewise  the 
equivalent  heating  in  the  rear  tap  coil  at  95  percent  power-factor 
leading  (rear  tap,  since  the  wattless  current  is  now  leading)  is  found 
to  be  0.8.  Then,  for  the  six-phase  machine  at  150  percent  load 
and  95  percent  power-factor  leading,  the  total  heating  in  the  rear 

tap  coil  will  equal  _  X(io)2=4.^2  times  that  at  full  load  and 

1  0.418      v    '  ^° 

unity  pi  >\ver-factor.*  For  the  three-phase  machine,  the  figure  would 
be  3.06,  the  four-ring  machine  having  an  intermediate  value.  It 
is  clear  that  the  machine  is  in  no  danger  at  low  loads  even  at  very 
poor  power-factors,  but  in  this  case  the  k.  v.  a.  being  applied  to  the 
machine  is  correspondingly  small  and  the  corrective  effect  on  the 
power-factor  of  the  system  of  little  moment. 

Since  it  is  common  practice  at  present  to  operate  rotary  con- 
verters for  periods  of  two  hours  or  more  at  150  percent  load,  Fig. 
5  has  been  plotted  to  show  the  loads  which  may  be  carried  at  various 
lagging  power-factors,  with  the  same  heating  in  the  front  tap  coils 
as  exists  at  150  percent  load  and  unity  power-factor.  Had  the 
curves  been  made  on  the  basis  of  average  heating  the  slopes  would 
no:  have  been  so  abrupt,  but  would  have  indicated  the  same  tend- 
ency. 

The  curves  may  serve  as  an  additional  check  on  the  safe  loading 
of  such  machines  as  are  arranged  for  unity  power-factor  operation 
through  field  adjustment  at  high  loads,  and  correspondingly  lower 
power-factors  at  lower  loads.  Moreover,  as  the  corresponding 
curves  based  on  heating  equivalent  to  other  loads  than  150  percent 
at  unity  power-factor  are  of  practically  the  same  form  as  those  of 
Fig.  4,  a  clue  to  the  limiting  heating  at  various  power-factors  with 
other  assumed  conditions  of  loading  may  be  obtained  from  these 

*The  relations  are  expressed  bv  the  equation, 

Ax2=By2. 

in  which. 

^=Heating   at  given    load   and    100   percent   power-factor,   expressed 
in    terms    of    heating    of    machine    operated    as    a    direct-current 
generator. 
5=Heating,    relative    to    direct-current    machine,    at    the    same    given 

load  and  new  power- factor. 
.r=percent  current  at  the  given  load  and  100  percent  power-factor. 
v=percent  current  at  new  load  and  new  power-factor. 
In  the  present  case,  A—  0.418,  5=0.8,  *=l.5.     Then  to  determine  y2,  as  a 
measure  of  the  heating  corresponding  to  y, 
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curves  by  substituting    suitable    now    values    for    the    "load"    co- 
ordinates. 

The  caption  of  this  article  is  not  to  he  construed  as  indicating 
that  rotary  converters  may  have  no  corrective  effect  on  power- 
factor;  it  is  intended  rather,  as  a  brief  presentation  of  the  dangerous 
heating  which  results  in  certain  coils  when  the  machine  is  operated 
at  normal  load  or  overload,  at  power  factor  other  than  unity;  in 

most  commercial  sys- 
tems it  is  only  when 
rotary  converters  are 
operated  under  these 
latter  conditions  that 
the  leading  wattless 
k.v.a.  input  to  them 
would  be  of  sufficient 
magnitude  to  bring 
about  any  appreciable 
betterment  of  power- 
factor.  Of  course, 
with  under-loads  of 
reasonably  steady 
characteristics,  such 
a  s  lighting  service, 
the  corrective  effect 
securable  by  leading 
power-factors  on  the 
converter  may  be  em- 
ployed with  safety  up 
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FIG.    5 — LIMITING    LOADS    CORRESPONDING    TO    VARI- 

POWER-FACTORS,     ONr     THREE-RING, 

FOUR-RING     AND     SIX-RING     ROTARY     CONVERTERS 

TOR   HEATING   EQUIVALENT  TO    150  PERCEN1    LOAD, 

AT    100    PERCENT    POWER-FACTOR 

Approximate    corresponding   values    based    on 

heating  equivalent   to  other  loads  at   100  perc<  nl 

f-r-factor    can    he   obtained    by    substituting 

the    new    value    for    150    and  revising    the    or- 

dinates  accordingly. 


to  the  points  indicated  by  Fig.  5.  With  fluctuating  railway  loads, 
when  mpounding  by  reactance  and  series  field  action  is  com- 
mon, the  converter  will  be  under-exxited  and  therefore  will  have 
a  lagging  power-factor  at  low  loads;  here  also,  Fig.  5  may  be  used 
as  a  guide,  not,  of  course,  for  corrective  purposes,  but  as  an  indi- 
cation of  permissible  heating,  though  these  curves  must  not  be 
construed  as  giving  any  information  regarding  the  compounding 
to  be  secured  with  a  given  load.* 


*This  phase  of  the  subject  was  treated  in  detail  in   an  article  by  Mr. 
Jens  Bache-Wiig  in  the  Journal  for  November,  1910,  p.  860. 


SOME  OBSERVATIONS  ON  THE  METALLIC  ARC 

G.  M.  LITTLE 

IN  1905,  shortly  after  the  mercury  arc  rectifier  had  been  developed, 
an  investigation  of  some  of  the  more  efficient  arc  lamps  and 
electrodes  then  on  the  market  was  started.  Among  these  was  a 
direct-current  lamp  which  burned  electrodes  made  of  oxides  of  iron, 
titanium  and  chromium,  the  current  being  supplied  by  an  arc  light 
generator,  or  by  a  mercury  arc  rectifier  from  an  alternating-current 
source.  This  lamp  gave  good  results  but  was  evidently  open  to 
improvement.  Its  chief  peculiarity  was  the  fact  that  the  arc  appar- 
ently was  burned  wrong  end  up,  the  bright  end  of  the  arc  being 
below. 


fig.  1  fig.  2 

Appearance   of   direct-current    carbon   arc  Appearance    of    direct-current    carbon    arc 

burned      with      bright     crater     above.      The  burned      with      bright      crater      below.      'Hie 

arrows   indicate    roughly    the    direction    and  arrows  show  how  the  light  is  wasted  by  being 

intensity    of    the   light.      The    arc    itself    is  thrown  above  the  horizontal, 
relatively    non-luminous.      Normal    position. 

Direct-current  carbon  arc  lamps  have  always  been  burned 
with  the  bright  crater  above.  The  reason  for  this  is  obvious,  as  the 
light  given  out  by  these  carbons  is  generated  almost  entirely  by  this 
bright  crater  on  the  end  of  the  upper  electrode,  which  causes  most 
of  the  light  to  be  thrown  below  a  horizontal  plane  drawn  through 
the  crater,  as  indicated  in  Fig.  I.  This  uneven  distribution  of  the 
light  becomes  very  noticeable  when  by  chance  a  carbon  lamp  is 
allowed  to  burn  with  its  polarity  reversed,  or  as  it  is  termed  "up 
side  down,"  for  in  this  case  the  bulk  of  the  light  is  thrown  upward, 
as  shown  in  Fig.  2.  It  is  evident  that  this  latter  method  would  be 
very  wasteful  of  the  light  as  that  which  is  thrown  above  the  hori- 
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ntal  is  practically  o\  no  value  with  perhaps  the  exception  of  such 
portion  as  might  be  reclaimed  through  the  use  of  reflectors  to 
direct  it  downward. 

With  these  well  established  facts  in  vu-w,  an  examination  of 
the  action  of  the  light  generated  with  electrodes  made  of  metallic 
oxide-  (oxide  of  iron,  titanium  and  chromium)  showed  a  very 
interesting  parallel.  In  this  case  the  light  comes  almost  entirely 
from  the  brilliantly  luminous  arc  itself.  The  arc.  however,  is  never 
equally  luminous  over  its  entire  length  and  there  is  always  a  power- 


.    3— THE    METALLIC    ARE,      BRIGHT        FIG.     4 — TTTF.     METALLIC     ARC,        BRIGHT 
EM'   UP"  '    DOWN" 

on    the    pn<]    of    the  A — Poo]  of  slap,  on  tin    end  of  the  lower, 

in  which  is  ieen       negaf    •    electrode,  in   which    is  seen  the  re- 
the  r  of  the  brightest  portion  of  the       flection   of  the  brightest    portion   of   the   are. 

src.     It — Non-Ion  li — Non-luminous  envelope  of  soot  completely 

Furr  ''i'V't  rart  of  the  arc.        Burroumlirig    thi  0 — Yellow,    faintly   lu- 

C — ^  ilntly  lun  dot.  'is   vapor.     I) — Olobules    of    fused 

E — Soot    deposited    on    upper    positive    elec- 
trode. 

ful  reflection  from  the  pool  of  molten  slag  which  exists  on  the  end 
of  the  negative  electrode. 

These  facts  hold  true,  moreover,  no  matter  which  electrode  is 
above  and  which  below,  as  shown  in  Figs.  3  and  4.  The  arc  is 
generally  very  bright  for  about  one-eighth  of  its  length  at  the  end 
adjacent  to  the  negative  electrode,  and  gradually  diminishes  in 
brilliancy  as  the  positive  electrode  is  approached,  becoming  rela- 
tively small  when  within  one-fourth  of  its  length  of  that  electrode. 

Considering  the  powerful  reflecting  effect  of  the  pool  of  molten 
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slag,  with  which  the  brightest  end  of  the  arc  is  in  immediate  con- 
tact, it  may  be  seen  that  if  the  electrodes  are  burned  in  such  a  way 
that  the  bright  end  of  the  arc  and  the  reflecting  pool  of  slag  arc 
above,  a  distribution  of  the  light  will  be  obtained  in  which  the 
larger  amount  is  below  the  horizontal,  while  if  they  are  arranged 
in  the  reverse  way  the  bulk  of  the  light  will  he  thrown  above  the 
horizontal,  which  will  necessitate  reflectors  to  obtain  this  portion 
as  useful  light.  This  was  very  positively  and  satisfactorily  shown 
by   photometric   measurements   of   the   mean    lower    hemispherical 


fig.  5 — metallic  arc,  burned  bright 
end  down,  as  it  appears  during  a 
"dim  spell" 

The  luminous  portion  of  the  arc  is  seen 
to  be  almost  entirely  absent.  There  is  no 
em  elope  of  soot. 


FIG.    6 — METALLIC    ARC,    BURNED    BRIGHT 
END    DOWN,    SHOWING    FREQUENT    DIS- 
TORTION OF  THE  ARC 
Probably  caused  by  the  obstruction  of  the 

air  draft  by  the  large  flat  under  surface  of  the 

upper  electrode. 


candle-power,    the   candle-power   per    watt    being   decidedly   lower 
with  the  bright  end  down. 

In  addition  to  this  the  arc,  when  burned  with  the  bright  end 
below,  develops  some  peculiarities  which  are  absent  when  it  is  burned 
with  the  bright  end  above.  For  instance,  almost  none  of  the  light 
from  the  brightest  portion  of  the  arc,  i.  e.,  next  to  the  negative 
electrode,  reaches  the  ground  in  the  immediate  neighborhood  of 
the  lamp,  as  it  is  screened  by  the  lower  negative  electrode  owing 
to  the  flat  shape  which  it  takes.  This  effect  is  proportional  to  the 
diameter  of  the  negative  electrode.    Moreover,  the  arc  is  surrounded 
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by  an  envelope  of  soot  which  not  only   contributes   nothing  to  the 

lit,  as  it  is  not  in  the  interior  oi  the  hot  arc  stream  where  it  would 

be  heated  to  incandescence,  but  acts  to  cut  ol'i  some  of  the  light 

crated  in  the  arc  itself.     This  soot  envelope  arises  from  the  edge 

the  melted  pool  of  slag   (apparently  by  heal   evaporation)   and  is 

not  projected  into  the  are  by  the  electric  current  as  are  the  vapors 

the  useful  light  giving  oxides  which  constitute  the  more  central 

part  of  the  arc. 

The  electrode-  when   freshly  trimmed,  and  burned  bright  end 
down,  give  an  arc  which,  during  the  first  20  hours  of  burning,  is 
often  luminous  over  it-  entire  length  for  intermittent  and  irregular 
lengths  of  time,  but  during  the  remainder  of  their  life,  about   130 
hours,  the  arc  seldom   if  ever  becomes   luminous  river   its  whole 
length,  and  frequent  periods  of  dimness  and  change  of  color  occur. 
These  dim  spells  are  repeated  at  intervals  of  from  one-half  minute 
to  five  minutes,  and  last  from  two  seconds  to  three  minutes.    There 
a  regular  cycle  which  is  followed:    First,  the  light  is  white;  con- 
lerable  soot  is  given  off,  and  the  arc  is  luminous  over  about  one- 
half  it-  length;    then  the  light  changes  to  a  blue  color;  the  white, 
luminous  portion  of  the  arc  diminishes  to  less  than  one-tenth  of  the 
total  length,  as  shown  in  Fig.  5,  and  the  candle-power  falls  to  ap- 
ximately  45  percent  of  it-  normal  value;  this  lasts  from  a  few 
mds  to  three  minutes  when   suddenly  the  light  turns  white  and 
the  arc  again  becomes  luminous  over  half  the  length.     Sometimes, 
instead  of  turning  blue,  the  light  turns  yellow. 

Another   cause   of    uneven    performance    when    the    electrodes 

burned  with  the  bright  end  of  the  arc  down  is  the  necessity  of 

using  a  very  large,  flat-bottomed,  upper  positive  electrode.     This 

the  draft  so  that,  very  often,  the  air  currents  are  moving 

in  a  horizontal  direction  aero--  the  face  of  this  electrode,  carrying 

with  them  the  upper  end  of  the  arc,  which  takes  the    nape  shown  in 

ccurs,  the  are  i~  drawn  out  to  a  much  greater 
length,  and  in  consequence,  the  voltage  fluctuates  violently,  so  that, 
in  order  to  prevent  the  lamp  from  "pumping,"  it  i>  necessary  to  set 
the  voltage  cut-out  adjustment  of  the  lamp  at  about  125  volts, 
although   the  at  nly  about   80  or   85   volts  when  standing 

vertical.  After  burning  some  time  tin;  upper  electrode  shows 
marked  evid<  f  uneven  burning,  audi  as  the  lamp  continues  to 

burn  this  action  of  the  air.  as  shown  in  Fig.  7,  becomes  more  and 
more  pronounced,  finally  causing  the  lamp  to  pump.  This  is  so 
annoying  that  these  positive  electrodes  frequently  have  to  be  taken 


OBSERVATIONS  ON  Till-  METALLIC  ARC 


161 


out  of  the  lamp  within  six  months  and  cither  reversed  or  turned  up 
in  a  lathe.  While  this  item  of  maintenance  cost  might  seem  insig- 
nificanl  when  the  operation  of  a  single  lamp  is  considered,  it  becomes 
a  serious  one  in  the  case  of  large  installations.  The  use  of  a  large 
diameter  upper  electrode  is  necessary  as  this  crooked  shape  forms 
very  quickly  if  one  of  small  diameter  is  used. 

It  is  found  that  the  large  positive  electrode,  required  for  lamps 
burned  bright  end  down,  necessitates  the  use  of  a  long  arc,  because 
the  soot  that  collects  on  this  electrode  generally  accumulates  around 
the  edges  to  a  thickness  of  one-eighth  to  one-half  inch  or  more, 

the  effect  being  to  hide  the  up- 
per part  of  the  arc.  This  soot 
collects  in  very  large  quanti- 
ties and  has  to  be  removed 
mechanically.  One  method  of 
providing  for  this  is  to  mount 
the  positive  electrode  so  that 
it  is  held  loosely;  accordingly, 
every  time  the  arc  is  struck,  it 
is  shaken,  so  that  the  soot  falls 
to  the  bottom  of  the  globe 
where  a  bowl-shaped  recepta- 
cle is  provided.  This  recepta- 
cle, which  holds  about  a  pint, 
becomes  filled  with  soot  be- 
tween trimmings. 

Another  probable  cause  for 
the  wide  voltage  variation 
found  in  the  operation  of  this 
type  of  lamp  is  that  the  rela- 
tively long  arc  required,  when 
burned  bright  end  down,  pre- 
sents a  large  heat  radiating  surface.  Moreover,  the  large,  cold, 
positive  terminal  which  is  used  also  exerts  a  chilling  effect  on  the 
arc,  as  a  result  of  which  the  arc  is  maintained  at  only  a  relatively 
low  temperature— a  condition  which  does  not  promote  stability. 

It  is  found  that  the  presence  of  copper  in  a  negative  electrode 
is  very  undesirable,  as  it  causes  unsteady  light  and  dim  spells  during 
burning.  When  the  arc  is  burned  bright  end  down  the  copper 
oxide  which  forms  on  the  upper  copper  electrode  falls  off  from  time 
to  time  on  to  the  melted  end  of  the  lower  negative  electrode  where 


FIG.  7 — METALLIC  FLAME  ARC,  BURNED 
BRIGHT  END  DOWN,  SHOWING  IN- 
CREASED     DISTRIBUTING       ACTION       OF 

DRAFT  OF  ATR   WHEN    UrPER  ELECTRODE 
BECOMES    BURNED   OFF   CROOKED 
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it  fuses  into  the  slag.     Globules  of  slag  (fused  soot),  which  form 
the  under  surface  of  the  upper  electrode,  also  seem  t<>  be  partly 
ponsible  for  the  dim  spells,  as  the  arc  will  plaj  on  one  globule  a 
short  time,  then  move  over  and  play  on  another,  and   so  on,  the 
changes    in   candle-power   often    occurring   at    the    time    the    arc 
changes  it-  position.    These  small  globules   of   slag  probably   have 
a  very   large   variation   in   contact    resistance,  one  globule   with   a 
large  area  in  contact  with  the  copper  having  a  low  resistance,  and 
globule  with  a  small  area  in  contact   with  the  copper  hav- 
ing a  high  resistance;  hence,  this  may  also  explain  in  some  measure 
the  change  in  candle-power  as  the    arc    moves    from    globule    to 
globule. 

The  features  discussed  above  which  were   found  to  be  char- 
acteristic of  lamps  of  the  type  in  which  the  arc  i-  burned  with  the 

brighter  end  below,  i.  e.,  with  the  posi- 
tive electrode  above,  invited  further 
tests  in  an  effort  to  overcome  these  de- 
fect-. It  was  found  t<>  he  difficult  to 
design  a  lamp  which  would  allow  the 
electrode-  to  he  so  placed  that  the  arc 
would  hum  with  the  brighter  end  up. 
'flu-  arc  would  "flame"  or  run  up  the 
negative  electrode,  which  would  cause 
wide  flucuations  in  the  arc  voltage  and 
.  i  andle-power.  Soot  colle<  ted  on  the 
ite    the    actio  a   gjdes    of    the    upper    electrode    in    the 

DOWN    I'kAFT   ON    THE    ARC  '  ,     •  ,  , 

same    way   as    was    found    in    the   other 

f  lamp,  hanging  down  and  hiding  the  light.     Accordingly  a 

lamp  was  built  in  which  the  upper  electrode  was  caused  to  rotate 

aIy:  this,   when   trimmed   with   an   electrode   of   small    diameter. 
prevented  the  "flaming'*,  but  the  »oot   -till  gave  trouble. 

A  lamp  \va^  then  built  in  which  the  arc  was  surrounded  with 

a  rapidly  revolving  current  of  air.     This  held  the  arc  in  place  but 

did  not  take  care  of  the  soot.     Lam].  fitted   with  deflecting 

tone  plates   through   which   the   up]  trode   projected,   a 

-miction  which  i-  commonly  used  in  flame  carbon  lamp-.     This 

was  of  no  benefit  as  the  soot  gathered  badly. 

Finally,  after  many  other  experiment-,  the  idea  of  surround- 
ing the  arc  with  a  downward  current  of  air  was  tried.     The  i 
periment  was  made  with  a  piece  of  bent  sheet  iron  stove  pipe.    This 
was  fitted  with  electrodes  as  shown  in  Fig.  8,  and  a  small  hole  was 
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provided  for  starting  the  draft.  When  the  arc  was  started  it  heated 
the  air,  which  immediately  rose  and  was  guided  into  the  starting 
hole  in  the  chimney,  and  the  down  draft  was  thus  formed  around 
the  arc.  This  crude  affair  showed  that  the  arc  could  be  burned 
satisfactorily  bright  end  up.  Xo  soot  collected  on  the  upper  elec- 
trode and  the  arc  did  not  run  up  the  side.  The  records  of  the 
Patent  (  >ffice  were  then  searched,  and  no  record  was  found  of  any 
arc  lamp  which  had  this  down-draft  feature,  nor  was  any  found 
in  which  the  negative  electrode  was  hurned  above.  The  develop- 
ment was  then  made  along  this  line  and  resulted  in  the  present 
design  of  metallic  flame  arc  lamp,  details  of  which  are  indicated 
in  Fig.  9. 

The  burning  of  the  arc  bright  end  up  permits  this  lamp  to  be 

of  a  very  simple  design,  in 
which  but  one  feed  clutch  is 
used.  This  clutch  acts  direct- 
ly on  the  electrode,  the  ar- 
rangement being  similar  to 
that  commonly  used  in  carbon 
lamps,  wdiere  the  practice  of 
employing  brass  rods  for  the 
clutch  to  act  upon  was  aban- 
doned owing  to  the  wear  and 
the  fact  that  they  soon  be- 
came dirty  and  would  stick. 
In  the  later  type  of  metallic 
flame  arc  lamp  no  under  feed 
mechanism  is  needed. 

FIG.    Q — TWO    CROSS-SECTIONS    OF    SERIES  „,.  ,  ,        -  - 

DIRECT-CURRENT        METALLIC        FLAME  ^  'le     QOWIl     Ciratt     01     air     IS 

arc    lamp,    showing    improved      produced   by  shutting  off  all 

METHOD    OF    VENTILATION     AND    S001  •  .  ,  ,  ,    , 

disposal  openings    in    the    glass    globe 

chamber  except  certain  ones  specially  arranged  at  the  top.  The  air 
is  drawn  out  of  the  globe  by  a  chimney  and  the  fresh  air  introduced 
has  to  enter  by  these  openings.  It  is  thus  directed  downward 
around  the  arc.  The  paths  of  the  air  currents  are  indicated  in  Fig. 
9.  The  construction  of  the  external  shell  of  the  lamp  and  chimney 
top  is  such  that  this  natural  chimeny  draft  is  much  increased 
during  high  wind,  leading  to  increased  arc  stability.  The  action  of 
the  air  currents  is  such  that  practically  all  of  the  soot  is  carried 
out  through  the  chimney,  instead  of  being  left  to  collect  at  the 
bottom  of  the  globe. 


I  Itm  ■• 
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The  lamp  is  so  designed  that,  at  time  o\  trimming,  both  elec- 
are  renewed,  so  thai   the  lamp  is  always    free   from  any 
effects  of  a  previous  run.     The  positive  electrode  is  a  small  iron 
cup  in  which  arc  coiled  ribbons  of  copper  and  iron.     It  is  mounted 
on  a  small  cylindrical  stem  which  is  inserted  in  the  lower  terminal 
shown  in  Fig.  9.      This  arrangement  serves  very  materially  to 
luce  the  cooling  of  the  electrode,  which  is  of  material  advantage 
in  its  effect  upon  the  performance  of  the  arc.     This  positive  elec- 
trode is  shown  in  detail  in  Fig.   10.     It  is  held  tightly  in  place  in 
the  terminal  by  means  of  a  tightening  screw  shown  in  h'ig  9,  and 
renewal  is  made  simply  and  quickly. 

Both  electrodes  are  of  a  type  especially  developed,  through  a 
very  considerable  amount  of  research  work,  for  use  in  this  design 
of  lamp.  The  negative  electrode  is  one-half  inch  in  diameter  and 
sixteen  inches  long.  The  details  of  its  construction  are  indicated 
in  Fig.  II.  In  its  composition  are  included  chiefly  oxides  of  iron, 
titanium  and  chromium,  as  in  the  case  of  other  types 
of  metallic  flame  lamps.  This  negative  electrode  is 
made  in  a  manner  similar  to  ordinary  carbon  elec- 
trodes, the  material  being  formed  into  a  pasty  mass 

Svpp^rtlnt  Stem:  °  _  '  J 

J£'\H'££  which  is  forced  through  a  die.  dried  and  baked.     A 
"  steel  wire  placed  lengthwise  through  the  middle  of  the 
fig.  10— positive  electrode  serves  to  carry  the  current.     With  this  ar- 

ELECTRODE 

rangement    no    sheet    iron    containing    tube    for    the 
oxides  is  required. 

The  metallic  arc  burned  with  it-  bright  end  up  and  surrounded 
with  a  downward  stream  of  air,  as  in  this  lamp,  develops  many 
interesting  features.  In  the  first  place  the  candle-power  per  watt 
tained  ( figured  from  the  mean  lower  hemi-sphcrical  candle- 
ver)  is  found  to  be  much  greater  than  that  obtained  with  the 
other  arrangement  of  the  arc  and  no  "cleaning"  draft  of  air,  so 
that  a  shorter  arc,  corresponding  to  approximately  68  volts,  gives 
at  least  as  much  light  as  an  80  volt  arc  burned  bright  end  down, 
and  often  more.  This  of  course  allows  more  lamps  to  be  put  on 
a  circuit  for  a  given  amount  of  power.  The  -hong  blast  of  air 
quickly  removes  some  of  the  envelop*  iot  that  surrounds  the 

arc,  so  that  there  is  less  loss  byabsorption  of  the  light  generated 
in  the  arc. 

The  light  is  not  subject  to  dim   spells  and   changes   in  color. 
This  improvement  is  very  pronounced  and  is  probably  due  to  several 
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causes.  For  instance,  no  copper  gets  into  the  slag  on  the  negative 
electrode,  and  there  are  no  small  globules  of  slag  having  variable 

contact  resistance  on  the  positive  electrode.  Instead  there  is  one 
large  mass  of  slag  covering  a  large  portion  of  its  top  surface, 
which  gives  a  large  low  resistance  area  in  contact  with  the  metal. 
The  strong  downward  flow  of  air  holds  the  arc  in  position  and  pre- 
vents it  from  climbing  up  the  side  of  the  upper  electrode,  and  thus 
eliminates  the  large  voltage  fluctuations.  Accordingly  the  cut-out 
adjustment  of  the  lamp  is  normally  set  at  only  95  volts.  Although 
the  upper  electrodes  frequently  hum  off  crooked,  with  the  down 
draft  of  air  this  does  not  cause  nearly  as  wide  voltage  fluctuation 
of  the  arc  as  when  the  bright  end  is  down. 

The  downward  hlast  of  air  also  prevents  the  soot  from  de- 
positing on  the  upper  electrode  so  that  a  short  arc  can  he  used,  the 
soot  not  being  there  to  hide  any  portion  of  the  arc.  The  short  arc 
presents  smaller  heat  radiating  surface  and  the  positive  electrode 

Lead  Contact 

Iron  Wl«  Imbedded  la  Lead 

Bodf  ol  Electrode:  Mid*  ot  Oxfdei  of  Iron,  Titanium  and  Chromium 
Iroo  Wire  Cemented  lolo  Electrode 
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FIG.    II — NEGATIVE    ELECTRODE    FOR   USE   IN    METALLIC 
FLAME  ARC  LAMP 

is  further  kept  very  hot  by  mounting  it  on  a  small  stem  which 
carries  oft  very  little  heat,  as  described  above.  This  results  in 
having  a  very  hot  arc  which  probably  lessens  the  voltage  fluctuation 
and  gives  a  higher  degree  of  incandescence  to  the  bright  portion 
of  the  arc. 

It  is  well  known  that  most  of  the  material  fed  into  the  metallic 
arc  comes  from  the  negative  electrode,  part  being  electrically  pro- 
jected as  a  blast  and  part  being  simply  vaporized  by  the  heat,  and 
it  has  been  noted  that  very  little  material  is  fed  in  from  the  positive. 
While  these  facts  are  true,  they  do  not  warrant  an  assumption  that 
an  arc  which  is  burned  bright  end  up,  the  lower  end  of  which  is 
not  surrounded  by  the  envelope  of  soot,  is  more  unstable  than  when 
burned  the  other  way.  It  is  true,  however,  that  the  stream  of 
material  which  appears  to  be  electrically  projected  from  the  nega- 
tive electrode  is  much  greater  than  is  necessary  to  carry  the  current. 
In  fact,  a  slow  burning  electrode  (for  example,  one  high  in  chro- 
mium) which  feeds  material  to  the  arc  at  perhaps  one-tenth  the 
rate  of  a  normal  electrode  gives  an  arc  that  is  fully  as  stable,  but 
which  is  hardly  at  all  luminous — light-giving  materials  apparently 
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the  maintenance  of  a  metallic  arc. 

from  the  positive  electrode,  while 
ill  in  quantity,  and  with  but  small  light-giving  properties,  i-  no 

carry  the  current  at  it-  end  of  the  arc.  and 
lamp   designed    for   burning   the   arc    bright    end    up,    this 

by   the   above   mentioned   provision    for 
running   the  electrode    very    hot.     Careful    tesl        f   this 

ility   fully  prove  that,  whatever  the  explanation 
this  way  of  burning  the  arc  j  stable  or  more  stable  results 

than   when   burned  bright   end  down.      It    would   appear   that   the 
metallic  arc  is  -imilar  to  th<  n  flame  arc  in  that  it  is  main- 

tain !  rend<  aide  by  the  non-light-giving  materials  which, 

with    '  1-.    arc    either    electrically    pro- 

jected int  are  evap  rated  from  the  hot  terminal-;  simply 

by  heat.     In  the  flame  carbon  arc  the  presence  or  absence  of  the 
va;  •'  calcium  ^ht-giving  material-  not    ma- 

terially affect  the  stability  of  the  arc.  which  i-  maintained  by  means 
the  non-lumi  carbon  In  the  the   metallic 

flame  arc  an  electr<>de  having  a  high  percentage  of  chromium  oxide 
and  no  titanium  o:  a  very  quiet  stable  arc.  yet  one  which 

i-luminous.     The  same  is   tr;-  i  normal  electrode 

a  dim  spell,  the  arc  being  non-luminous  yet  stable. 
An    electrode   containing  a    very   high   pero  '   titanium 

ide  ( the  main  light-givii  ice  in  the  f  metallic  an 

gives  an  arc  that  is  brilliantly  lumi  'ait  very  unstable.     From 

thi-  it  r  that,  in  the  case  of  the  metallic  arc.  the  light- 

ing mater  tually  d  bility  due  to  the  non-light- 

giving  materi 

In    thi-    article    sketch-  in    preference    to    photo- 

the    actinic    vah:  different    parts    of 

the  arc,  and  hence  the  relative  ph  >tographic  are  not  in  pro- 

i  the  light  value-,  and  it  i-  impossible  to  prevent  over- 
exposure of  the  bright  pai  an  attempt  is  made  to 
tain  any  detail-  of  those  parts  which  are  not  so  bright.  The  re-ult 
•hat  a  •  an  entirely  ;'  !.  If  a  dark  green 
glas-  and  a  dark  red  . '  ether  and 
the  arc  ol  igh  the  combination,  a  much  more  true  record 
can  b-  btained  by  sketching  what  i  n.  The  non-lumiw 
en-.  grounding  t!  tion  in  thi  !  of 
slag,  and  the  vai  in  the  brilliancy  of  the  arc  from  end  to  end 
can   be  well                    When   viewed   thr<             uch   a   combination 
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glass,  an  arc  may  be  luminous  for  a  time  over  its  entire  length, 
though  it  appears  to  be  hollow  and  brighter  near  one  end.  If  now 
a  second  combination  glass  be  added  to  the  first  one,  cutting  off 
much  of  the  light,  the  entire  are  apparently  changes  its  shape;  the 
electrodes  and  the  less  luminous  parts  of  the  arc  disappear,  the 
luminous  portion  of  the  arc  grows  -mailer,  retreating  toward  the 
negative  electrode,  and  the  envelope  of  soot  (being  non-luminous) 
disappears.  \  third  glass  will  cause  a  -till  further  decrease  in  the 
area  of  apparently  luminous  arc;  at  the  same  time  the  reflection 
in  the  pool  of  slag  -till  persists,  showing  that  it  must  be  very  bright. 
That  the  external  envelope  of  soot  which  surrounds  the  arc  is  non- 
luminous  and  only  shine-  by  reflected  light  is  also  shown  by  the 
fact  that  when  burning  the  arc  bright  end  down,  it  is  seen  to  be  no 
brighter  than  the  soot  which  bang-  from  the  upper  electrode  when 
equally  close  to  the  bright  portion  of  the  arc. 

The  arc.  when  viewed  through  the  colored  glasses,  is  at  all 
times  seen  to  be  practically  non-luminous  in  the  center,  from  end 
to  end.  The  light  comes  almost  entirely  from  a  hollow  cone-shaped 
area,  brightest  at  the  tip,  which  is  in  contact  with  the  negative 
electrode.  The  reflection  in  the  pool  of  slag  appears  to  be  about 
two-thirds  as  bright  as  this  brightest  portion. 

As  stated  above,  much  development  work  has  been  done 
on  the  electrodes,  and  it  has  been  very  evident  that  the  candle- 
power  is  affected  by  a  number  of  factor-.  The  proportion  of  sur- 
face of  the  arc  that  i-  luminous,  of  course,  affects  the  quantity  of 
light  emitted,  but  the  intensity  may  also  be  changed;  thus,  an  arc 
may  be  luminous  over  a  larger  part  of  its  length,  yet  not  give  as 
much  light  as  another  of  higher  intensity  but  having  a  smaller 
bright  area. 

The  composition  of  the  electrode-  obviously  has  much  to  do 
with  the  light  of  the  arc.  For  example,  there  are  materials  which 
diminish  the  light  given  off  by  the  titanium  oxide.  There  are  also 
materials  which  act  toward  the  metallic  arc  somewhat  in  the  same 
manner  as  cerium  oxide  act-  toward  thorium  oxide  in  the  familiar 
incandescent  gas  mantle;  they  apparently  cause  the  titanium  oxide 
to  give  more  light  without  being  light-givers  themselves.  This 
warrants  the  hope  that  the  improvement  in  the  candle-power  per 
watt  which  has  been  recently  effected  in  these  electrode-  will  be 
followed  in  the  near  future  by  even  better  results. 


WELFARE  WORK  OF  A  LARGE  MANUFAC- 
TURING  COMPANY 

HAMILTON  A.  ROGERS 
Superintendent.  Westinghouse  Electric  &  Mtjj.  Company  Relief  Department 

THE  twentieth  century  marks  an  epoch  in  the  history  of  in- 
dustrial development.  The  industries  are  now  carrying  on  their 
rk  in  a  hotter,  quicker  and  more  efficient  manner  than  ever 
before.  The  life  of  the  individual  also  is  on  a  higher,  bigger,  better 
and  broader  plane  than  has  hitherto  been  possible.  While  here- 
tofore in  many  instances  the  contest  for  supremacy  has  so  absorbed 
the  attention  of  the  managers  of  these  industries  that,  in  general, 
the  welfare  of  the  employee  has  practically  been  overlooked,  to-day 
industrial  concerns  are  everywhere  commencing  to  recognize  the 
result  of  this  imperfect  development  and  are  earnestly  interesting 
themselves  in  the  well-being  and  contentment  of  their  employees. 

The  thousands  of  name-  which  appear  on  the  pay  rolls  of  any 
one  of  our  large  industries  make  it  impossible  for  the  person  in 
immediate  charge  to  acquaint  himself  with  the  needs  of  each'  em- 
ployee— hence,  the  necessity  of  organization.  Recognizing  this  feat- 
ure in  the  problem,  a  solution  in  a  particular  case  was  reached 
about  ten  years  ago  by  Mr.  E.  M.  Ilcrr,  president  of  the  Westing- 
house  Electric  &  Mfg.  Company,  but  who,  at  the  time  was 
general  manager  of  the  Westinghouse  Air  Brake  Company.  He 
de\  I    an    organization    that    was    one    of    the    first    "Relief 

Department -"■  of  consequence  among  industrial  concerns  in  this 
country.  This  new  department  immediately  became  popular  with 
the  workmen  and  its  success  was  phenomenal  from  the  start. 

even  years  ago  Mr.  Herr  severed  his  connection  with  the  Air 
Brake  Company,  to  accept  the  position  of  first  vice  president 
of  the  Electric  Company.  After  becoming  acquainted  with  the 
situation  he  took  steps  to  organize  a  relief  department  for  the 
Electric  Company  along  lines  similar  to  the  one  operated  by  the 
Air  Brake  Company.  The  success  attained  by  the  older  organiza- 
tion was  soon  duplicated  at  the  Electric  Company. 

Notwithstanding  the  fact  that  membership  is  purely  voluntary 
on  the  part  of  the  employee,  the  popularity  of  the  relief  department 
cannot  be  more  substantially  presented  than  by  referring  to  the 
present  membership,  which  is  nearly  85  percent  of  the  number  of 
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male  employees.  This  is  an  exceptionally  high  mark,  considering 
the  fact  that  men  over  fifty  years  of  age  are  not  admitted  to  full 
membership,  and  also  that  some  cannot  pass  the  requirements  of 
medical  examination,  while  others,  who  prefer  outside  insurance 
take  the  position  that  they  are  sufficiently  well  protected  and  see  no 
advantage  in  joining  the  relief  department.  It  is  aimed  to  make  the 
methods  of  the  department  helpful  and  ambitious;  so  that  they  can- 
not be  overlooked  in  even  a  casual  discussion  concerning  the  wel- 
fare of  the  employees.  Its  officers  are  progressive  and  always  on 
the  alert  for  improvement. 


VIEW   IN    SUPERINTENDENTS   OFFICE 

General  headquarters  of  relief   department. 

The  Company  has  provided  commodious  quarters  for  carrying 
on  the  work.  The  superintendent's  office  is  fitted  up  with  all  the 
necessary  equipment  required  to  handle  the  large  volume  of  busi- 
ness of  the  department.  The  filing  system  is  efficient  and  compre- 
hensive. The  records  of  each  individual  member  are  kept  in  a 
separate  file,  and  through  the  numbering  system  all  information 
concerning  a  member  naturally  finds  its  way  to  the  proper  place 
in  the  files.  When  a  member  leaves,  his  file  is  kept  intact,  and  in 
case  he  returns  to  the  Company's  service  and  wants  to  be  rein- 
stated, his  membership  is  carried  on  his  old  number. 
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The  i  ffice  of  the  medical  director,  where  prospective  members 

are  examined  and  where  am    employee  is  given  attention  by  the 

medical  attendants  in  cases  of  sickness  or  accident,  is  a  spacious 

I  well  lighted  room,  fitted  up  with  the  latesl  improved  facilities 

the  work.  The  surgical  instrument  case  is  supplied  with  all 
implements  necessary  for  such  work.  Two  Large  medicine  cases 
contain  various  materials  and  drugs  which  may  In-  needed  to  relieve 
minor  illnesses  of  almosl  an)  nature.  A  powerful  magnet  has  heen 
installed  for  use  in  removing  pieces  of  steel  or  iron  which  may  acci- 
dentally become  imbedded  in  tin  eye  or  other  parts  of  tin-  body. 
There  are  rest  rooms  for  sick  men  and  women.  These  rooms  are 
provided  with  cots,  stands  and  lavatories,  and  are  finished  through- 


ORD  FILE  <  ASES 

Complete  information   regarding  -      ID 000    names     is     systematically 

filed  so  that  details  regarding  any  one  i-  accessible  at  a  moment's  notice. 

•  in  white  enamel.  An  electric  ambulance  is  ready  at  a  moment's 
notice  to  convey  the  sick  and  injured  to  their  homes,  or  if  need  be 

■     '  pital. 

Empl  rking  in  dangerous  places  where,   for  example, 

there  i    |      ;ibility  of  electric  n  instruction  in  the  iry 

and  practice  in  the  art  of  artificial  respiration  by  the  prone  pressure 
method.     Cla  mble  in  the  medical   director's   office  at  3.30 

ML  daily  for  this  instruction,  and  when  found  competent  are  given 
a  certificate  of  proficiency  in  resuscitation  from  electric  shock.  As 
a  result  of  this  plan  men  are  available  in  every  part  of  the  work.-, 
who  art  ready  to  act  at  a  moment"-  notice  in  car  some  fellow  work- 
man has  had  the  misfortune  to  receive  a  serious  electric  shock. 
Cases  of  electric  shock  arc  fortunately,  however,  of  only  rare  ac- 
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currence.  Medicine  cabinets  containing  simple  remedies  are  in- 
stalled throughout  the  factory,  especially  in  places  where  women 
are  employed  mi  test  floors,  with  remedies  to  be  used  in  case  of 
electric  shock  to  supplement  artificial  respiration.  The  dressing  of 
injuries  by  the  foreman  or  other  employees  is  not  recommended. 
No  matter  hew  slight  the  injury,  it  is  the  practice  to  rush  the 
patient   to  the  relief  department. 

ORGANIZATION 

The  relief  department  is  a  department  of  the  Company's  serv- 
ice in  the  executive  charge  of  a  superintendent  appointed  by  the 


MEDICAL    DIRECTOR  S     HEADQUARTERS 

Where   sick   and    accident    eases   are   handled,    and   where   prospective 
members  receive  medical  examination.     View  showing  part  of  equipment. 

vice  president  in  charge  of  manufacturing,  and  whose  directions  in 
carrying  out  its  regulations  are  to  he  complied  with,  subject  to  con- 
trol of  the  vice  president,  except  in  such  matters  as  are  under  the 
control  of  the  advisory  committee. 

OBJECT 

The  ohject  of  the  department  is  the  establishment  and  manage- 
ment of  a  fund  to  he  known  as  the  "relief  fund'7  for  the  payment 
of  definite  amounts  to  employees  contributing  thereto.  The  Com- 
pany guarantees  the  fulfillment  of  its  obligations;  takes  charge  of 
all  moneys  belonging  to   the   fund  and  is   responsible   for  its   safe 
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keeping;  pays  into  the  fund  interest  at  the  rate  of  four  percent 
per  annum  on  monthly  balances  in  its  hands ;  supplies  the  necessary 
facilities  for  conducting  the  business  of  the  department  and  pays 
the  operating  expenses. 

THE  ADVISORY   COMMITTEE 

The  advisory  committee  consists  of  fourteen  members  and  a 
chairman.  The  vice  president  is  ex-officio  a  member  and  chairman 
of  the  committee,  which  is  chosen  annually  in  December  to  serve 
one  year  from  the  first  day  of  January  next  succeeding.  One-half 
of  the  members  are  appointed  by  the  vice  president  and  one-half 
elected  by  employees  who  are  members  of  the  relief  department 
from  among  themselves  on  the  basis  of  membership  in  the  different 


MEDICAL    DIRECTORS     HEADQUARTERS 

Another  view  showing  medicine  case    and  other  equipment,  including  magnet. 

sections  of  the  works,  according  to  a  schedule  fixed  by  the  regula- 
tions. The  superintendent  acts  as  ex-officio  secretary  of  the  com- 
mittee, which  meets  quarterly  on  call  of  the  chairman,  when  reports 
of  the  department's  business  are  presented  and  subjects  pertaining 
to  its  operations  are  discussed.  The  committee  members  consult 
with  the  superintendent  in  regard  to  matters  concerning  members 
of  their  districts;  take  up  questions  concerning  disputed  claims; 
present  appeals  from  the  superintendent's  ruling  at  the  quarterly 
meetings,  their  principal  aim,  however,  being  to  keep  in  touch  with 
the  members  in  their  district  and  see  that  all  are  satisfied.  Their 
efforts  in  this  direction  have  proven  very  successful. 
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I  BE    SUPERINTENDENT 

The  superintendent  has  charge  of  all  business  pertaining  to 
the  department.  He  employs  such  clerks  and  other  assistants  as 
are  required,  subject  to  the  approval  of  the  vice  president, 
prescribes  the  forms  and  blanks  to  be  used,  certifies  all  bills 
and  pay  rolls  of  the  department,  signs  all  warrants  for  pay- 
ment of  benefits,  furnishes  to  the  committee  such  reports  as  they 
may  require,  and  decides  all  questions  properly  referred  to  him, 
interprets  the  rules,  and  if  he  cannot  satisfy  the  claimant,  it  is  then 
entirely  within  the  scope  and  the  duty  of  the  advisory  committee 
to  act  upon  any  rule  that  may  admit  of  more  than  one  plain  con- 
struction. 

THE    MEDICAL   DIVISION 

The  medical  staff  consists  of  a  medical  director  and  one  or 

more  assistants,  accord- 
ing to  the  requirements 
of  the  work.  The  med- 
ical director  has  general 
supervision  of  the  med- 
ical and  surgical  affairs 
of  the  department,  sub- 
ject to  the  approval 
and  the  control  of 
the  superintendent.  The 
medical  division  of  the 
department  at  present 
consists  of  the  medical 
director  and  two  assist- 
one  of  the  rest  rooms  ants>    one    of    these    as- 

sistants  being  on  duty  with  the  medical  director  during  the  day  and 
the  other  at  night.  There  is  thus  a  doctor  on  hand  at  all  times, 
ready  for  quick  action  in  emergency  cases.  The  introduction  of  the 
night  doctor  is  a  recent  idea,  and  the  thought  has  proven  a  wise  one, 
and  one  which  is  appreciated  by  the  workmen,  as  results  have  shown. 
A  large  night  turn  works  in  the  factory,  and  the  men  are  pleased  to 
have  quick  attention  in  case  of  injury.  Under  the  old  method,  an 
outside  physician  would  be  called  in,  half  an  hour  sometimes  being 
consumed  in  bringing  one  to  the  scene  of  action. 

MEMBERSHIP 

There  are  five  classes  in  which    an    employee    may   become    a 
member.     This  is  determined  by  the  finding  of  the  physical  exam- 
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inations,  and  by  the  amount  oi  his  average  monthly  earnings.  Any 
male  employee  not  over  fifty  years  of  age  may.  upon  passing  a  sat- 
isfactory physical  examination  and  upon  approval  of  his  application 
by  the  superintendent,  become  a  member  in  the  highest  class  al- 
lowed by  his  pay.  or  he  may  enter  any  lower  class.  In  case  an 
applicant  for  membership  should  be  rejected  on  account  of  age,  or 
any  other  just  cause,  he  is  eligible  for  partial  membership  under 
accident  protection  only,  on  recommendation  of  the  medical  director 
and  approval  of  the  superintendent,  lie  contributes  half  the  reg- 
ular rates  for  full  membership  in  the  first  class  and  is  eligible  for 
full  rates  for  accident  disability  or  death  benefits  resulting  from 
accidental  injuries. 

While  female  employees  are  not  admitted  as  members  of  the 
relief  department  it  must  not  he  construed  that  they  are  neglected 
in  any  way;  to  the  contrary,  they  are  cared  for  just  as  though 
they  were  members.  Matrons  are  employed  to  look  after  their 
welfare.  They  receive  free  medical  attention  and  everything 
practicable  is  done  to  make  working  conditions  satisfactory.  They 
do  not  contribute  to  the  fund  and  therefore  cannot  participate  in 
the  distribution  of  benefits. 

CONTRIBUTIONS 

Contributions  for  full  membership  are  made  monthly  at  the 
following  rates : — 

1st    class  earning  les>    than    $45.00    per    month     $0.50 

2nd  $45   to  $60  per  month    0.75 

}nl        "             "  $60  to  $75     "           "        1.00 

4th        -             -  $75  to  $95     '•           "         I.25 

5th       -            "  $95    &    over  "          "        1.50 

BENE  FITS 

A  member    is    entitled    to    receive    benefits    continuously    i>>^ 

thirty-nine  weeks  for  any  disability  caused  by  accident  or  sickness 

as  allowed  by  the  regulation^  or  caused  by  a  succession  or  a  comhi- 

natio"  of  accidents  and  sicknesses.    The  following  benefits  are  paid 

to  memhers   or   heneiiciaries   entitled    thereto,    except    for   the   first 

week  of  disability  which  is  classed  as  due  to  sickne 

Wee 
Sicknee 

Fir  33  $5-5° 

Second  "  

Third  "  

Fourth  "  

Fifth  "  

Accident  benefits  are  paid  to  members  whether  injury  occurs 

on  or  off  the  Company's  premises.     In  addition  to  the  death  benefit 


Weekly 

Benefits 

Death 

Sickness 

Accident 

Benefits 

$5-50 

6.00 

$100.00 

8.25 

9.00 

125.00 

I  t.oo 

12.00 

1 50.00 

13-75 

15.00 

1 50.00 

l6  ! 

18.00 

150.00 
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mentioned  above,  the  Company  pays  a  like  amount  as  a  gratuity 

upon  the  death  of  an  employee  who  is  a  member  of  the  relief  de- 
partment. 

FINANCIAL  VALUE  TO  MEMBERS 

In  order  to  judge  the  financial  value  of  the  relief  department 
to  the  members,  attention  is  called  to  the  amount  distributed  among 
the  members  for  benefits  during  the  year  ended  December  31st, 
1911,  viz.,  $31270.38,  of  which  $17935.45  was  paid  for  sick  ben- 
efits, $10409.93  for  accident  benefits,  and  $2925.00  for  death  bene- 
fits to  the  heirs  of  the  deceased  members.  To  more  substantially 
present  the  financial  value  of  the  plan,  attention  is  called  to  the 
fact  that  the  amount  distributed  among  the  members  during  the 
five  years  of  the  department's  existence  is  a  total  of  $110202.57,  of 
which  $60073.19  was  paid  for  sick  benefits,  $38654.38  for  accident 
benefits  and  $11475.00  for  death  benefits  distributed  among  the 
legal  heirs  of  deceased  members.  There  is  at  present  a  very  sub- 
stantial surplus  in  the  department's  treasury. 

The  importance  of  the  work  done  in  the  medical  division 
should  not  be  overlooked.  Thousands  of  sick  and  injury  cases  are 
skillfully  treated  each  year.  The  medical  director  and  his  assistants 
are  up-to-date  physicians  and  surgeons  and  by  prompt  and  efficient 
work  many  eyes,  hands  and  fingers  are  saved.  Prompt  treatment 
of  minor  sick  and  injury  cases  prevent  many  probable  long  sieges 
of  disability,  thus  saving  much  loss  of  time  for  the  workman. 

In  addition  to  this  work  in  the  relief  department,  the  manager 
of  works  and  his  assistants  are  earnestly  working  along  lines  of 
sanitation  and  accident  prevention.  Safety  appliances  are  being 
placed  on  machines,  and  this  work  has  resulted  in  a  marked 
decrease  in  the  number  of  serious  accidents  reported.  Ventila- 
tion is  being  improved ;  also  an  improved  sanitary  drinking  water 
system  is  about  to  be  installed. 

The  relief  department  is  the  pulse  of  an  army  of  workers.  Its 
superintendent  and  medical  attendants  are  continually  meeting 
large  numbers  of  employees  and  are  hence  in  a  position  to  judge 
the  feeling  and  attitude  of  the  workmen.  It  can  safely  be  said  that 
the  welfare  work  being  done  by  the  Company  is  greatly  appreciated 
by  the  employees  and  that  a  general  spirit  of  contentment  prevails. 


THE  JOURNAL  QUESTION   BOX 

Our  readers  are  invited  to  use  this  department  for  obtaining  information 
on  electrical  and  mechanical  subjects.  The  topics  should  be  of  general  in- 
terest and  of  the  kind  that  can  be  treated  briefly.  Each  inquiry  should  b* 
accompanied  by  a  stamped  return  envelope. 

Address  all  questions  to  The  Journal  Question  Box,  care  of  The  Electric 
Journal,  Box  $11,  Filtsburgh,  Pa. 


701 — Resistances  in  Parallel — Given 
u  wires  each  of  one  ohm  resist- 
ance, connected  together  so  as  to 
form  the  outline  of  a  cube,  as 
shown  in  Fig.  701  (a) ;  what  is  the 
resistance  between  points  diagonal- 
opposite?  Please  give  proof  as 
well  as  answer.  L.T. 

The  resistance  of  cube  from  B 
to  A  is  five-sixth  ohm.  From  rea- 
sons of  symmetry  the  drop  in  /,  2 
and  3  will  be  the  same,  making  their 
terminals  of  the  same  potential,  and 
their  resistances  may  be  regarded  as 
10 


1 1 


1    l-.  70  1   fa) 

in  parallel  and  so  equal  to  one-third 
ohm.  Similarly  10,  11  and  12  in  par- 
allel have  one-third  ohm  resistance; 
and  again  the  six  resistances  4,  5,  6, 
7,  8  and  9  each  have  their  terminals 
at  same  potential  and  the  joint  re- 
sistance is  therefore  one-sixth  ohm, 
thus  making  a  total  resistance  of 
-sixth  ohm.  \.s. 

702 — Connections    of    Arc    Light 
Compensator — Please  give  meth- 
od of  connecting  a  60  cycle  7.5  am- 
pere,  four-light,  440  volt  compen- 
sator on  a  three-phase  480  volt  cir- 
cuit J.A.K. 
In  using  the  arc  light  compensa- 
tor on  a  three-phase  circuit,  the  pri- 
mary, or  440  volt  side,  is  simply  con- 
nected across   any  one  of   the  three 
phases   in   the   same   manner   that   it 
:ld  be  connected  to  a  single-phase 
circuit.     The  compensator   is   simply 


an  auto  transformer  having  enough 
turns  in  the  winding  to  make  it  suit- 
able for  440  volts,  60  cycles,  and  suit- 
able taps   arc  brought  out  to   divide 


-440  v. 
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-no  v.- 


no  v. 


•110  v.- 


110  V. 


Fig.  702  (a) 

the  winding  into  four  equal  sections, 
each  of  which  would  then  have  a 
voltage  of  one-quarter  of  the  primary 
voltage.  The  arrangement  is  shown 
in  the  diagram.  Fig.  702  (a).      A.P.B. 

703 — Boosters  for  Three-Phase  Cir- 
cuit— To  boost  a  three-phase  sys- 
tem should  two  or  three  boosters 
be  used?  Please  show  voltage  vec- 
tors  for  both  cases.  J.c.h. 

Either  two  or  three  boosters  may 
be  used.  With  a  step  type  regulator 
giving   good    regulation,    i.    e.,    small 


(a) 


703 


(b) 


voltage  drop   with    increase   in   load, 

two  regulators   would  probably  give 

1    results.      With    induction    type 

ulators,     which     have     somewhat 

rer       regulation,      three       would 

probably  be  needed.     Fig.  703  (a) 

shows    the    vector    relations    of    the 

voltages  with  two  boosters,  in  which 

ABC  represent  the  line  voltages  of 

the     respective     phases     and     AB'C 

represent    the    booster    voltages.      A 

corresponding    vector     diagram     for 
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three  boosters  is  shown  in  Fig. 
703    (b).  E.E.L. 

704 — Area  of  Magnetic  Path — How 
is  the  area  of  cross-section  of  the 
required  magnetic  circuit  to  pro- 
duce a  given  induction  calcu- 
lated? C.E.B. 

The  cross-section  of  the  required 
magnetic  circuit  to  produce  a  given 
induction  for  an  alternating  current 
transformer  can  be  calculated  by  the 
following  formula: — 
A_  V  x  io8 

444  B  X   f 

In  which  A  =  cross-section  of  mag- 
netic circuit  in  square  inches,  V  = 
voltage,  N  =  number  of  turns,  5  = 
induction  in  lines  per  sq.  inch,  /  = 
frequency  in  cycles  per  second.  In 
this  connection  see  "Notes  on  the 
Design  of  Transformers,"  in  the 
Journal  for  Jan.,  1912,  p.  94.       j.f.p. 

705 — Connection  for  Induction 
Regulator  with  Relay  Control — 
Please  give  diagram  of  connections 
for  an  induction  regulator,  includ- 
ing the  connections  for  the  aux- 
iliary relay,  voltage  relay,  and  the 
two  resistances.  w.a.c. 

A  diagram  of  connections  of  the 
main  and  auxiliary  circuits  of  a  mo- 
tor-operated induction  regulator  con- 
trolled by  means  of  primary  and 
secondary  voltage  regulating  relays 
is  given  in  Fig.  3  of  an  article  on 
"Voltage  Regulating  Relays"  in  the 
Journal  for  October,  1909,  p.  637. 
This  diagram  will  give  an  idea  of 
the  method  of  operating  such  appa- 
ratus. If  this  diagram  is  not  found 
to  be  applicable  to  your  apparatus 
we  would  suggest  that  you  make  in- 
quiry of  the  manufacturers  giving 
name  plate  rating  of  regulator,  se- 
rial number,  and  other  facts  which 
have  a  bearing  on  the  case  in  ques- 
tion, e.r.s. 

706  —  Details  of  Monocyclic  or 
Teaser  System — Please  explain 
the  winding  of  a  single-phase  gen- 
erator for  a  monocyclic  or  teaser 
system,  such  as  is  "referred  to  in 
the  Journal  for  October,  1908,  p. 
605.  What  would  be  necessary  to 
change  the  single-phase  winding  to 
a  _  regular  three-phase  winding, 
without  changing  the  sections  of 
the  teaser   distribution   system? 

L.Y.S. 


In  the  monocyclic  generator, 
which  was  developed  before  the 
three  phase  system  came  into  gen- 
eral use  to  enable  polyphase  motors 
to  be  run  from  a  system  primarily 
designed  for  single-phase  lighting 
load,  the  winding  consisted  of  two 
sections;  a  main  concentrated  sin- 
gle-phase winding,  and  an  auxiliary 
or  teaser  winding.  The  latter  is  de- 
signed to  generate  about  one-fourth 
the  voltage  of  the  main  winding  and 
is  wound  in  slots  situated  midway 
between  those  occupied  by  the  main 
coils,  as  shown  in  Fig.  706(a).  One 
end  is  then  connected  to  the  middle 
of  the  main  winding  and  the  other 
brought  out  from  the  machine  with 
the  main  leads.  The  relations  be- 
tween the  voltages  are  shown  in  Fig. 
706  (b),  ab  being  the  voltage  pro- 
duced by  the  teaser  winding  and 
being  one-fourth  that  of  the  main 
winding  AB,  which  represents  the 
voltage  between  the  main  wires, 
while  Ab  and   bB   represent   respec- 


(a) 


Fig.  706 


(b) 


tively  that  between  the  outer  wires 
and  the  teaser  wire.  By  connecting 
two  transformers  in  series  across 
the  main  wires  and  their  common 
point  to  the  teaser  wire,  and  mak- 
ing a  similar  connection  on  the  sec- 
ondary side  of  the  transformers, 
with  the  exception  that  one  second- 
ary should  be  reversed,  approxi- 
mately a  three-phase  system  will  be 
obtained,  with  secondary  voltages 
represented  by  Ab,  bC  and  CA.  As 
stated  above,  these  machines  had 
concentrated  windings,  and  as  a  rule 
only  one  main  slot  per  pole,  so  that 
it  would  be  impossible  to  change  to 
a  regular  three-phase  winding. 

R.W.T. 

707 — Wattmeter  Readings  on  Six- 
Phase  Converter  Circuit — A  ro- 
tary converter  connected  diamet- 
rically is  the  equivalent  of  three 
single-phase  systems,  and  con- 
nected double  delta  is  the  equiv- 
alent of  two  three-phase  systems. 
The  total  volt-amperes,  in  the  first 
case,  is  the  sum  of  the  volt-am- 
peres  of   the   three  phases  and  in 
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I  case  is  the  sum  of  the 
it-amperes    of    the    two    thn 
ph  ms      Should   the   watt- 

meters in  the  diametrically  con- 
nected rotary  all  read  positive  and 
their  readings  be  added  to  give  the 
.  er ;  if  so,  why?  Also  in 
the  double  delta  connections,  do 
the  same  conditions  regarding  the 
w  ttmeters  hold  as  in  any  three- 
phase  system,  and  why?  What 
will  he  the  power-factor  in  each 
How  should  a  power-factor 
meter  be  c  >nnecti  1.  and  how  can 
it  be  told  whether  the  connection 
is  right  or  not?  S.L.H. 

With    a    diametrical    connection, 
if  three  single-phase  indicating  watt- 
meters   are    connected,    one    to    indi- 
cate  tht  >n   each   power   trans- 
icr.   all  the   meters   must   have   a 
positive  reading  unless  the  power  is 
reversed  in  one  or  two  of  the   Hau- 
lers.    Such  a  reversal  would  not 
be  like!;            :cur  unless  the  primary 
idly  unbalanced.     The 
sum    of    all    the    readings    uives   the 
•    •   ]  power,  because  the  total  power 
lie    sum    of    the    three    parts    re- 
ceived   from  the  three  transformers. 
]f  one  of  the  wattmeters  indicates 
iwer,  the  numerical  value 
of   its   reading  should   be    subtracted 
i    the    sum     of     the    other    I 
5,     With    a   double-delta   con- 
nection each  delta  is  a  distinct  three- 
-e    circuit;    and,    of    course,    one 
phase  or  two  phase   watt- 
meters and  a  polypi  '--factor 
meter    may    be    connected    to    each 
a,  the  same  r  three- 
phase  circuit.     In  the  article  on  "Re- 
'.'  and  Y  Connections,"  in  the 
'..  for   Nov.,   ton.   Figs.  9  and 
IO   show   how   transformers    may    be 
conned              that  only  one  polyp] 
wattmeter                   r-factor   meter  is 
required     for     both     deltas     of     the 

r   for  the  three  pi 
transformers  of  the  diametrical  cir- 
The  wattmeter  must  in  either 
e  cases  have  a  current  capac- 
ter  than   the   secondary  cur- 
rent   of    a    single    transformer.      See 
■    r  and  R  nnections," 

March.    1009.    pp.    172-181.      Figs.    1 
and   S   of  this   article   give  the   Con- 
ner      •    I   r   a   polyph  vr-fac- 
meter.     See  also  article   in   the 


Pec,  1908,  issue,  pp.  729-30  for  ad- 
ditional information  on  power-factor 
meter-  H.W.B. 

708— Half  Voltage  Taps  on  Three- 
Phase  Transformers — A  300  kw, 
three-phase,  0000  to  -'50  and  125 
volt  transformer  is  delta  connected 
on  both  sides.  Taps  are  brought 
out  at  the  middle  point  of  the  low- 
tension  winding  in  order  to  get 
125  volts,  as  shown  in  Fig.  708 
l  a  1.  What  would  be  the  maxi- 
mum allowable  current  per  phase 
in  the  125  volt  line,  assuming  that 
the  transformer  is  rated  at  300 
lew  at  100  percent  power-factof, 
and  that  no  current  is  taken  at  250 
volts?  Mow  is  the  current  in  the 
i_S  voll  circuit  calculated?  Are 
the  current  outputs  of  this  trans- 
former similar  to  what  would  be 
obtained  with  three  single-phase 
transformers  having  two  low-ten- 
sion  windings,  by  means  of  which 
twice  the  current  can  be  taken  off 
at  half  the  voltage  by  putting  the 
two  halves  of  the  winding  in  mul- 
tiple? R.I-.ll. 
The    current    from    the    line 

two  circuits:  viz.,  for  phase  AB,  Fig. 

70S  (a),  one  circuit  AlB  having  an 


(b) 
Fig.  708 

impedance  Z,  and  a  second  circuit 
A3C2B  having  an  impedance  2/.. 
Likewise,  phases  BC  and  C.  /  have 
one  circuit  with  an  imp<  dance  Z,  and 
with  an  impedance  2/.  The  cur- 
rent- will  divide  in  the  circuits  in- 
versely as  their  impedances.  There- 
fore the  current  in  the  winding  be- 
tween A  and  5  =  2/3  current  in 
phase  ABx.  h->,  current  in  phase  BC 
+  1/3  current  in  phase  CA.  The  cur- 
rent in  the  different  phases  must  be 
added  in  proper  phase  relation, 
as  shown  by  Fig.  708  (b),  and  is 
equal  to  the  phase  current.  The  cur- 
rent in  the  line  is  V3  times  the  cur- 
rent in  the  winding.  The  winding  of 
a  300  k.v.a.,  three-phase,  250  volt, 
delta  connected  Iran -former  is  de- 
ned  for  a  normal  current  of 
300  -j-  (3  /  250)  =  400  amperes,  When 
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the  load  is  taken  from  the  middle 
point   of   the  delta  at   12s   volts,  the 

maximum  current  in  the  line  =  V3  X 
400  =  692  amperes,  which  corrc- 
sponds  to  125  X692XV3  =  150  k.v.a. 
Evidently  the  maximum  current  in 
the  line  is  the  same  for  125  volts 
taken  from  the  middle  point  as  it  is 
for  250  volts  taken  from  the  corners 
of  the  delta.  J.F.P. 

709 — Copper  Wire  Used  as  Fuse — 
What   sizes  of  copper   wire  should 
be   used   in   an  emergency   in   place 
of    the    standard    capacities    of    en- 
closed  fuses.     Consider  break   dis- 
tance   to    be    about    three    to    f out- 
inches,  and  open  to  the  air.      R.D.C. 
Copper    wire    should    not    he    used 
in    place   of    any    enclosed    fuses.      A 
supply   of   extra   fuses   should   always 
be  kept  on  hand  to  meet  emergencies. 
The   copper   wires   which    are   equiva- 
lent   tn    standard    capacities    are    as 
follows  : 

Amp.  B  &  S  Size  Wire. 

30  19 

60  IS 

100  1 1 

200  10 

400  _  7 

The  objections  to  using  a  copper 
wire  are: 

1 — That  such  use  would  not  be  ap- 
proved by  the  Underwriters  due  to 
the  severe  flash  when  the  wire  melts. 
to  not  being  enclosed  in  a  cabinet 
a'nd  to  the  possibility  of  fusing  for 
greater  current  than  the  capacity  of 
the  \\\>c  block;  2 — Proper  contact 
would  not  be  made;  3 — The  wire 
may  melt  first  in  the  holder  and  in- 
jure or  destroy  it;  4 — The  arc  may 
maintain  itself,  destroying  the  hold- 
ers and  block,  and  even  set  fire  to 
any  surrounding  combustible  mate- 
rial. G.S.C. 

710 — Auto  vs.  Shunt  Transformers 
for  Portable  Meters  —  Which 
are  the  better  transformers  to  use 
with  portable  meters,  auto  or 
straight  shunt,  transformers?  If 
auto-transformers  are  applicable,  is 
it  not  advisable  to  mark  them  as 
such?  W.P.D. 

Auto  -  transformers  have  the 
slight  advantage  of  lesser  weight, 
compared  with  transformers  having 
separate      primary      and      secondary 


windings.  Whenever  they  are  used, 
they  should  be  clearly  marked  as 
such,  and  the  connections  from  the 
terminals  to  the  windings  indicated 
by  a  diagram,  so  as  to  prevent  ap- 
plying over-voltages  to  the  meters 
due  to  incorrect  connections,  espe- 
cially on  polyphase  systems.  Fig.  710 
(a)  is  an  example  of  two  auto-trans- 
I'ormcrs  properly  connected  to  a  440 
volt,  three-phase  system  and  to  two 
meters  having  110  volt  windings. 
Fig.  710  (b)  is  an  example  of  an  in- 
correct connection  which  might  be 
made     with     auto-transformers.      In- 
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stead  of  no  volts,  330  volts  are  ap- 
plied to  the  meters.  Fig.  710  (c)  is 
an  example  of  another  incorrect  con 
nection  causing  a  short-circuit  of  the 
transformer  windings.  The  best 
practice  is  to  use  transformers  with 
separate  windings  instead  of  auto- 
transformers.  P.M. 

711 — Lightning  Arrester  Protec- 
tion for  Local  Circuits — On  yard 
lines  of  isolated  plants  is  it  cus- 
tomary to  protect  transformers 
with  lightning  arrester;  for  ex- 
ample, on  a  220  volt  circuit  with 
approximately  1  000  feet  of  pole 
line?  J.c.n. 

It  is  not  customary  since  no 
and  220  volt  circuits  are  usually 
too  short  to  be  subject  to  trouble. 
If  as  long  as  2000  feet,  however, 
and  exposed  also,  the  use  of  a 
simple  non-arcing,  metal  arrester 
of  one  gap  to  ground  would  be 
helpful.  r.p.J. 

712 — 33000  vs.  10  000  Volt  Trans- 
formers for  Transmission  Line — 
On  a  23  mile,  33000  volt,  three- 
phase  line  transmitting  1  000  kw,  a 
sub-station  is  to  be  located  two  or 
three  miles  from  the  load  to  step 
down  to  10  000  volts.  A  short 
branch  line  will  also  be  connected 
near    this    point.      The    first    five 
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miles  of  line  is   No.  8  hard   drawn 
pper  wire:   the   nexl    I5>    No.  6, 

and  the  remainder  No.  •),  the 
larger  sizes  being  employed  Eor 
strength  due  to  ice  during  the  win- 
ter. Will  it  be  cheaper  :•>  operate 
at  33000  \  •  •! t  >  to  all  points,  using 
step-down  transformers  to  220  and 
44(i.  or  will  it  be  better  to  put  in 
a  sub-station  stepping  down  to 
10 OO0  and  then  to  440  and  220  at 
each  place  of  consumption?  At 
present  only  10  000  volts  is  used  on 
the  line,  hut  later  the  33000  volts 
will  be  used.  The  sub-station  will 
be  placed  in  the  section  where  the 
No,  4  copper  is  used,  so  that  the 
line  loss  will  be  a  minimum  even 
if  10000  volts  is  used.  Will  33000 
volt  transformers  he  cheaper  than 
the  10 000  volt  tran.- formers,  taking 
into  account  the  loss  due  to  di 
of  voltage  over  part  of  the  lin  . 
Please  suggest  books  on  the  eco- 
nomics  of  electrical  transmission 
of   power  over   Ion-    distances? 

F.P.M. 

Transformers  for  10 000  volts  are 
cheaper  than  33  000  volt  units ;  how- 
ever, it  would  be  better  to  use  11  000 
volt  transformers  as  this  is  a  stand- 
ard voltage.  As  the  distance  to  be 
fed  is  not  over  three  miles,  we  would 
suggest  that  the  current  be  stepped 
1  from  33000  volts  to  2200  volts 
for  distribution  from  the  sub-station, 
as  this  lower  voltage  will  allow  of 
the  use  of  cheaper  line  insulation, 
and  is  better  than  distributing  at 
10  000  volts  to  consumers'  premises. 
This  voltage  makes  feasible  direct 
distribution  without  transformer- 
the  load,  as  standard  motors  are  ob- 
tainable for  operation  directly  on 
2200  volts.     See  answer  to  Xo.  465. 

suggest    the     following    bor ' 
"Long  Distant  Electric  Power  Trans- 
mission,"     by      Hutchinson       ($2 
net)  ;       "Transmission       of       W 
Power,"  by  Adam-  I  ;  "Al- 

ternating-Current      Machinery,"      by 
Sheldon  and  Mason   ($2.50,net). 

A.I  . 

713  —  Unbalancing     on     Induction 
Motor     Circuit — A     switchboard 
panel  controls  a  200  hp.  2200  volt, 
three-phase     induction     motor,     di 
rect-connected     to     a     centrifugal 


pump.  This  motor  receives  cur- 
rent from  the  secondaries  of  a  set 
of  three  transformers  which  are 
delta  connected  on  the  primary  and 
Star-connected  on  the  secondary 
side,  with  the  neutral  grounded. 
The  primaries  supply,  also,  three- 
phase  induction  motor  and  lights 
for  a  mill.  The  voltage  between 
the  secondary  wires  is  3800.  The 
three  secondary  lines  are  run 
through  the  switchboard  direct  to 
the  motor,  which  is  star-connected 
with  a  grounded  neutral.  The 
switchboard  contains  the  ordinary 
equipment  of  indicating  and  record- 
ing instruments  and  their  trans- 
formers? The  switchboard  watt- 
meters are  connected,  as  shown  in 
Fig,  iJ,  p.  49,  of  the  Journal  for 
January,  1909.  It  is  desired  to 
know  if  tli.  extent  of  unbalancing, 
causing  flow  of  current  through 
the  grounded  neutral  will  be  so 
great  that  with  the  above  method 
of  connection,  these  instruments 
will  not  read  correctly  within  two 
percent,  or  must  they  be  connected 
as  outlined  in  "General  Conclu- 
sions," p.  120,  February,  1909,  in 
order  to  be  commercially  safe  and 
correct?  c.t.o. 

The  amount  of  unbalancing  de- 
pends on  the  induction  motor.  An 
induction  motor  of  this  capacity, 
built  with  as  great  accuracy  in  all  its 
parts  as  is  the  average  commercial 
form  machine,  will  not  cause  suffi- 
unbalancing  to  introduce  an 
error  of  more  than  two  percent.  In 
fact,  the  tendency  of  induction  mo- 
tors is  to  correct  unbalancing  (see 
Xo.  143).  If  the  voltage  were  un- 
balanced another  error  would  be  in- 
troduced, but  such  an  error  would 
usually  be  small.  The  purpose  of 
special  connections,  as  given  on  pp. 
113-121,  of  the  February,  1909,  issue, 
for  four-wire  circuits,  is  to  avoid  in- 
accuracies due  to  unbalancing,  and 
e  connections  should  ordinarily 
be  used  for  accurate  measurements 
on  four-wire  circuits.  An  accidental 
ground  within  the  winding  of  the 
hine  would  have  the  effect  of 
ing  more  or  less  unbalancing,  de- 
ling  on  its  location  relative  to 
the  normal  neutral  point. 

H.W.B.&A.M.D. 
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PERSONALS. 

Mr.  Guy  E.  Trip,  who  since  1807  has 
been  prominently  identified  with  the 
Stone  &  Webster  interests,  was  mi  Jan- 
uary 10th  elected  by  the  board  of  di- 
rectors of  the  Westinghouse  Electric  & 
Mfg.  Company,  to  the  position  of  chair- 
man of  the  board,  in  place  of  the  late 
Mr.    Robert    Mather. 


Mr.  A.  Schmidt,  who  acts  in  a  con- 
sulting capacity  for  several  of  the 
European  Westinghouse  Companies,  is 
spending  some  time  at  the  works  of  trie 
Electric  Company,  at  East  Pittsburg, 
acquainting  himself  with  the  present 
engineering  and  manufacturing  methods 
in   this   country. 


Mr.  Calvert  Townley,  assistant  to  the 
president  of  the  Westinghouse  Electric 
&  Mfg.  Company,  was  married  on  De- 
cember 30th,  191 1,  to  Mrs.  Mabel  Mc- 
Cormick  Steele  at  Memphis,  Tenn.  Mr. 
and  Mrs.  Townley  will  make  their 
home  after  February  14th  at  the  Hotel 
St.  Andrew,  Xew  York  City. 


Mr.  Frederick  L.  Hutchinson  has 
been  chosen  by  the  Board  of  Directors 
of  the  American  Institute  of  Electrical 
Engineers  as  secretary  to  succeed  Mr. 
Ralph  W.  Pope,  resigned.  Mr.  Hutchin- 
son has  been  acting  secretary  since  last 
summer. 


Mr.  Philip  A.  Lange,  managing  di- 
recor  of  the  British  Westinghouse  Elec- 
tric &  Mfg.  Company,  who  was  for  sev- 
eral years  manager  of  works  at  East 
Pittsburg,  recently  spent  several  weeks 
in  the  United  States,  chiefly  at  East 
Pittsburg,  studying  methods  of  pro- 
duction, as  well  as  imparting  informa- 
tion relative  to  methods  abroad. 


Mr.  C.  E.  Stevens,  arc  lamp  engineer 
of  the  detail  and  supply  engineering  de- 
partment of  the  Westinghouse  Electric 
&  Mfg.  Company,  has  been  transferred 
to  the  general  engineering  department 
where  he  is  engaged  in  work  in  connec- 
tion   with    arc    lamp    installations. 


Mr.  J.  H.  Siegfried  has  resigned  as 
superintendent  of  the  light  and  power 
department  of  the  City  of  Winnipeg,  to 
accept  a  position  as  superintendent  of 
power  with  the  Pacific  Power  &  Light 
Company,  with  headquarters  at  Kenne- 
wick,  Wash.,  where  he  will  have  juris- 
diction over  all  the  generating  stations, 
transmission  lines  and  sub-stations  of 
this  company  in  the  Yakima,  Walla 
Walla  and  Columbia  River  valleys. 


Mr.  J.  R.  Bibbins  left  Chicago  re- 
cently to  act  as  chief  assistant  to  Bion 
J.    Arnold    in    his    investigation    of    the 

electric   traction   situation   at   San   Fran- 


Dr.  Leo  H.  Baekeland,  president  of 
the  Bakelite  Company,  was  elected 
president  of  the  American  Institute  of 
Chemical  Engineers,  at  the  recent  an- 
nual  meeting   in   Washington,   D.   C. 


Mr.  B.  A.  Brennan,  recently  contract 
manager  of  The  Westinghouse  Machine 
Company,  and  formerly  with  the  E.  P. 
Allis  Company,  has  been  appointed  sales 
manager  of  the  power  department  of 
the  Bethlehem  Steel  Company,  in  charge 
of  gas  engine  and  pumping  sales,  with 
headquarters    at    South    Bethlehem,    Pa. 

Mr.  Harve  R.  Stuart,  of  the  indus- 
trial engineering  department  of  the 
Westinghouse  Electric  &  Mfg.  Com- 
pany, has  resigned  and  accepted  the  po- 
sition of  assistant  chief  engineer  of  the 
Robbins  &  Meyer  Company,  Springfield, 
Ohio. 


Mr.  E.  C.  Reed,  chief  writer  of  the 
Westinghouse  Companies'  Publishing 
Department,  Manchester,  England,  has 
resigned  to  become  sales  manager  for 
Messrs.  Miles  Sykes  &  Sons,  of  Calder 
Works,  Sowerby  Bridge. 

Mr.  C.  F.  Hockley,  for  the  past  three 
years  engineer,-  power  department,  of 
the  Bethlehem  Steel  Company,  has  been 
appointed  superintendent  of  construc- 
tion, power  department,  with  headquar- 
ters at  South  Bethlehem.  Prior  to  his 
present  association,  Mr.  Hockley  was 
identified  with  The  Westinghouse  Ma- 
chine Company,  at  East  Pittsburg. 


The  Practical  Engineer  for  January 
15th,  1912,  contains  a  reprint  of  the 
article  by  Dr.  Lauffer  on  "Electrical 
Accidents  and  Their  Treatment"  from 
the  Journal  for  August,  191  r. 


The  article  by  Mr.  C.  E.  Clewell  on 
"Factory  Lighting  Problems"  which 
was  published  in  the  Journal,  June, 
191 1,  appears  in  Industrial  Engineering 
for  January. 

Mr.  F.  W.  Contague,  upon  complet- 
ing the  engineering  apprenticeship 
course  with  the  Westinghouse  Electric 
&  Mfg.  Company,  has  taken  up  work 
in  the  arc  lamp  division  of  the  sales 
department. 
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PERSONALS. 

Mr.  Sidney  J.  Carr,  formerly  of  the 
S  n  Francisco  district  office  of  the 
Westinghouse  Electric  &  Mfg.  Com- 
pany, is  now  associated  with  the  Hawai- 
ian   Electric   Company,   Ltd. 


The  Southern  Engineer  for  Novem- 
ber contains  a  reprint  of  the  article  by 
Mr.  Dreyfus  entitled  "Steam  Turbines 
for  Electric  Stations  of  Moderate  Si/e" 
from   the  JOURNAL   for   September,    iqii. 

OBITUARIES. 

Mr.  William  \V.  Young,  purchasing 
agent  for  the  Union  Switch  &  Signal 
mpany,  Swissvale,  Pa.,  died  at  his 
home  in  Hd^ewood  Pa.,  on  January 
22nd  aged  54.  Mr.  Young  was  one  of 
.the  oldest  employees  of  the  company 
in  point  of  service. 


Mr.  Charles  I.  Young,  of  the  com- 
mercial training  department  of  the 
Westinghouse  Electric  &  Mfg.  Com- 
pany, died  at  Pittsburg,  on  January  6th. 
Mr.  Young  had  been  connected  with  the 

mpany  since  1886,  and.  due  to  his 
pleasing  and  cheerful  personality,  had 
a  host  of  friends  among  his  fellow- 
workers.  Previous  to  coming  to  Pitts- 
burg. Mr.  Young  was  for  a  number  of 
years  engineer  of  the  Philadelphia  dis- 
trict office.  It  is  planned  to  publish  a 
review'  of  Mr.  Young's  life  in  the  next 
issue   of   the  Journal. 

ANNUAL  BANQUET  A.I.  E.E..  PITTSBURGH 
SECTION. 

The  annual  banquet  of  the  Pittsburg 
Section  of  the  American  Institute  of 
Electrical  Engineers  is  to  be  held  at 
-  I'M.,  Saturday.  February  17th.  in  the 
English  Room  of  the  Fort  Pitt  Hotel. 
Mr.  K.  C.  Randall,  chairman  of  the  lo- 
cal section,  is  also  acting  as  banquet 
chairman.      Mr.    L.    A.    I  .    vice- 

president  of  the  Westinghouse  Electric 
&  Mfg.  Company,  is  to  act  as  toast- 
master.  Mr.  Ciano  Dunn,  president  of 
the  Institute,  will  be  the  guest  of  hon- 
and  principal  speaker.  Among  the 
other  speakers  will  be  Director  Arthur 
A.  Hamerschlag,  of  the  Carnegie  Tech- 
nical Schools,  and  Mr.  H.  E.  Longwell, 
consulting  engineer  of  The  Westing- 
bouse    Machine    Company. 


"BRONSKOL" 

COMPOSITION 

BRUSHES 

Are  made  by  a  specially  patented 
process  of  best  Ceylon  Graphite  and 
metalic  particles  scientifically  blended 

No  Wear  on  Commutator 
Overcome  Friction  Losses 
Outlast  Ordinary  Brashes 
Overload  Easily  Taken  Care  of 
Especially  Adapted  for  Large  Units 

Now  being  successfully  used  by  large 
manufacturers  and  central  stations. 
Made  for  alternating  current  and  low 
tension  direct  current 

Hugo  Reisinger 

11  Broadway 

New  York  City 


EDISON  MEDAL  FOR  1912. 

At  the  meeting  of  the  Board  of  Di- 
rect"!- of  the  American  Institute  of 
Electrical  Engineers,  held  January  12th, 
1012,  the  Edison  Medal  Committee  re- 
ported that  the  gold  Edison  Medal  for 
the  year  k;ii  had  been  awarded  to  Mr. 
George  Westinghouse  "for  meritorious 
achievement  in  connection  with  the  de- 
velopment of  the  alternating-current 
in  for  light  and  power."  The  re- 
p  irt  was  accepted  by  the  board  and  im- 
mediate publication  of  the  award  was 
authorized.  The  medal  will  be  present- 
ed to  Mr.  Westinghouse  at  a  meeting 
to  be  arranged  later. 


WANTED. 
Wanted  Nos.  2,  4,  5,  6,  Volume  I  of 
The  Electrical  Journal;  also  issues  of 
Volume  II  and  III.  Address  No.  549, 
care  of  The  Electric  Journal,  Pitts- 
burgh, Pa. 


The   Gamewell    Fire-Alarm   Telegraph    Co. 


30  VE6EY  STREET, 


NEW  YORK  CITY 


Manufacturers    and    Contractors    for    55    year*     of 

Fire  Alarm  and   Police  Signal  Telegraphs 

Over  1500  plant!  established  In  cities  and  towns  In  the  United  States.     Special  attentiom 
paid  to  the  protection  of  public  institutions,  industrial  corporations  and  railroad  properties. 
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Jessop's  Steel 

FOR  TOOLS,  DRILLS,  SAWS,  DIES,  ETC. 

Jessop's  "Ark"  High  Speed  Steel  is  the  very 

best  in  the  market.  — All  kinds  in  stock 

Manufactured  in  Sheffield,  England 

William  Jessop  &  Sons,  Inc. 

91  John  St.,  New  York  City. 


(Grand  Prix,  Paris  1900) 


MORGANITE  and  BATTERSEA 

BRUSHES 

Standard  in  Europe 

WHY? 

They  are  the  product  of  50  years  experience. 
Experts  pronounce  them  best  by  test. 

THE  MORGAN  CRUCIBLE  COMPANY,  Limited 

1  1  4  Liberty  Street,  New  York.       Works :  London  and  New  York 
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Efficiency  Chart 


Efficiency  and  Regulation  Charts 

For  designing,  consulting,  central 
station  and  sales  engineers 

These  charts  are  now  being  used  by  the  largest 
manufacturers  in  the  world.  Each  of  the  charts  is 
handsomely  engraved  on  heavy  celluloid  with  in- 
structions printed  directly  on  the  chart. 

Efficiency  Chart,  Desk  or  Designers  Size,  8"xll"  —  Price  $1.00 
Regulation  Chart,  Desk  or  Designers  Size,  8"ill" —  Price  $1.00 
Regulation  Chart,  Pocket  Size,     .     .     .     4"x534"  —  Price        75 

Pff"bf  G.R.Hansell,wS„'b5„8rsPittsburgh,Pa. 


M.  BOND  &  CO., 


Alrewas  Mills,  nr.  Ashbourne,  Derbyshire 

England. 

Established  1795. 


INSULATION. 

Tapes  (Silk,  Cotton, 
and  Linen)  of  various 
qualities  and  thicknesses 
for  Armatureand  other 
Electrical  Work. 
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NEW  BOOKS 

(lorn  American  Telephony" — Ar- 
thur S  |  o  il- 
hand-book  form,  flexible 
leather  binding.  Published  by  Fred- 
erick J.  Drake  and  Company,  Chicago. 
sale  by  The  El  I  Joi  RNAL, 
Price.  - 

This     is     a     practical     hand-hook     for 
kers  in  the  telephone  field.  It  should 
also  be  of  value  to  others  not  actively 
I  in  telephone  work  who  wish  to 
become     acquainted     with     the     various 
types   of   telephones   and   the   details   of 
the     later     developments     in     telephony. 
About  ioo  pages  are  devoted  to  clemcn- 
'heory — magnetism,     currents     re- 
ance.  capacity,  etc.    The  various  chap- 
ters  are   devoted   to   transmitters,    mag- 
net   systems,    common    battery    systems, 
switchboard    installation,    testing    appa- 
ratus, protective   devices,   measuring   in- 
struments,  telephone   troubles,  line  con- 
ation and  wireless  telephony.     Some 
75  pages  are  devoted  to  automatic  tele- 
phone  systems.      The   book   is    well    ar- 
ranged  and    thoroughly   illustrated   with 
diagrams  of  connections,  views  and  de- 
tails of  apparatus. 


"Hydraulic  Turbines  —  Their  Design 
and  Installation" — Viktor  Gelpke 
A  II.  Van  Cleve.  293  pages.  200  il- 
lustrations. Published  by  McGraw- 
Hill  'Jompany,  Xew  York  City. 
Price,  $4.00. 

able  installations  of  water  p 
ts  have  been  completed  in  this  and 
the  preceding  decade  and  their  eco- 
nomic value  has  been  the  subject  of  re- 
peated comment  and  important  confer- 
ences. Pr<  tnent  of 
hydro-electric  plants  has  been   retar 

ewhat  recently  pending  the  definite 
shaping  of  government  policies  regard- 
ing   the     control     and     supervision     of 
watt  -    •  r     -leges  and  the   right   of   emi- 
nent domain.  n  as  the  Ii 
pect  is  established  there  will  undoubted- 
be    renewed    activity    in 
r     power     res  Considering 
that     less     than     ten 
37000000      hor                        economically 
available   in   this   country,   has   been   in- 
stalled    so     far.     the     future     for    this 
branch    of    engineering    is    indeed    very 
and    it    should   therefore   at- 
tract a                 umber  of  engineers  and 
Thus  there  is  need  for  trcat- 
ich    will    contain    comprehensive 
.    data    and     instruction     on 
":'c   machinery.      The   present   au- 
thor                       to    be    strongly    recom- 
mended.    The  position   of  the  authors, 


llorr  Gelpke,  a  prominent  engineer  and 
manufacturer  of  Germany,  and  Mr. 
Van  I  .  c  formerly  consulting  engi- 
neer  to  tin-  Niagara  Falls  Power  Com" 
enabled  them  to  competently 
undertake  the  task.  The  hook  is  con- 
fined to  engineering  considerations  en- 
tirely and  takes  up  in  three  chapters, 
the  details  which  enter  the  complete 
plant:-  elements,  principles,  and  the 
mathematics  of  hydraulic  turbines;  and 
tricptive  and  pictorial  features  of 
many   important   plants.  E.   d.  d. 


"Wireless  Telegraphy" — James  Erskine- 
Murray,  D.Sc.  Third  Edition,  ion; 
386  pages;  1N7  diagrams  and  illustra- 
tions: ii  tables.  Published  by  D.  Van 
Nostrand  Company,  New  York  City. 
Price,  $3.50. 

This   is   a  hand-book  covering  theory 
and    practice,    for    the   use  of    electrical 
engineers,   students  and  operators.    The 
der    is    assumed    to    have    a    general 
familiarity      with      the     more     common 
terms   related  to  the   subject,  yet  while 
the    book    makes    no    pretense    of    being 
encyclopedic,     it     presents     lucidly     the 
principles  and  distinctive  features  of  the 
various   telegraphic  systems   which  have 
been  developed — those  which  have  failed 
well  as  those  which  have  lived  com- 
mercially.    A  working  basis  is  first  es- 
tablished by  a  brief  general   review   of 
past   research    and   developments,   show- 
ing the  natural  evolution  of  the  present- 
day  systems.     Essential  apparatus  of  va- 
rious types  are  then  discussed,  such   as 
those    for    the    production    of    high    fre- 
quency  currents,    and   for   the   detection 
of  wireless   electric  waves.     The  expla- 
nation of  the  operation  of,  and  descrip- 
tions of  the  equipments  involved  in  the 
various     systems     in     commercial     use, 
should  be  not  only  most  valuable  to  the 
student   and  operator  but  both   instruc- 
tive and  interesting  to  the  layman.     The 
;iter  "On  Theories  of  Transmission" 
aids  greatly  in  making  the  book  distinc- 
tive.    There   is   evidence   of   much   care 
on  the  part  of  the  author  in  rendering 
'•ments,   descriptions  and,   particular- 
ly, quotations  authentic.    Where  mathe- 
matics   are    essential    to    a    full    iter- 
ation it  is  generally  paraphrased  for 
the  aid  of  the  reader  who  may  not  be 
ally    disposed.      The    chapter 
of    practical    tables    and    notes    has    re- 
cial    attention    in    the    present 
revised   edition.     An  interesting   feature 
the  book  is  the  appendix  which  gives 
the  "Service   Regulation"   formulated  by 
the      International      Ratio      Telegraphic 
Convention.  E.R.S. 
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Not  so  very  long  ago,  in  the  proceedings  of   the 
Tendencies     American  Institute  of  Electrical  Engineers,  a  writer 

in  Central  prophetically  described  the  conditions  when  elec- 
Station  Service  trie  energy  will  be  supplied  abundantly,  efficiently 
and  cheaply  through  interconnected  transmission 
systems  constituting  one  great  network  of  conductors  covering 
the  whole  country.  He  foresaw  that  this  network  will  be  fed  by 
a  few  large  central  stations  and  that  hundreds  of  small  central  sta- 
tions will  be  superseded  by  sub-stations  each  supplying  a  local  dis= 
trict  with  all  necessary  energy  for  both  light  and  power. 

That  prophecy  is  being  fulfilled;  the  number  of  central  station 
systems  is  diminishing  while  the  extent  and  application  of  the 
service  is  increasing.  Smali  central  stations  are  being  absorbed 
and  consolidated  into  large  systems  and  these  systems  are  being 
united  or  interconnected.  Central  stations  are  being  built  and  others 
planned,  especially  hydro-electric  stations,  of  greater  magnitude 
than  any  now  operating.  Notable  examples  of  consolidation  and  ex- 
pansion of  power  companies  are  those  effected  in  Northern  Illinois, 
California,  Colorado,  the  Carolinas,  Georgia,  Alabama,  Ontario, 
Canada  and  others,  by  such  organizations  as  the  Southern  Power 
Company,   the  Ii.   M.   Byllesby   Company,   etc. 

Manifestly,  capital  in  such  large  amounts  is  not  drawn  to  these 
projects  until  profitable  returns  are  assured.  In  every  case  the 
conditions  are  carefully  and  scientifically  analized  and  every  pos- 
sible use  for  electricity  is  made  the  subject  of  study  to  determine 
whether  its  use  can  be  made  profitable.  The  ideal  condition  always 
kept  in  view  is  that  in  which  the  whole  generating  and  distributing 
system  is  continuously  employed  at  or  near  its  maximum  capacity. 
The  supplying  of  energy  to  widely  varying  types  of  load  introduces 
a  diversity  factor  which  helps  toward  attaining  this  ideal  condition. 

That  ideas  and  tendencies  are  changing  and  enlarging  is  proven 
by  the  fact  that  central  station  service  is  now  beginning  to  be  sup- 
plied to  such  industries  as  steel  mills,  paper  mills,  sugar  refineries 
and  hat  factories,  in  which  isolated  plants  were   formerly  consid- 
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ered  a  necessity,  either  on  account  of  the  large  amount  of  energy 
used,  or  because  the  steam  is  required  in  the  manufacturing  pro- 
cesses.  No  industry  is  now  allowed  to  escape  consideration,  and 
many,  such  as  stone  quarries,  irrigation  fields,  lumber  yards,  etc., 
requiring  long  extension  of  lines,  are  purchasing  electric  power 
with  economy  to  both  the  industry  and  the  central  station. 

Another  most  encouraging  feature  from  the  engineering  stand- 
point consists  of  the  growing  tendency  on  the  part  of  both  central 
stations  and  manufacturers  of  electrical  apparatus  to  study  indus- 
tries carefully  with  respect  to  the  efficiency  of  power  application 
without  regard  to  the  immediate  feature  of  securing  maximum 
motor  sales  or  sale  of  current.  It  is  becoming  widely  recognized 
that  the  public  service  corporations  should  be  what  the  name  signi- 
fies and  that  satisfactory  service  as  well  as  the  number  of  kilowatt- 
hours  sold  is  a  measure  of  success. 

With  the  intention  of  rendering  such  service,  the  central  sta- 
tion is  glad  to  analize  a  prospective  user's  problems  and  lay  be= 
fore  him  the  details  of  possible  solutions.  The  comparative  merit^ 
and  demerits  of  the  engine  drive  with  shafts  and  belts,  of  group 
motor  drive  and  individual  motor  drive,  of  isolated  plant  service 
and  central  station  service,  all  are  set  forth  in  detail  from  the  user's 
point  of  view  so  that  he  can  determine  which  method  will  give  him 
the  best  service.  The  central  station  has  nothing  to  fear  from  such 
comparisons  when  they  are  based  on  the  ultimate  effect  that  each 
method  of  drive  will  have  upon  the  quality  and  quantity  of  the 
finished  product  and  all  circumstances  are  taken  into  consideration. 

D.  E.  Carpenter 


During  the  past  five  years  a  remarkable  change  has 

Marketing      been  brought  about  in  the  policy  of  central  station 

the  Central     managements  in  the  sale  of  their  output.     That  a 

Station's       change  w^as  necessary  was  shown  by  the  analysis 

Output         of  competent  engineers  engaged  by  various  central 

stations  for  the  purpose  of  investigating  the  causes 

and  recommending  the  remedies   for  their  poor  and  unpromising 

financial  conditions. 

The  results  of  such  analysis  and  investigation  invariably  indi- 
cated that  the  operating  end  of  the  organization  was  capable,  but 
that  the  scheme  for  disposing  of  the  output  was  bad  and  in  many 
cases   inflicted   serious   hardship   on   the  operating   department   by 
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failing  to  give  consideration  to  the  question  of  improving  the  load 
conditions. 

The  securing  of  a  daylight  motor  load  naturally  recommended 
itself  as  a  relief,  and  steps  were  taken  by  many  companies 
to  get  such  business,  while  the  more  timid  ones  look  on  to  see  the 
result.  The  wisdom  of  this  step  was  quickly  proven,  and  I  believe 
it  can  be  truthfully  said  that  the  success  of  this  undertaking  has 
laid  the  foundation  of  the  "New  Business  Department"  of  the 
modern  central  station,  which  has  been  such  an  important  factor 
in  the  rapid  and  broad  development  of  the  industry.  The  ideal 
load  curve  for  any  central  station  is  naturally  one  that  allows  the 
station  to  operate  at  full  capacity  constantly,  and  the  aim  and  efforts 
of  the  new  business  department  of  the  central  station  company  are 
necessarily  being  directed  toward  the  accomplishment  of  that  end. 
The  organization  of  a  selling  force  to  handle  this  work  properly 
is  very  difficult,  owing  to  the  scarcity  of  men  trained  in  the  peculiar 
requirements  of  the  business  and  the  fact  that  each  individual  loca- 
tion has  many  conditions  to  meet  that  are  not  common  with  other 
central  stations. 

Evidently  the  first  work  of  the  new  business  department  should 
be  the  securing  of  that  business  which  is  most  easily  obtained,  and 
with  this  in  view  the  results  of  the  first  canvass  of  the  district  in 
which  the  company  is  operating  should  be  carefully  studied  in  order 
to  pick  out  the  most  promising  prospects  upon  which  to  work.  In 
securing  quick  results  in  this  way  the  company  is  making  a  step 
toward  the  reduction  of  its  cost  per  kilowatt-hour  generated  and 
preparing  itself  for  securing  business  that  can  only  be  obtained  at 
lower  rates. 

At  the  present  time  the  best  results  appear  to  be  obtained  by 
dividing  the  work  of  the  new  business  organization  into  five  depart- 
ments ;  namely,  a  domestic  department,  including  residence  and 
apartment  lighting  and  power;  a  commercial  department,  including 
stores,  offices  and  office  buildings ;  an  industrial  power  department, 
including  all  industrial  plants  using  electric  power  and  heat  for 
manufacturing  purposes ;  an  electric  sign  department,  including  dis- 
play signs  and  decorative  lighting,  and  a  municipal  department,  in- 
cluding municipal,  borough  and  township  lighting.  The  selling  de- 
partments must  ever  keep  before  themselves  the  vital  fact  that  cen- 
tral station  service  must  have  the  merits  of  cheapness,  reliability  and 
convenience  in  order  to  secure  business  in  competition  with  gas  and 
isolated  plants.  In  order  to  show  such  merits  it  is  obvious  that  the 
solicitor  must  be  capable  of  studying  and  investigating  the  condi- 
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tions  of  the  prospective  customer's  proposition  in  an  intelligent  man- 
ner, and  be  able  to  submit  the  facts  and  arguments  for  the  adoption 
of  his  proposition  in  a  clear  and  forceful  way. 

The  possibilities  of  the  use  of  central  station  power  for  indus- 
trial plants  arc  being  realized  more  generally  every  day.  Manu- 
facturers see  the  advantages  of  the  concentration  of  the  power  plant 
at  the  point  most  suitable  for  the  economic  production  of  power  on 
a  large  scale,  and  appreciate  the  greater  economy  and  reliability  of 
purchasing  energy  to  be  delivered  not  only  when  but  where  it  is  to 
be  used,  thus  enabling  them  to  build  their  factories  to  meet  the  re- 
quirements of  their  processes  of  production  with  minimum  handling 
of  material. 

Much  good  has  been  accomplished  in  the  sale  of  central  station 
service  bv  cooperation  between  companies  throughout  the  country 
through  the  organized  efforts  of  the  National  Electric  Light  As- 
iation.  The  rate  question  is  at  the  present  time  receiving  a  great 
deal  of  attention  and  the  association  is  making  an  investigation  for 
member  companies  with  a  view  to  determining  the  best  basis  for 
a  uniform  system  of  rates. 

The  cooperation  of  the  electrical  manufacturing  companies  has 
been  a  great  help  to  the  central  stations  in  building  up  their  business 
and  this  attitude  indicates  their  confidence  in  the  great  future  of 
the  central  station  proposition  and  its  wonderful  possibilities. 

Joseph  McKinley 


It    is    a    fact    not   generally    known    that    the    unit 
blectrici  y  in        ^   q^    doing   the    work    in    nearly    every    branch 
Connection    <f    {])q    panama    ( -;anaj    undertaking    are    less    than 
-has   ever   before   been   attained.     The   magnitude   of 
the  proposition   has,   of   course,  had  a   direct  bear- 
ing on  these  costs,  but  it  would  seem  that  these  might  have  been 
more  than  offset  by  the  difficulties  and  extra  expense  due  to  the 
location,  and  climatic  conditions   under  which  the  work  has  been 
carried  on.   On  close  analysis  it  will  undoubtedly  be  found  that  the 
low  cost  has  been  due  entirely  to  the  character  and  farsightedness 
of  the  men  who  have  been  entrusted  with  the  organizing  and  carry- 
ing out  of  the  work. 

That  these  men  should  have  adopted  electrically  driven  equip- 
ment wherever  possible,  as  pointed  out  in  the  article  by  Mr.  Han- 
ker in  the  present  issue  of  the  Journal,  because  of  the  great  econ- 
omy of  the  equipment  so  driven,  is  but  one  of  the  many  evidences 
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of  their  foresight.  While  electricity  is  being  used  extensively  in 
the  building  of  the  canal,  it  will  be  used  entirely  in  operating  it, 
as  the  plans  include  a  large  power  house  in  which  hydraulically 
driven  generators  will  be  installed  to  furnish  the  curcnt  for  the 
operation  of  the  locks,  and  numerous  other  applications  for  the 
handling  of   the   traffic   through   the   canal. 

With  an  organization  that  embraces  nearly  every  branch  of 
human  activity,  under  conditions  that  seemed  almost  insurmount- 
able, these  men  by  their  discernment  and  close  cooperation,  are 
bringing  to  completion  the  greatest  engineering  achievement 
of  modern  times,  over  a  year  ahead  of  the  scheduled  time — a  tri- 
umph to  American  character,  efficiency  and  equipment. 

W.  K.  Dunlap 


The  statement  was  recently  made  by  a  promim 
Increasing  the  cn^  electrical  engineer  that  only  about  twenty  pcr- 

Use  of  cer|t   °f    the   industrial   plants    in   this    country   are 

Motor  Drive  electrically  equipped  notwithstanding  the  enor- 
mous electrical  developments  and  activities  dur- 
ing the  past  twenty-five  years,  and  the  many  advantages 
to  be  secured  by  the  use  of  electric  drive.  This  appar- 
ently small  percentage  is  due  partly  to  the  fact  that  the  growth 
in  new  industries  and  increase  in  size  of  others  have  been  so 
rapid  that  the  central  stations,  while  developing  rapidly,  have 
heretofore  exerted  themselves  principally  to  supply  power  to  those 
concerns  which  were  compelled  to  use  electricity  in  order  to  meet 
competition  and  accomplish  desired  results.  It  is  also  due  to  the 
fact  that  not  until  the  last  few  years  have  the  central  stations 
adopted  the  policy  of  educating  power  users  regarding  the  many 
direct  and  incidental  advantages  of  motor  drive.  Under  past  con- 
ditions it  would  require  many  years  to  increase  materially  the 
above  percentage.  However,  with  the  present  rapidly  growing  ac= 
tivity  of  power  distributing  companies,  with  their  energetic  com- 
mercial departments,  this  percentage  should  be  very  largely  ex- 
ceeded 

While  the  central  stations  were  small  and  covered  only  a  lim- 
ited territory,  it  was  commonly  necessary  for  a  manufacturer  who 
desired  electric  power  to  install  an  expensive  independent  gener= 
ating  plant,  including  duplicate  units,  to  insure  continuity  of  service, 
in  addition  to  the  motor  and  lighting  installation.  The  cost  of  the 
entire   equipment   was    frequently   prohibitive.     But    with    the    im- 
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provement  In  power  plant  apparatus  has  come  a  corresponding  as- 
surance of  continuous  service.  Also  the  consolidation  of  many 
of  die  smaller  central  stations  into  larger  operating  organizations 
with  hundreds  of  miles  of  high  tension  distributing  mains  has 
greatly  reduced  the  cost  of  power  generation.  Such  organizations 
give  small  communities,  as  well  as  larger  cities,  the  benefit  of  their 
larger  experience,  of  high  grade  commercial  and  engineering  de- 
partments and  of  efficient  and  reliable  power  generating  and  trans= 
mitting  equipment. 

The  larger  operating  companies  aim  to  furnish  all  the  power 
requirements  in  their  districts  and  are  generally  in  a  position  to 
deliver  power  at  a  cost  lower  than  that  at  which  the  industrial 
manufacturer  can  produce  it,  either  with  an  isolated  plant  and 
electric  drive  or  by  the  use  of  steam  or  gas  engines  and  shaft  drive. 

With  central  station  service  available,  the  electrical  equip- 
ment for  individual  drive,  requiring  motors  only,  will  cost  from 
one-third  to  one-half  what  it  formerly  did  when  a  generating  equip* 
ment  was  necessary.  In  case  of  a  new  plant,  motors  will  cost  little 
if  any  more  than  line  shafts  and  heavy  belts.  In  the  case  of  an  old 
plant,  with  a  fairly  good  power  equipment,  the  salvage  from  old 
equipment  will  go  a  long  ways  toward  offsetting  the  cost  of  motors. 

It  is  quite  certain  that  in  all  future  industrial  developments 
the  possibilities  of  motor  drive,  using  central  station  service,  will 
be  given  carefiil  and  favorable  consideration.  This  fact,  along  with 
the  energetic  efforts  and  new  business  getting  methods  of  the  power 
companies,  electrical  manufacturers,  electrical  contractors  and  sup= 
ply  companies,  will  probably  result  in  greater  development  in  the 
central  station  power  business  within  the  next  five  years  than  has 
occurred  in  the  past  twenty-five  years. 

One  of  the  commendable  features  in  connection  with  the 
growth  of  the  electrical  industry  is  the  close  cooperation  which 
is  being  brought  about  between  the  central  stations,  manufacture 
ers  and  contractors,  in  educating  the  power  using  public  through 
newspaper  and  magazine  advertising,  and  through  personal  solic- 
itation. The  work  of  the  central  station  solicitors  has  been  greatly 
facilitated  by  the  data  supplied  by  the  engineers  of  the  various 
manufacturing  concern  and  through  the  commercial  section  of 
the    National    Electric    Light    Association. 

The  campaign  to  extend  the  use  of  electric  power  has  even 
been  enlarged  to  include  the  general  public.  One  of  the  recent 
features  of  this  campaign  is  seen  in  the  "People's  Electrical  Page" 
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published  weekly  in  a  dozen  or  more  city  dailies,  and  devoted  to 
items  of  interest  regarding  electrical  apparatus  and  its  uses.  The 
slogan  idea  applied  to  cities  is  another  example  which  has  become 
popular.  Such  expressions  as  "Denver,  the  City  of  Light," 
"Brighter  Brooklyn,"  "Do  It  for  Rochester,"  "Pittsburgh  Promotes 
Progress,"  etc.,  indicate  a  cooperation  between  the  merchants,  man- 
ufacturers, boards  of  trade  and  central  stations  to  boost  their  cities 
which  should  redound  to  the  commercial  advantage  of  all  concerned. 

W.  B.  Wilkinson 


On  a  first  visit  to  the  works  of  the  Vermont  Mar- 
A    Visit        ble  Company  at  Proctor,  Vt.,  one  is  impressed  with 
to  a  the  amount  of  switchboard  and  tombstone  material 

Marble  Quarry  available  in  the  stock  yard  and  the  amount  of 
sawed  marble  block  which  has  been  used  in  the 
several  buildings  and  for  flagging  around  the  works.  All  of  this 
would  give  an  impression  of  extravagance  and  luxury  were  it  not 
that  Proctor  is  in  the  heart  of  probably  the  greatest  marble  pro- 
ducing section  in  the  world.  From  Rutland  to  a  number  of  miles 
beyond  Proctor  marble  outcrops  are  frequent  and  prominent,  and 
at  many  of  these  the  presence  of  derricks  indicates  the  existence  of 
quarries. 

Teams  pass  in  and  out  of  the  many  mill  doors,  dragging  blocks 
of  marble  on  ordinary  stone  boats.  The  larger  blocks,  weighing 
several  tons,  are  moved  on  rollers,  such  as  used  in  moving  build- 
ings. In  the  mills  the  sawing  looks  slow  and  inefficient — the  saws 
advance  only  about  one  inch  per  hour — until  it  is  recalled  that  ten 
or  fifteen  blades  in  a  gang  each  cut  an  inch  per  hour  through  a 
block  about  five  or  six  feet  long,  which  is  approximately  equivalent 
to  a  single  saw  cutting  in  halves  a  marble  post  six  feet  long  and 
one  foot  thick.  Row  after  row  of  gang  saws  are  at  work  with  no 
apparent  attendance,  except  that  of  the  driving  motors,  and  a 
liberal  supply  of  water  and  sand  that  constantly  runs  down  over 
the  marble  and  into  the  saw  cuts. 

The  amount  of  sand  required  for  sawing  and  grinding  is  re- 
markable. Several  years  ago  seven  teams,  each  hauling  six  loads 
a  day,  were  required  to  furnish  the  necessary  sand.  Now  a  telpher- 
age system,  running  for  a  distance  of  two  and  a  half  miles  over  a 
mountain,  brings  seventy-five  150-pound  buckets  of  sand  per  hour. 
This  system  runs  about  twenty  hours  per  day,  delivering  in  that 
time  in  the  vicinity  of  one  hundred  tons  of  sand.  All  of  this  is 
used  for  grinding  and  sawing  marble.     After  the  sand  has  been 
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used  at  the  Proctor  works,  it  is  carried  in  a  trough  across  the  river, 
just  back  of  the  mill,  to  a  large  plot  of  low  .mound,  where  it  is 
deposited. 

The  absence  o\  dirt  in  the  quarries  is  rather  striking;  marble 
is  practically  the  only  refuse  material.  Some  of  the  older  quarries 
are  blackened  by  the  smoke  from  steam  boilers  which  were  former- 
ly located  in  them  as  a  source  of  power.  Now  electric  lights,  elec- 
tric drills,  and  electric  channelers  all  make  for  efficiency  and 
C<  'in  fort. 

The  quarry  openings  are  not  large,  hut  the  space  underground 
in  some  of  the  old  ones  is  enormous.     The  ceilings  in  some  places 

more  than  one  hundred  feet  high,  and  are  supported  by 
marble  columns  comparable  with  massive  bridge  piers.  In  one 
quarry,  about  two  hundred  and  fifty  feet  deep,  ice  was  still  un- 
melted  at  the  end  of  June.  When  working  in  the  deep  quarries 
in  the  summer,  the  work  nen  require  heavy  winter  clothing. 

The  many  shades  of  marble  that  are  found  in  a  single  quarry  at 
Rutland  are  surprising,  both  in  range  of  colors  and  in  types  of 
marking;  dark  green,  blue  and  yellow,  and  many  variations  run- 
ning into  the  pure  white,  and  also  combinations  of  these  shades,  so 
that  the  show  room  of  the  marble  company  is  a  real  art  gallery. 

K.  C.  Randall 


LARGE  SYNCHRONOUS  MOTORS  FOR 
COMPRESSOR  SERVICE 

G.  B.  ROSENBLATT 

THE  use  of  compressed  air  for  certain  classes  of  mining  oper- 
ations has  been  standard  practice  for  a  long  time.  The 
application  of  electric  drive  to  the  compressors  which  fur- 
nish the  air  is  also  by  no  means  new  It  is,  however,  only  within 
late  years  that  the  advantage  of  building  central  air  compressor 
stations  has  received  an}'  great  amount  of  attention  from  mine 
operators. 

For  large  individual  or  separately  owned  neighboring  prop- 
erties, there  are  many  advantages  to  be  obtained  from  a  central- 
ized air  compressor  station,  some  of  the  most  obvious  of  which 
are  the  use  of  large  units  with  consequent  increased  efficiency, 
reduced  cost  per  horse-power  installed,  minimized  cost  of  attend- 
ance and  installation,  and  decreased  cost  of  spare  units.  Other  ad- 
vantages not  so  patent  are  the  possible  improvement  in  load  factor 
and  the  use  of  a  special  form  of  electric  drive,  both  of  which  tend 
to  reduce  the  first  cost  of  the  installation  and  the  cost  of  power 
for  its  operation.  There  are,  however,  many  cases  where  the 
installation  of  a  central  compressor  plant  is  not  justifiable.  Elec- 
tricity usually  can  be  transmitted  to  better  advantage  than  can  com- 
pressed air  which  is  markedly  affected  by  temperature.  The 
problem  as  to  whether  a  centralized  air  compressor  plant  will 
prove  profitable  is  one  that  must  be  decided  for  each  particular 
case,  but  it  will  be  found  that  the  economy  of  centrallized  air  com- 
pressing machinery  can  often  be  proven  for  cases  where  the  ad- 
vantages are  not  apparent  on  casual  inspection.  As  the  policy 
of  centralizing  air  compressor  stations  in  mining  is  one  worthy 
of  considerable  attention,  a  few  words  regarding  the  selection  of 
electrical  apparatus  for  such  stations  and  a  description  of  one  of 
the  largest  stations  in  this  country  may  be  of  interest. 

Air  compressors  for  the  pressure  used  in  mining  work  (vary- 
ing from  60  to  100  pounds)  are  usually  reciprocating  in  type  and 
compound.  They  may  be  driven  either  by  direct-current,  induc- 
tion or  synchronous  motors.  The  motors  may  be  connected  to  the 
compressors  either  by  gear,  belt  or  rope  drive,  or  mounted  directly 
on  the  compressor  shaft.  The  use  of  gear  drive  for  large  units  is 
at  present  not  to  be  recommended,  except   for  very  special  cases. 
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Probably  lor  units  requiring  up  to  500  horse  power,  belt  drive  is 
present  the  most  popular,  and  for  larger  units  rope  drive  has 
many  adherents.  The  use  of  direct-connected  engine  type  motors 
lias,  for  some  unexplained  reason,  not  received  the  attention  from 
mine  that  it  deserves.     While  direct  connection  necessi- 

tates a  large  slow  speed  motor  with  very  definite  starting  charac- 
teristics, it  will  usually  be 
found,  when  viewing,  the  mat- 
ter impartially,  that  for  units 
uiring  motors  of  350 
horse-power  or  larger,  direct 
connection  of  the  motor  to 
the  compressor  shaft  will 
prove  most  economical.  The 
economy  may  not  be  apparent 
in  the  first  cost  of  the  appara- 
tus, hut  when  the  cost  of 
foundations  and  buildings  is 
estimated,  when  the  increased 
efficiency  due  to  the  elimina- 
tion of  the  belt  or  rope  is  as- 
certained, and  when  attendance 
is  considered,  it  will  usually  be 
found  that  direct  connection  is 
best  for  units  of  moderate  and 
large  size. 

The  next  point  to  consider 
is  the  type  of  motor  to  be  used. 
Except  in  coal  mining  and  sim- 
ilar plants,  where  much  direct 
current  is  used,  the  source  of 
available  power  is  almost  en- 
nchronous  1  1  by  the  tirely     three-phase     alternating 

Anaconda  Mining   Company   at  current     at     either     2S     or     60 

Butte,   Montana.  „ 

cycles,    more    generally    at    60 

cycles.  Either  induction  motors  or  synchronous  motors  may  be 
selected  to  drive  the  com]  rs.     Both  types  offer  particular  ad- 

vantage- but  the  advantages  of  the  synchronous  motor  are  not 
generally  realized.  In  fact,  until  recently,  the  synchronous  motor 
for  mining  installations  has  been  regarded  as  something  to  be 
avoided.     The  fact  that  synchronous  motors  can  be  designed  with 
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reasonable  self-starting  characteristics  is  not  generally  known  and 
the  fact  that  a  synchronous  motor  .can  be  designed  which  will  have 
great  stability  and  will  not  easily  fall  out  of  step  is  not  realized 
by  the  many  engineers  engaged  in  the  mining  industry. 

The  direct-connected  induction  motor  in  sizes  under  consider- 
ation is  almost  invariably  of  the  wound  rotor  type  with  slip  rings 
to  permit  insertion  of  resistance  in  the  secondary  circuit  during 
starting. 

The  direct-connected  synchronous  motor  for  the  same  condi- 
tions is  usually  of  the  revolving  field  type  and  will  be  provided  with 
a  cage  winding  on  the  fields,  at  least  to  prevent  hunting  if  not  to 

give    self-starting    char- 
acteristics. 

For  either  type  of 
motor  the  speeds  to 
meet  efficient  commer- 
cial designs  of  compres- 
sors will  vary  from  ap- 
proximately 200  to  75 
r.p.m.  The  starting 
torque  required  will 
range  from  25  to  40 
percent  of  full-load 
torque.  Constant  speed 
over  wide  ranges  of 
load  or  rather  the  main- 
tenance of  normal  speed 
under  heavy  load,  is  to 
be  desired. 

For  such  service  the 
two  types  of  motors 
compare  as  follows.  The  induction  motor  has  the  distinct 
advantage  that  no  direct  current  is  required  for  excita- 
tion. It  will  also  exhibit  somewhat  better  starting  charac- 
teristics in  that  it  will  develop  the  required  starting  torque 
with  a  less  draft  of  current  from  the  supply  lines  and  de- 
velop sufficient  starting  torque  even  under  conditions  of  low  voltage. 
On  the  other  hand,  the  synchronous  motor  can  be  designed  to  de- 
velop sufficient  starting  torque  for  any  ordinary  compressor,  and 
will  have  a  better  efficiency  than  the  corresponding  induction  motor. 
The  induction  motor  will  probably  have  a  power-factor  between 
85  to  90  percent  lagging  at  full  load,  while  the  power-factor  of 
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Showing  the  simplicity  of  construction. 
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the  synchronous  machine  will  be  unity,  or  the  current  may  be  lead- 
ing and  thus  help  to  improve  tiie  power-factor  on  the  system  to 
which  it  is  connected.  Where  power  i1-  charged  for  on  a  k.  v.  a. 
instead  of  a  kw  or  horse-power  basis,  this  will  mean  a  marked 
ring  in  the  cost  of  power  for  the  synchronous  motor. 

The  induction  motor  will  not  he  simpler  than  the  synchronous 
motor.  The  stator  windings  on  both  machines  will  he  of  the  same 
approximate  type.  The  phase  wound  rotor  of  the  induction  motor 
will  he  not  quite  as  simple  and  rugged  as  the  revolving  field  of 
the  synchronous  motor.  Both  machines  will  have  collector  rings, 
the  induction  motor  three,  the  synchronous  motor  only  two.  The 
starting  device  for  the  synchronous  motor  will  be  no  more  elaborate 
complicated  than  that  of  the  induction  motor  and  the  air-gap 
mi  the  synchronous  motor  will  be  decidedly  larger  than  that  of  the 
induction  motor,  a  marked  point  in  its  favor.  The  synchronous 
mot<>r  will  maintain  constant  speed  under  all  conditions  of  load. 
The  induction  motor  on  the  other  hand  will  show  a  falling  off  in 

d  practically  proportional  to  the  increase  in  load  up  to  full 
load,  and  a  somewhat  greater  falling  off  in  speed  above  full  load. 
Both  motors  can  he  built  for  a  maximum  torque  which  will  be  well 
beyond  the  greatest  requirements  for  the  service  and  the  syn- 
chronous motor  may  be  given  characteristics  that  will  insure  its 
r  power  to  "hang  on  to  the  line"  under  abnormal  condi- 
tions. These  two  facts  are  not  generally  realized  by  operators. 
Figure-  confirming  this  are  given  below. 

In  a  plant  having  several  units  the  disadvantage  of  having  an 
■•ter  for  the  synchronous  motors  is  not  so  marked  as  where  a 
-ingle  unit  is  installed,  as  one  exciter  may  be  employed  to  furnish 
direct  current  for  a  considerable  number  of  synchronous  motors. 

The  starting  of  either  type  of  machine  is  equally  simple.  In 
either  case  the  compressor  is  "unloaded"  before  starting.  A  self- 
starting  synchronous  motor  synchronizes  itself.  If,  as  is  the  case 
in  some  large  plants,  the  synchronous  motor  is  not  self-starting 
but  i=  brought  up  to  speed  by  the  compressor,  with  its  valves  re- 
versed, acting  as  an  air  engine  or  by  an  auxiliary  starting  motor, 
special  attention  to  synchronizing  may  still  be  avoided  by  the  use 
of  an  automatic  synchronizer. 

The  selection  of  a  proper  synchronous  motor  is  not  as  easy 
as  that  of  an  induction  motor.  Any  induction  motor  of  the  proper 
real  capacity,  voltage,  frequency  and  speed,  with  a  reasonable  pull- 
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out  torque,  to  carry  it  through  periods  of  low  voltage,  and  ordinary 
starting  characteristics  will  operate  a  compressor  successfully, 
though  possibly  not  as  satisfactorily  as  might  be  the  case  with  a 
more  carefully  designed  machine.  In  selecting  a  synchronous  motor 
for  the  same  service,  a  number  of  features  must  be  born  in  mind 
which  do  not  enter  into  the  selection  of  an  induction  motor. 

The  first  is  the  fact  that  development  of  the  30  per  cent  full- 
load  torque  usually  required  at  starting,  necessitates  a  power  supply 
of  from  one  and  one-half  to  three  times  normal  full-load  k.  v.  a. 
A   self-starting  synchronous  motor   starts   as   an   induction   motor 


560   HORSE-POWER.   THREE-PHASE.   44O-VOLT,    120   R.P.M.    INDUCTION    MOTOR 
DIRECT    CONNECTED   TO   AN   AIR   COMPRESSOR 

At  the  Cornwall  Ore  Banks,  Cornwall,  Pa. 
and  at  that  speed  where  it  changes  in  action  from  an  induction 
motor  to  a  synchronous  motor  the  torque  suddenly  falls  to  one  half 
or  less  of  the  starting  value.  The  value  of  torque  at  this  point  is 
called  the  pull-in  torque.  True  the  greatest  torque  is  required  at 
starting  to  bring  the  parts  of  the  compressor  from  rest  to  motion. 
Thereafter  less  torque  is  required  to  speed  them  up,  but  this  torque 
must  not  be  greater  than  what  is  termed  the  "pull-in"  torque.  Many 
synchronous  motor  applications  have  been  unsatisfactory  through 
an  oversight  of  this  fact.  The  starting  torque  of  a  self-starting 
induction  motor  may  be  increased  by  increasing  the  resistance  of 
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the  cage  winding,  but  as  this  increase  in  resistance  increases  the  slip 
of  the  motor  operating  as  an  induction  motor,  it  increases  the  gap 
between  the  maximum  speed  the  motor  will  attain  under  load  when 
operating  as  an  induction  motor  and  its  synchronous  speed,  which 
is  its  normal  -peed  when  operating  as  a  synchronous  motor,  and 
the  pull-in  torque  decreases  as  a  result.  In  a  well  designed  motor 
the  resistance  is  so  proportioned  thai  a  good  balance  between  starting 
and  pull-in  torque  is  obtained. 

The  second  is  the  fact  that  a  certain  amount  of  care  must  be 


400   HORSE-POWER   SELF-STARTING   SYNCHRONOUS    MOTOR,   6  600  VOLTS,   THREE- 
PHASE,    60    CYCLES,    187.5    R.PM. 

Direct  connected  to  an  air  compressor  in  Central  Park,  New  York  C  ity, 
plying  air  for  use  in  building  a  16-foot  tunnel  for  the  Catskill  Aqueduct 
■m. 

employed  in  the  selection  of  a  proper  fly-wheel  for  use  on  a  com- 
pressor to  which  a  synchronous  motor  is  to  be  direct-connected. 
The  compressor,  being  a  piece  of  reciprocating  machinery  driven 
from  a  rotating  machine,  must  have  a  fly-wheel  to  equalize  the 
uneven  efforts  required  to  keep  the  reciprocating  parts  in  proper 
motion.  In  other  words,  the  fly-wheel  stores  energy  through  part 
of  each  revolution  and  returns  it  to  the  reciprocating  parts  at  other 
portions  of  the  revolution.  The  fly-wheel  accordingly  must  generate 
impulses.     In  a  simple  compressor  there  would  be  two  impulses 


E 

! 

■ 
■ 

j 

L 

■     ■ 

- 

- 

- 
: 

■ 
: 

■ 

'  : 
- . :  m  1 1 

- 


196  THE   ELECTRIC  JOURNAL 

t lie  compressor  plant  for  marly  half  an  hour.  Constant  pressure 
is  maintained  in  these  receivers  hydraulically,  the  water  in  the 
:'  the  tanks  being  received  from  an  open  water  tank  on 
the  hillside  above  the  plant,  at  a  sufficient  elevation  to  provide  the 
required  pressure  of  90  pounds.  The  entire  air  contents  of  the 
receivers  may  thus  be  used  at  full  pressure,  and  it  is  impossible 
under  any   circumstances   to   exceed    this   pressure.     The   receiver 

tern  permits  the  compressors  and  the  motors  driving  them  to 
be  operate. 1  always  at  full  load  and  maximum  efficiency.  Large 
variation-  in  demand  are  taken  care  of  by  starting  or  stopping  an 
additional  compressor  unit. 

It  will  be  seen,  therefore,  that  in  designing  this  station  every 
benefit  that  might  accrue  from  the  centralization  of  the  compressing 
machinery  has  been  taken   advantage  of.     The  cost  of   buildings, 

indations,  machinery  and  maintenance  has  been  cut  down  to  a 
minimum  per  cubit  foot  of  air.  Transmission  losses  between  the 
motor  and  the  compressor  have  been  entirely  eliminated.  The  ap- 
paratus is  operated  at  maximum  efficiency  and  the  load-factor  is 
so  good  and  the  absence  of  peaks  so  marked,  that  the  power  com- 
pany can  afford  to  make  a  marked  concession  in  its  charge.  Further, 
the  synchronous  motors  employed  in  this  plant  are  designed  to  carry 
their  full  normal  mechanical  load  with  fields  over-excited  so  as  to 
obtain  80  per  cent  power- factor  leading  in  the  motors.  With  the 
entire  plant  of  7200  horse-power  in  operation,  this  feature  will 
permit  of  enough  corrective  effect  being  obtained  to  greatly  com- 
pensate for  the  low  power- factor  of  some  15000  horse-power  of 
induction  motors  operating  elsewhere  about  the  company's  prop- 
erties. 

The  particular  synchronous  motors  installed  at  the  Anaconda 
Copper  Mining  Company's  plant  are  built  with  squirrel  cage  wind- 
ings on  the  revolving  fields.  They  may  in  case  of  necessity  be  self- 
started,  but  are  not  designed  primarily  as  self-starting  motors.  As 
there  is  almost  alw .  >sure  in  the  receiving  system  of  the 

compressors,  arran.         Qts  have  been   made  to  reverse  the  valves 
on  the  comp'  -   and  permit  each   one  to  act  as  an   air  engine 

and  bring  its  motor   up   '  ed,   after   which   the   motor   is   syn- 

chronized in  the  ordinary  manner.     As  a  refinement,  an  automatic 

chronizer  has  been  included  in  the  switchboard  equipment,  per- 
mitting the  motor  to  be  synchronizer!  without  any  attention  from 
the  operator,  when  it  reaches  the  proper  voltage  and  speed.  Should 
pressure  in  the  receivers   fail,   due  to  some  accident,  the  motors 
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can  still  be  started  by  applying  alternating  current  to  the  armature 
w  indings. 

As  an  instance  of  what  can  be  clone  in  the  designing  of  a 
synchronous  motor  of  this  size  as  to  efficiency  and  stability,  a  de- 
scription of  the  motors  in  this  plant  is  presented: — 

The  motors  are  all  rated  normally  at  1200  horse-power,  three 
phase,  60  cycles,  2400  volts,  75  r.  p.  m.  They  have  a  continuous 
over-load  capacity  permitting  their  operation  at  1500  horse-power 
and  80  per  cent  leading  power- factor  in  the  motors.  They  are 
engine  type  in  construction,  the  spiders  of  the  revolving  fields  being 
in  halves  assembled  directly  on  the  shafts  of  the  compressors.     At 


VIEW    IX    COMPRESSOR   ROOM    OF   THE   ANACONDA    COPPER    MINING    COMPANY 

Showing  1  200  horse-power  synchronous  motors,  direct  connected  to  air 
compressors. 

full  load  they  have  an  efficiency  slightly  in  excess  of  95  per  cent. 
A  corresponding  induction  motor  designed  for  a  reasonably  good 
power-factor,  would  not  have  better  than  92  per  cent  efficiency. 
Accordingly  in  this  plant  of  7200  horse-power,  where  there  is  a 
saving  in  efficiency  of  about  three  per  cent  or  something  over  200 
horse-power,  which  when  capitalized  means  a  very  considerable  in- 
vestment. 

The  engineers  of  the  Anaconda  Copper  Mining  Company  were 
at  first  somewhat  fearful  that  these  synchronous  motors  would  not 
be  sufficiently  stable  on  the  line,  particularly  if  considerable  power- 
factor  correction  were  attempted  with  them,  and  accordingly  the 
manufacturers  agreed  to  guarantee  successful  synchronous  opera- 


[98 


THE   ELECTRIC   JOl'hW.-lL 


tion  without  tendency  to  fall  out  of  step  or  hunt  under  conditions 
from  one-quarter  to  one  and  one-quarter  load  with  the  voltage 
varying  from  2200  to  2600  volts  and  at  various  power-factors  rang- 
from  80  per  cent  leading  to  100  per  cent. 

A  maximum  of  two  and  one-half  times  full-load  torque  with 
the  motors  operating  at  unity  power-factor  was  also  guaranteed. 
After  operating  for  over  a  year  the  motors  have  proven  that  they 
will  more  than  meet  the  guarantee  regarding  stability  made  for 
them  and  have  proven  themselves  in  every  way  equal  in  operation 
to  any  induction  motors,  while  allowing  a  considerable  improvement 


•PRESSED    AIR   RECEIVER    SYSTEM    OF    THE    ANACONDA    COPPER    MINING    COMPANY 

in  efficiency  over  what  might  have  been  obtained  from  induction 
motors,  and  at  the  same  time  permitting  of  large  power-factor  cor- 
rection altogether  impossible  with  induction  motors.  The  determina- 
tion of  the  Anaconda  Copper  Mining  Company's  engineers  to  dou- 
ble the  output  of  this  plant,  using  motors  of  exactly  the  same  de- 
sign as  those  now  installed  is  a  good  testimonial  of  their  satisfactory 
performance. 


INDUSTRIAL  MOTOR  APPLICATIONS  ON  THE 

PANAMA  CANAL 

F.  C.  HANKER 

THERE  has  been  so  much  information  published  relative  to 
the  general  type  and  features  of  the  Panama  Canal  that 
it  is  not  necessary  to  give  a  detailed  description  here.  As 
is  well  known,  the  canal  is  of  the  lock  type  with  three  lifts  to  raise 
the  vessels  85  feet  to  the  level  of  Gatun  Lake. 

The  future  Atlantic  or  Pacific  liner  will  enter  a  channel  hav- 
ing a  bottom  width  of  500  feet  at  Port  Limon.  The  ship  will  steam 
seven  miles  through  the  river-like  canal  to  the  locks  at  Gatun. 
Here  it  will  enter  a  series  of  three  locks  and  be  lifted  to  the  level 
of  Gatun  Lake.  From  these  locks  it  will  steam  at  full  ocean  speed 
for  a  distance  of  24  miles  over  a  marked  channel  from  500  to  1000 
feet  wide  across  Gatun  Lake  to  Bas  Obispo.  Here  the  vessel  will 
enter  the  Culebra  cut  and  for  nine  miles  will  necessarily  travel  at 
comparatively  slow  speed  owing  to  the  narrow  tortuous  channel, 
the  width  at  the  bottom  in  this  section  being  300  feet.  At  Pedro 
Miguel  is  a  single  flight  of  locks  through  which  the  vessel  is  lowered 
to  Miraflores  Lake.  The  route  will  extend  for  a  distance  of  one 
and  one-half  miles  through  this  lake  to  the  Miraflores  locks.  These 
locks  are  in  two  flights  and  will  lower  the  vessel  to  sea  level  on  the 
Pacific  side.  From  this  point  there  will  be  8.5  miles  of  sea  level 
canal  to  deepwater  in  the  Pacific.  As  may  be  seen  from  the  out- 
line map,  Fig.  1,  it  is  necessary  to  go  East  as  well  as  South  to  go 
from  the  Atlantic  to  the  Pacific  when  traveling  by  the  canal. 

In  the  construction  work  on  the  canal,  electrically  driven  equip- 
ment has  been  used  wherever  the  work  has  been  concentrated  to 
such  an  extent  that  it  was  desirable  or  economical  to  employ  such 
motive  power.  At  the  Gatun  locks  and  at  the  locks  on  the  Pacific 
the  character  of  the  work  was  such  that  the  superiority  of  elec- 
trically driven  equipment  was  unquestionable. 

CONSTRUCTION   WORK  ON  THE  ATLANTIC  DIVISION 

The  work  at  Gatun  may  be  separated  into  two  classes,  the  con- 
struction of  the  dam  and  the  construction  of  the  locks.  In  the 
construction  of  the  dam  two  miniature  mountain  chains  were  built 
of  carefully  selected  rock  brought  in  part  from  the  cut  at  Culebra. 
The  area  between  these  piles  of   rock,   comprising  the   hydraulic 
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core,  was  filled  in 
b)  pumping  careful- 
ly selected  material 
from  adjacent  sites 
both  above  and  be- 
low the  dam.  Some 
of  these  pipe  lines 
were  of  considera- 
ble length  and  in 
them  were  installed 
relay  pumping  out- 
fits, the  centrifugal 
dredging  pumps  be- 
ing driven  by  550 
hi  irse-power,  three- 
phase,  25  cycle. 
2  200  volt,  squirrel 
cage  induction  mo- 
tors. The  dam  thus 
formed  is  7  500  feet 
long,  2  100  feet 
wide  at  the  base, 
400  feet  wide  at  the 
w  ater  surface  and 
100  wide  at  the  top, 
which  is  about  115 
feet  above  sea  level. 
A  concrete  spillway, 
constructed  through 
the  center  of  a  small 
hill  in  the  line  of 
the  dam,  provides 
for  carrying  off  ex- 
cess water  and  for 
regulating  the  height 
of  ( ratun  Lake. 

The  material  used 
in  the  construction 
of  the  locks  is 
handled  by  electric- 
ally driven  equip- 
ment   from    its    de- 
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livery    in    barges    at    the    harbor    excavated    in    the    old    French 

canal  to  the  placing  of  the  concrete  in  the  locks.  The 
crushed  rocks  is  received  from  the  quarries  and  crushers, 
iocated  at  Porto  liello,  about  20  miles  east  of  Colon,  and 
the  sand  from  the  -and  pits  at  Nombre  de  Dios,  about 
15  miles  beyond  Porto  Hello.  The  cement  is  transported 
from  the  States  by  ship  and  unloaded  into  barges  for  transpor- 
tation up  the  old  French  canal.  The  cement  shed  is  located 
alongside  this  harbor  and  overhangs  the  channel  so  that  the  mate- 
rial can  be  unloaded  by  means  of  traveling  cranes  operating  on 
runways  extending  back  into  the  store  house.     The  rock  and  sand 


FIG.    2 — THREE-PHASE,    INDUCTION    MOTOR-DRIVEN    DUMP   CARS 

These  cars  run  without  an  attendant  from  the  stock  piles  to  the  mixers. 
at  a  rate  of  about  four  miles  per  hour. 

are  unloaded  by  means  of  cableways  and  stored  on  stock  piles  near 
the  cement  shed.  From  this  cement  shed  and  stock  piles  the  raw- 
material  is  transported  to  the  concrete  mixing  plant  by  the  three- 
phase  automatic  railway.  The  cars  used  on  this  railway,  shown 
in  Fig.  2,  are  of  the  two  compartment  double  truck  dump  type, 
each  driven  by  two  7.5  horse-power,  three-phase,  25  cycle,  totally 
enclosed  squirrel  cage  motors.  Their  operation  is  controlled  by 
attendants  located  at  the  various  valves  and  hoppers  where  they 
are  loaded  or  unloaded.  In  starting  on  a  cycle  an  empty  car  enters 
the  tunnel  under  the  cement  storehouse  and  is  there  stopped  by  an 
attendant  beneath  a  cement  valve  where  a  measured  quantity  of 
cement  is  discharged  into  the  car.  It  is  then  started  and  runs 
through   the   tunnel   extending  beneath   the   sand    and   stone   stock 
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pile?.  It  is  stopped  by  an  attendant  under  valves  in  the  bottom  of 
these  piles  and  the  respective  compartments  idled  with 
sand  and  crushed  rock.  The  cars  are  of  such  a  design  that  when 
full  they  contain  the  proper  proportions  for  a  charge  for  one  of 
the  two-yard  mixers.  The  loaded  car  travels  up  an  incline  to  the 
hopper  of  the  mixing  <\tct\  where  the  contents  are  discharged  and 
the  car  then  started  on  a  similar  cycle. 

From  the  mixing  plant,  the  concrete  is  handled  by  means  of 
a  third  rail  direct-current  industrial  railway.     The  concrete  is  dis- 
charged from  the  mixer  into  buckets  set  on  flat  cars.    These  cars  are 
hauled  to  the  desired  points  along  the  lock  site  beneath  a  second 
of  cableways,  Fig.  .}.  -panning  the  lock  excavation,  that  trans- 


FIG.  3 — PLACING  THE  CONCRETE  AT   THE  GATUN   LOCKS.   BY    MEANS   OF 

OYKKUEAD    CABLE    WAYS 

ir  pairs  of  I  I  high  are  set  on  tracks  800  feet  apart,  and 

connected  by  steel  wire  cableways  two  and  one-quarter  inches  in  diamete-, 
the  pair  having  a  carrying  capacity  in  execs  of  six  tons.  The  towers  can 
easily  be  moved  along  the  tracks,  so  that  the  carriers  can  pick  up  or  deposit 
the  big  buckets  of  concrete  or  other  supplies  wherever  desired,  the  greatest 
.:  170  feet.     Twenty  trips  an  hour  can  be  made  on  each  cableway. 

port  the  dump  buckets  to  any  point  in  the  lock  structure.  The 
hoisting,  trolleying  and  tower  moving  equipment  on  these  cable- 
ways  are  driven  by  500  volt  direct-current  crane  motors.  The 
control  is  of  the  unit  switch  type  and  the  operators  are  located  in 
the  tower-  at  points  where  they  arc  in  a  position  to  see  the  various 
lalmen.  They  cannot,  however,  see  the  buckets  when  deposit- 
ing concrete  in  the  lock  walls.  The  construction  plant  was  laid 
jut  to  handle  approximately   2000  cu.   yds.   of   concrete  per  day 
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but  has  handled  from  3  500  to  4000  cu.  yds.  in  one  day.  The  floor 
of  the  locks  varies  from  13  to  21  feet  in  thickness  of  concrete, 
and  is  reinforced  with  rails  from  the  construction  tracks  of  the 
French  Company.  Steel  face  forms,  78  feet  long  from  top  to 
bottom  and  36  feet  wide,  are  used  in  constructing  the  side  and 
center  walls.  They  are  supported  on  movable  steel  towers, 
mounted  on  tracks  as  near  the  line  of  the  walls  as  possible.  To 
complete  the  Gatun  Locks  will  require  2250000  barrels  of  cement. 
Each  lock  is  no  feet  wide  and  has  a  usable  length  of  1  000  feet. 

On  the  Pacific  end  of  Culebra  cut  a  single  flight  of  locks  will 
be  located.  The  method  used  in  the  construction  of  all  of  the 
locks  on  this  side  differs  radically  from  those  adopted  at  Gatun, 
the  modifications  in  general  being  due  to  local  conditions.  As  the 
greater  part  of  the  lock  construction  on  this  end  of  the  canal  is 


FIG.    4 — BERM    CRANES    IN    OPERATION    AT    THE    UPPER    LOCKS    AT 
MIRAFLORES,   JULY,    IQI  I 

The  culvert  shown  in  the  wall  of  the  lock,  at  the  right,  is  22  feet  in 
diameter,  and  will  be  used,  together  with  a  similar  one  in  the  center  and  in 
the  other  outside  wall,  for  filling  and  emptying  the  locks.  Laterals,  leading 
alternately  from  the  side  and  center  culverts,  are  run  in  the  floor  at  intervals 
of  32  to  36  feet  along  the  length  of  the  lock,  each  being  fed  from  five  open- 
ing in  the  floor.  Valves  are  so  arranged  that  water  may  be  fed  from  either 
of  the  upper  locks  to  either  of  the  lower,  or  water  from  one  lock  may  be 
used  to  partly  fill  the  other  lock  at  the  same  level,  thus  economizing  in  the 
use  of  water,  during  the  dry  season. 

at  Miraflores,  the  construction  plant  was  laid  out  primarily  to 
handle  the  problems  encountered  at  this  point,  so  that  so  far  as 
Pedro  Miguel  is  concerned,  they  have  not  been  able  to  handle 
the  material  as  economically  as  is  possible  at  Miraflores.  Even 
with  this  handicap  they  have  placed  the  concrete  at  a  lower  cost 
than  at  Gatun.  The  total  difference  in  cost  between  the  concrete 
at  either  end  of  the  canal  is  considerable  but  a  great  deal  of  this  is 
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due  to  the  higher  firsl   cosl   of  the  raw   materia]  on   the  Atlantic 
le. 

KSTRU<   ii<  'X    WORK    ON     nil'    PACIFK     DIVISION 

>  )n  the  Pacific  side  the  crushed  rock  is  obtained  from  the  quar- 
(1  crushing  plant  on  Ancon  Hill.  The  haul  from  this  point 
the  lock  site  is  almosl  entirely  down  hill  so  that  the  handling 
is  very  economical.  The  sand  comes  from  the  sand  pits  behind 
Chame  Point  about  20  miles  west  from  the  entrance  of  the  canal 
and  is  brought  in  barges  to  the  docks  at  Balboa  where  it  is  un- 
loaded by  the  sand  cranes.  These  cranes  are  operated  electrically 
by  direct-current  and  discharge  the  sand  very  rapidly  and  cheaply. 


FIG.    5 — CHAM1  OPERATION     .VI     PEDRO     MIGUEL    LOl   I 

AP  ".    I'll'i 

h  crane  i-  mounted  on  tour  heavy  truck-  and  is  movable  along  flu- 
tracks.     T;  achiner  >u  e  at  the  top  of 
er. 

m  the  dock-  the  -and  is  handled  by  rail  to  the  trestles 
over    the     stock    pil  The    cement    is    transported    from     the 

Atlantic  side  by  rail  and  unloaded  at  the  cement  shed  or  at  the 
mixing  plant  located  in  the  crane  towers.  The  stock  piles  and 
trestles  are  so  arranged  that  "-and  is  dumped  on  one  side  and 
crushed  rock  on  the  other.  At  Miraflores  they  are  also  located 
adjacent  to  the  lock  site  the  entire  length  of  the-  locks. 

The  construction  plant  for  handling  the  material  at  the  locks 
on    this    division   c  of   cantilever   cranes    of    two   types,    the 

ailed   berm  cranes   and   chamber   cranes.      The  general  type  is 
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essentially  the  same,  the  difference  being  that  in  the  berm  crane 
the  fixed  cantilevers  on  one  side  are  replaced  by  a  boom  designed 
for  operation  in  any  position  from  15  degrees  above  to  15  degrees 
below  the  horizontal  The  hoists  and  trolleys  are  operated  by 
electrically  driven  hoisting  machines  installed  on  top  of  the  crane 
towers  and  controlled  by  operators  located  in  cabs  on  the  trolleys. 
From  this  position  they  are  able  to  see  the  load  at  all  times  and 
consequently  can  work  to  a  better  advantage  than  in  the  case  of 
the  operators  at  Gatun.  The  two  types  of  cranes  are  shown  in 
Figs.  4  and  5.  The  hoisting  machines  on  the  chamber  cranes  and 
on  the  booms  of  the  berm  cranes  are  driven  by  50  horse-power 
motors  while  on  the  fixed  cantilever  of  the  berm  cranes  65  horse- 


FIG.    6 — EXCAVATING    BY    HYDRAULIC    METHOD    AT     MIRAFLORES 

power  motors  are  provided  for  the  hoists  on  the  grab  buckets 
handling  the  raw  material.  The  control  is  of  the  remote  electrically 
operated  unit  switch  type  and  is  arranged  for  dynamic  braking.  This 
feature,  in  the  case  of  the  movable  boom,  required  special  arrange- 
ment to  take  care  of  the  different  operating  conditions.  All  motors 
are  installed  in  the  operating  house  and  are  of  the  500  volt,  direct- 
current  open  type. 

At  Miraflores,  the  fixed  cantilever  arms  of  the  berm  cranes 
extend  over  the  rock  and  sand  stock  piles  so  that  the  raw  material 
can  be  handled  directly  by  the  grab  bucket  to  the  hoppers  of  the 
mixing  plant  in  the  tower.  The  concrete  is  discharged  into  dump 
buckets  set  on  a  platform  on  the  opposite  side  of  the  tower.  From 
here  it  is  handled  by  the  hoist  and  trolley  on  the  movable  boom  and 
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either  deposited  in  the  side  wall  or  transferred  to  the  chamber  crane 
by  means  of  which  it  is  placed  at  any  point  in  the  center  wall.  At 
Pedro  Miguel  there  is  an  additional  operation,  owing  to  the  fact 
that  they  are  unable  to  extend  the  stock  piles  the  entire  length  of 
the  lock,  so  that  it  is  necessary  to  transport  the  concrete  from  the 
mixers  to  the  chamber  cranes  by  means  of  construction  trains  hauled 
by  small  steam  locomotives. 

There  is  a  section  of  canal  prism  about  one  and  one-half 
miles  below  the  Miraflores  leek-  that  crosses  the  bed  of  the  Rio 
Grande  several  times.  The  average  elevation  of  rock  excavation 
in  this  section  was  minus  30.  A  careful  study  of  the  conditions 
indicated  that  a  hydraulic  excavating  plant  would  be  the  cheapest 
and  most  expeditious  method  of  removing  and  disposing  of  the  al- 
luvial deposit  covering  the  rock.  This  involved  disintegrating  the  ma- 
terial and  washing  it  to  sumps  by  means  of  a  water  jet  under  high 
pressure  and  lifting  and  conveying  it  through  pipe  lines  by  means 
of  dredging  pumps.  The  high  pressure  water  supply  for  the  moni- 
tors was  secured  from  a  central  pumping  plant  built  near  the  sec- 
tion to  be  excavated  on  the  Rio  Grande,  west  of  the  canal.  In 
this  plant  were  installed  horizontal  direct-acting  triple  expansion 
pumping  engines.  The  dredging  pumps  wrere  installed  on  rein- 
forced concrete  barges  and  in  excavating,  a  section  would  be  iso- 
lated by  dikes  at  either  end  and  the  water  pumped  out  until  there 
was  just  sufficient  to  float  the  barges  at  the  lowest  level,  as  shown 
in  Fig.  6.  The  monitors  would  then  be  operated  near  the  barges 
so  as  to  lower  them  to  bed  rock  and  form  a  pool  or  sump  for  the 
suction  pumps.  The  regular  operation  of  undercutting  and  sluic- 
ing the  material  to  the  dredges  was  then  continued  until  there  was 
insufficient  slope  for  the  silt  to  flow  readily.  The  barge  would 
then  be  floated  to  another  point.  The  excavated  material  was  used 
in  part  for  the  hydraulic  fill  of  the  Miraflores  dam  and  to  reclaim 
a  considerable  area  of  swamp  land  belonging  to  the  Canal  Com- 
mission. There  is  installed  on  each  of  these  barges  an  18  inch 
centrifugal  dredging  pump  direct  connected  to  a  655  horse-power, 
three-phase,  25  cycle,  2080  volt  squirrel  cage  induction  motor.  The 
power  supply  to  the  barges  is  through  lead  covered  submarine  cable 
from  distributing  points  on   shore. 

POWER    SUPPLY 

The  power  supply    for  the  construction   equipment   has  been 
furnished  by  two   steam  turbine   driven   plants,   one  located   in   a 
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temporary  structure  at  Gatun  and  the  other  in  a  permanent  station 
at  Miraflores.  This  latter  plant  will  be  retained  as  a  reserve  for 
the  hydro-electric  plant  to  be  installed  at  Gatun.  In  each  of  these 
stations  there  are  installed  three  1500  k.  v.  a.,  three-phase,  25  cycle, 
2200  volt  turbo-alternators.  The  500  volt  direct-current  for  cranes, 
cableways,  etc.,  is  obtained  from  rotary  converters  installed  in  the 
main  station. 

The  permanent  equipment  to  be  installed  at  the  different  locks 
will  be  electrically  driven,  the  power  supply  being  obtained  under 
normal  conditions  from  the  hydro-electric  station  to  be  installed 
at  the  spillway  of  the  Gatun  dam.  The  steam  turbine  station  now 
installed  at  Miraflores  will  be  retained  as  noted  above  as  a  reserve 
and  a  transmission  line  to  be  constructed  across  the  Isthmus  will 
tie  in  the  two  stations  so  that  the  equipment  may  secure  power 
from  either  or  both  points.  The  load  curve  of  these  stations  will 
approximate  that  of  an  industrial  power  plant.  The  motors  for 
driving  the  various  machines  are  of  comparatively  small  size  and 
consequently  no  extreme  or  sudden  changes  of  load  of  any  magni- 
tude are  expected  under  normal  operating  conditions.  The  aver- 
age power  required  by  the  lock  operating  machinery  for  continuous 
locking  will  approximate  400  kilowatts,  and  it  is  probable  that  an 
additional  capacity  of  approximately  2  000  kilowatts  will  be  re- 
quired to  provide  for  the  shops  and  lights. 


THE  POWER  PHASE  OF  INDUSTRIAL  ENGINEERING 

A.  F.  STROUSE* 

"Industrial  Engineering  is  the  study  of  the  ques- 
tion of  the  equivalency  between  the  dollars  spout 

and  the  things  secured." — Going. 

EXPRESSED  in  one  sentence,  the  above  statement  is  probably 
the  broadest  and,  analytically,  the  most  direct  definition 
that  has  been  applied  to  the  class  of  service  known  as  "In- 
dustrial Engineering."  Regardless  of  the  nature  of  the  work,  or 
the  angle  from  which  the  work  is  treated,  the  industrial  engineer 
is  invariably  striving  toward  some  result  which,  when  attained,  will 
enable  his  client  to  get  better  returns  in  proportion  to  expenditures. 

The  selling  price  of  a  manufactured  article  is  fixed  by  competi- 
tion, and,  since  the  cost  of  labor  and  raw  material  is  virtually  be- 
yond the  control  of  the  manufacturer,  in  order  that  he  obtain  a 
legitimate  profit  on  his  goods,  the  cost  of  manufacture  must  be 
decreased,  or,  what  under  the  conditions  amounts  to  the  same  thing, 
the  standard  of  efficiency  must  be  raised.  This  is  the  work  of  the 
industrial  engineer. 

Industrial  engineering  may  properly  be  divided  into  two  main 
branches : — contructive  engineering,  for  preliminary  investigation 
prior  to  new  industrial  developments  and  for  approving  the  design 
of  new  plants  as  it  relates  to  the  efficiency  of  the  process  of  manu- 
facture and  the  general  welfare  of  the  employees ;  and  reconstruc- 
tive engineering,  for  the  investigation  of  established  plants  with  a 
view  to  improving  conditions  by  raising  the  standard  of  efficiency. 

Large  industries  are  almost  always  the  result  of  gradual 
growth,  hence,  in  most  cases,  new  machinery  and  buildings  are 
either  additions  to  existing  plants  or  are  provided  for  the  continua- 
tion of  a  business  formerly  conducted  elsewhere.  Whenever  fac- 
tories have  been  put  together  piecemeal,  there  are  sure  to  be  weak- 
nesses in  the  general  layout,  and  it  is  in  these  instances  especially 
that  the  industrial  engineer  can  be  of  service. 

Applied  to  reconstructive  work,  industrial  engineering  is  again 
divided  into  two  distinct  elements,  viz,  the  human  clement  and  the 
mechanical  element.  The  human  element  includes  the  organization 
and  conditions  affecting  labor.  The  mechanical  element  comprises 
the  generation,  distribution  and  utilization  of  power  as  applied  to 
manufacturing.  This  article  will  deal  only  with  the  question  of 
power,  first  in  reference  to  utilization  in  manufacturing  and  sec- 
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ond  in  connection  with  new  developments,  the  latter  being  usually 
central  station  propositions. 

POWER    LOSSES   BY    SHAFTING   AND   BELTING* 

With  few  exceptions,  the  greatest  leakage  of  power  in  a  fac- 
tory occurs  where  belt  drive  is  used.  This  is  not  necessarily  due 
to  a  faulty  or  incorrect  application,  but  the  very  nature  of  the  drive 
renders  the  loss  unavoidable.  Power  is  lost  in  transmission  through 
bearing  friction  on  shafting,  pulley  windage,  and  belt  slippage. 
Production  is  lost  through  belt  slippage,  breakage  of  belts,  ma- 
chines operating  below  rated  speed,  variations  of  engine  speed, 
and  delays  incurred  by  engine  break-downs. 

Exhaustive  tests,  the  results  of  which  are  on  record,  show  that 
the  waste  power  consumed  by  bearings,  pulleys,  and  belts  varies 
from  27  to  75  percent,  and  in  most  cases  approximates  50  percent 
of  the  power  generated.  It  has  been  found  that  the  friction  of  a 
shaft  is  approximately  constant  and  closely  approximates  four 
horse-power  per  one  hundred  feet.  Also,  actual  tests  show  that  a 
simple  two-bearing  countershaft  consumes  in  friction  about  250 
watts.  It  is  possible  to  drive  about  twenty  machines  from  a  100- 
foot  shaft  without  crowding.  In  many  shops  this  number  is  very 
much  exceeded.  Assuming  a  countershaft  for  each  machine  (a 
condition  which  usually  exists),  there  is  a  loss  of  five  kilowatts 
or  6.7  horse-power  due  to  countershafts.  This  loss  goes  on  con- 
stantly, unless  the  arrangement  is  an  unusual  one,  in  which  the 
countershaft  runs  only  when  the  machine  is  in  use. 

Power  is  also  lost  through  slipping  of  belts.  In  very  few- 
factories  are  the  proper  allowances  for  belt  slippage  made  at  the 
time  the  plant  is  laid  out.  This  means  that  in  the  majority  of 
plants  improper  pulley  sizes  exist,  not  because  the  speed  ratios 
have  been  incorrectly  figured,  but  due  to  the  element  of  slip  having 
been  totally  neglected.  For  example,  consider  an  ideal  layout  of  a 
50  horse-power  engine  belted  to  a  main  line  shaft  100  feet  long, 
driving  twenty  machines  by  countershafts.  The  belt  slippage  from 
the  main  driving  pulley  to  the  driven  pulley  on  the  main  shaft  will 
be  about  six  percent.  On  the  basis  assumed,  4  horse-power  is  lost 
in  the  shaft  bearings,  6.7  horse-power  in  countershafts,  and  6  per- 
cent of  50  horse-power  or  3  horse-power  in  the  main  driving  belt, 
a  total  of  13.7  horse-power  or  27.4  percent.  This  loss  is  the  mini- 
mum, and  increases  with  load. 


♦All  data  contained  herein  is  the  result  of  investigations  and  tests  made 
by  The  Industrial  Engineering  Company,  Pittsburgh,  Pa. 
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The  above  27.4  percent  represents  the  performance  with  first 
class  equipment  and  proper  pulley  sizes,  belt  widths,  etc.  It  is 
not  difficult  to  sec  that  this  figure  would  he  greatly  increased  in 
plants  where  the  system  of  belting  and  shafting  has  been  put 
tiier  piecemeal,  with  no  regard  to  arc  of  pulley  contact,  speed 
rati  -.  c  irrect  belt  widths,  proper  spacing  of  bearings,  etc.  In 
addition  to  the  above  mentioned  losses,  a  considerable  loss  occurs 
in  belts  from  the  countershafts  to  the  machine  pulleys.  These 
ss es  amount  to  from  5  to  30  percent  depending  upon  the  number 
of  machines  running,  width  of  belts  and  pulley  ratios. 

In  the  foregoing  it  has  been  shown  where  loss  of  power  occurs, 
and  it  should  be  borne  in  mind  that  a  friction  loss  of  from  25  to  30 
percent  is  under  ideal  conditions,  and  many  times,  when  indicating 
engines,  it  has  been  found  that  in  order  to  turn  the  wheels  of  the 
factory,  without  any  machines  in  operation,  requires  50  to  60  per- 
cent of  the  total  power  developed. 

HOW    LOSSES    IN    POWER    AFFECT    PRODUCTION 

The  cost  of  the  power  wasted  in  transmission,  although  large 
in  percent  of  power  used  and  frequently  in  dollars,  is  not  usually 
an  important  item,  because  the  total  cost  of  power  is  generally  only 
a  small  percentage  of  the  total  cost  of  production.  But  the  loss  of 
production  caused  by  the  slipping  and  breaking  of  belts,  machines 
operating  at  less  than  normal  speed,  variations  in  the  speed  of  the 
engine,  and  through  delays  incurred  by  engine  break-downs  is  a 
serious  matter.  The  ideal  condition  would  be  to  have  each  machine 
throughout  the  entire  factory  operate  at  its  maximum  speed  with- 
out any  variation  or  interruption  during  the  working  day.  This 
would  give  a  maximum  production,  and  make  the  quality  of  the 
finished  product  uniform. 

Recently  the  writer  had  occasion  to  participate  in  the  investi- 
gation of  a  number  of  cotton  mills  in  the  South.  Speed  tests  were 
made  upon  a  great  many  of  all  types  of  machines  used  in  this  in- 
dustry. It  was  found  that  the  greater  number  of  each  type  were 
operating  not  only  under  speed,  but  that  the  speed  fluctuated  very 
much.  Table  I  shows  the  speed  fluctuation,  the  machine  manu- 
facturer's rated  speed,  and  at  what  percent  under  this  speed  the 
machines  were  operating. 

To  show  how  detrimental  underspeed  operation  is  to  produc- 
tion let  us  analyze  the  conditions  for  a  loom.    The  32-inch  looms  in 
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question  were  weaving  No.  13  warp.  It  requires  40  picks  of  No. 
13  warp  to  weave  one  inch  of  cloth  32  inches  wide.  (A  "pick"  is 
one  travel  of  the  shuttle  through  the  warp.)  These  looms  aver- 
aged 157  picks  per  minute  and  were  designed  to  run  at  170  picks 
per  minute;  thus  it  is  seen  that  13  picks  were  lost  every  minute, 
hi  a  3000  hour  year,  the  normal  operating  time  of  cotton  mills, 
this  loom  would  lose  2340000  picks  per  year.     Inasmuch  as  40 

TABLE  I— SPEED  VARIATION  IN  COTTON  MILLS. 


Machine. 

Speed  Variation     Rated  Speed 

Percent  Under 
Rated  Speed 

Revolutions  per  minute 

Breakers 

1 200- 1 220 
1 120-1220 
450-  400 
1 150-1220 
Normal 
278-  28s 
252-  274 
358-  376 
340-  360 
890-  900 

I450 

M50 

55o 

M50 

300 

i6.5S 
19.30 
14-55 
18.25 

12.3 

Intermediate  Breakers 

Pickers 

Lappers 

Cards 

Draw  Frames 

Slubbers 

Intermediate  Speeders 

Finishing  Speeders 

Spinning  Frames 

Picks  per  Minute 

32  inch  Looms 

.154-  160 

170 

160 

7.67 
8-75 

36  inch  Looms 

140-  152 

picks  are  required  to  make  an  inch  of  cloth,  this  means  that,  were 
the  loom  brought  up  to  normal  speed,  2  340  000  -4-  40  or  58  500 
inches,  or  1  625  yards  more  cloth  could  be  produced  per  loom  every 
year.  As  this  mill  has  1  600  looms,  this  means  2  600  000  yards  per 
year. 

It  was  recommended  that  motor  drive  be  installed  in  this  mill. 
Allowing  for  electrical  transmission  losses  and  losses  in  the  motors, 
it  was  determined  that  at  least  an  8.5  percent  increase  in  produc- 
tion could  be  effected. 

Information  was  gathered  in  a  number  of  mills  to  ascertain 
the  average  distribution  of  operating  expense  items.  This  informa- 
tion is  used  in  the  following  tabulations  to  show  how  the  net  profit 
is  affected  by  the  increased  production  and  is  typical  of  a  60  000 
spindle  mill. 

PRESENT    OPERATION 

Value  of  Finished  Product $1  874  500 

Fixed  Charges    $112  500 

Operating  Expenses : 

Salaries    and    Wages.... 412000 

Cotton    900  000 

Miscellaneous  Expenses    300  000 

Total  Expenses    1  724  500 


Net  Profit 


$    150  000 
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OPERATION   Willi   8.5    PERI  VSE    i\    PRODUCTION 

iduct $2  035  OOO 

rges   .  $122  500 

Op 

412000 

'  on    976.000 

Miscellaneous   Exp  300000 

Total   Expenses   1  810  500 

Profit   $   224  500 

The  above  items  expressed  in  percent  of  the  value  of  finished 
product  would  be  as  follows: — 

PRESENT  OPERAI  [ON 

uc  of  Finished   Product 100 

Charges    6 

Operating  Expenses : 

Salaries  and  Wages 22 

Cotton    48 

Miscellaneous   Expenses    16 

Total   Expenses    92 

t  Profit   8  Percent 

OPERATION    WITH    8.5    PERCENT   INCREASE    IN    PRODUCTION. 

Finished  Product 100 

ed  Charges   6 

Operating  Exp 

5   'aries  and  Wages 20.25 

Cotton    48.00 

Miscellaneous   Expenses    1475 

Total  Expenses    89 

Net  Profit   t  1   Percent 

The  fixed  charges  were  increased  $10000  per  year  to  cover 
electrical  equipment.  This  amount  is  offset  somewhat  by  allowing 
no  increase  in  miscellaneous  expense.  This  increase  in  fixed 
chai  however,    doe-    not    alter   the    percentage    for    this    item. 

Salaries  and  wages  remaining  the  same  under  both  conditions,  the 
item  percentage  with  increased  production  is  lowered.  This  also 
is  true  for  miscellaneous  expenses,  although  this  item  is  cared  for, 
as  explained,  by  the  fixed  charges.  The  cost  of  cotton,  in  accord 
with  the  production  increases  8.5  percent,  as  shown  in  the  second 
tabulation,  the  percentage  of  the  value  of  products  remaining  the 
same.  The  net  profit  increased  from  $150000  to  $224500,  or 
49.7  percent. 

This  method  of  determining  the  increase  in  net  profit  may 
be  used  in  connection  with  any  industry,  the  expense  items  being 
known.  The  writer  is  familiar  with  an  instance  of  a  machine  shop 
having  a  u  business  of  $100000  per  year,  where  the  production 
was  increased  20  percent,  increasing  the  net  profit  120  percent. 
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THE  COST  OF  POWER 

The  industrial  engineer  finds  many  plants  generating  their  own 
power  by  means  of  boilers  and  engines.  The  question  immediately 
arises: — "Is  it  possible  to  secure  the  required  power  more 
cheaply"?  In  a  great  many  instances  large  savings  can  be  effected 
by  a  scientific  analysis  of  the  generating  conditions,  that  is,  by 
studying  the  combustion  chamber,  draft,  method  of  firing,  steam 
transmission,  etc.,  and  in  the  engine,  by  studying  the  valve  action. 

Until  within  a  few  years  ago,  small  plants  had  no  alternative 
in  the  matter  of  power.  They  had  to  have  their  own  generating 
plant,  this  being  at  the  time  the  most  economical  and  satisfactory 
method.  Now  central  stations  are  covering  almost  every  territory 
where  industry  thrives.  Again  we  come  back  to  the  question  of 
equivalency.  The  problem  before  the  industrial  engineer  is  to  de- 
termine whether  it  is  cheaper,  all  things  considered,  for  the  manu- 
facturer to  retain  his  present  small  generating  station  or  buy  power 
from  a  central  station ;  whether  he  shall  continue  driving  his  ma- 
chinery by  shafting  and  belting  or  install  a  system  of  motors.  To 
arrive  at  a  decision  it  is  necessary  to  make  a  thorough  study  of 
power  costs. 

It  is  remarkable  how  few  manufacturers  attempt  to  keep  a 
record  of  their  power  costs,  and  it  is  even  more  remarkable  that 
where  records  are  kept,  they  are  in  most  cases  found  to  be  incorrect. 
Many  manufacturers  who  are  under  the  impression  that  they  have 
accurate  figures  on  the  cost  of  their  power,  quote  costs  that  are  not 
approached  even  by  large  power  companies  who  have  the  most 
efficient  generating  apparatus  obtainable  and  whose  sole  object  is 
to  obtain  the  greatest  economy. 

It  is  a  common  occurrence  to  have  a  manufacturer  state  that 
he  is  generating  power  as  low  as  one-half  or  three-quarters  of  a 
cent  per  kilowatt-hour,  this  including  both  operating  and  fixed 
charges.  These  figures  are  very  inconsistent  when  compared  with 
the  costs  of  some  of  the  largest  power  companies.  For  instance, 
there  is  a  large  power  company  in  the  Pittsburgh  district  with  a 
modern  station  having  a  total  capacity  exceeding  25  000  kilowatts 
in  generating  units,  and  their  cost  ranges  from  0.7  to  0.8  cent  per 
kilowatt-hour,  depending  upon  the  season  of  the  year  and  the  load. 
This  cost  is  at  the  switchboard  and  includes  all  charges.  Their 
fuel  (run-of-mine  coal)  costs  them  S0.95  per  ton  delivered.  It  is 
safe  to  say  that  there  is  not  a  manufacturer  in  the  Pittsburgh  dis- 
trict whose  power  cost  even  approaches  these  figures. 


2H 


THE   ELECTRIC  JOURNAL 


To  show  the  cost  of  power  for  plants  of  various  sizes,  results 
obtained  from  the  analysis  of  a  power  market  in  one  of  the  cheap- 
fuel  sections  of  this  country,  are  given  in  Table  II.  The  manu- 
facturers were  buying  natural  gas  at  four  cents  per  thousand  cubic 
I  and  coal  at  from  $0.70  to  $0.90  per  ton.  A  total  of  207  plants 
were  investigated,  but  space  does  not  permit  giving  the  results  for 
all  of  these,  hence  the  costs  for  only  a  typical  case  for  each  industry 
are  shown. 

TABLE  II— COST  OF  POWER  IX  INDUSTRIAL  PLANTS 


Name. 


Engine 

I  [( irse  pi  >wer 

Installed. 


Load 

Factor 

Percent. 


Costs  per 
lip  Mr. 
Cents. 


Mirror  Work? 

Belting  Co 

g  Co 

Furniture  Co 

Ice  Co 

Knitting  Co 
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Lumber  Co 

k  Co 
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Machine  Co 

-  Works 

Malleable   Iron  Work-. 

tern  Works 

Paper  Box  Co 

10  Co 

Co 

r  Plate  Co 
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Bolt  Works 

Laundrv 


60 

75 
30 
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60 

250 
20 
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250 
50 
50 
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475 

15 

375 

400 

80 

65 

75 

75 
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60 

50 


24 
17 
1 1 
20 

39 
26 
24 
20 

17 
1 6 

19 
16 

14 
19 
20 
12 
[9 
19 
19 
16 

39 
16 
16 


3.406 

3-644 

3.62 

2.429 

2.558 

2.383 

3-449 

2-39 

2-97 

346 

3-33 

346 

2.42 

2.83 

2.53 

3-17 

3.30 

3-59 

3-35 

2.17 

2.64 

2.16 

376 


All  users  were  classified  according  to  the  engine  horse-power 
installed.     The  classification  adopted  is: — 

Class  A — Users  of  3000  horse-power  and  over 
"      B —     "       "     400  to  3000  horse  power 
»      C—     "       "     100  "     400      " 
"      D—     "       "         1    "      100      " 
1  he   average   costs    for   all    207    isolated   power   users   in    this 
territory,    assigned    to    their    proper    class,    were    found    to    he    as 

follows : — 

Class  \ — 1.45  cents  per  hp-hr.  or  T.94  cents  per  ku-hr. 

B— 1  98   "   "    "  "  2.67 

C-2.45   "   "    "  "  328 

D—3.22   "    "  "  4-32 


«      b— 1.08      "  2.67 

"      C— 24^      "       "        "        "    1.28      " 

«      D—3.22      "       "        "         "   4-32      "       "        " 

Jn  another  power  market,  the  cheapest  fuel  was  coal  at  $ 

per  ton.     In  this  territory  it  was  found  that  the  average  costs  v 


'2-35 
were 
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increased  only  three  or  four  percent  over  those  shown  above.  The 
explanation  of  this  condition  is,  that  in  the  cheap  fuel  territory 
there  takes  place  waste  and  extravagance  which  would  not  be 
countenanced  where  fuel  is  more  costly. 

The  figures  quoted  are  representative  of  the  cost  of  power 
found  in  most  factories.  Every  manufacturer  should  have  records 
showing  the  quantity  of  power  generated  in  a  given  time  and  the 
cost  per  horse-power-hour  or  kilowatt-hour.  Unless  such  records 
are  kept  it  is  impossible  to  determine  whether  or  not  the  existing 
condition  is  open  to  improvement. 

The  reason  why  many  are  in  error  on  the  cost  of  power  is  the 

lack  of  knowledge  of  the  load  factor.    The  load  factor  is  the  ratio 

of  the  average  load   to  the  plant  capacity  based  on  8  760  hours 

operation  per  year.     There  are  very  few  plants  that  operate  every 

hour  in  the  year,  but  the  load  factor  should  be  figured  on  a  full 

year  basis,  since  the  overhead  expense  is  continuous  throughout  the 

year.    To  illustrate  how  an  incorrect  load  factor  affects  the  cost  of 

power,  the  following  instance  of  a  large  Pittsburgh  manufacturer 

is  cited.     This  manufacturer  operates  a  number  of  plants  and  was 

spending  $10000  per  year  to  keep  correct  power  cost  records,  yet 

these  records  were  found   to  be  wrong.     At  one  plant  the  total 

yearly  cost  was  recorded  as  $48  000.     The  plant  capacity  is  3  000 

horse-power   and   operates   3000   hours    per   year.      In    detail    the 

record  was : — 

Installed  horse-power 3000 

Hours  operation  per  year 3000 

Load  factor 35  percent 

Kw-hrs.  generated  per  year 6  700  000 

Total  cost  per  year $48  000 

Cost  per  kw-hr $0.00715 

In  this  case  the  error  was  produced  by  figuring  the  plant  as 
operating  at  full  load  continuously,  the  load  factor  having  been 
deduced  from  the  ratio  of  3  000  hours  to  8  760  hours.  Upon  in- 
vestigation it  was  found  that  the  average  load  was  only  1  400  horse- 
power. This  reduces  the  load  factor  to  16  percent  and  consequently 
the  number  of  kw-hours  generated  per  year  is  decreased  propor- 
tionally.    The  correct  record  is : — 

Installed  horse-power 3000 

Average  load,  horse-power 1400 

Hours  operation  per  year 3000 

Load   factor 16  percent 

Kw-hrs.  generated  per  year 3  140  000 

Total  cost  per  year $48  000 

Cost  per  kw-hr $0.01 53 
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The  owner  of  this  plant  had  insistently  refused  to  consider 
any  central  station  proposition,  but  when  an  engineering  investiga- 
tion disclosed  the  true  state  of  affairs,  negotiaions  for  purchased 

er  were  opened  immediately. 

Within  the  last  two  or  three  years  the  demand  for  motors  has 
\n  at  an  extremely  rapid  rate.  Manufacturers  are  coming 
re  and  more  to  realize  that  electric  drive  is  a  practical,  money 
:ng  method  of  machine  operation.  Even  in  small  plants  having 
their  own  generating  apparatus,  belting  and  shafting  have  been  dis- 
carded, the  engine  connected  up  to  a  generator  and  motors  installed 
at  the  machines.  This  method  is,  of  course,  expensive  as  the  plant 
has  not  only  the  greater  part  of  the  former  operating  expense  bur- 
den, but  has  the  additional  overhead  expense  of  electrical  equip- 
ment. With  purchased  power  the  central  station  bears  this  fixed 
charge,  and  they  can  well  do  it  and  yet  sell  power  cheaply,  because 
their  load  factor  is  high  and  the  equipment  the  best. 

It  is  a  very  unusual  case  in  which  a  saving  cannot  be  affected 
by  substituting  motor  drive  for  shaft  and  belt  transmission.  The 
efficiency  of  electric  motors  and  the  necessary  wiring  is  about  80 
percent.  The  theoretically  ideal  system  is  one  having  the  tools 
driven  by  individual  motors.  This,  however,  is  not  at  all  times 
practicable.  The  arrangement  of  the  motors  and  their  application 
is  one  of  the  problems  of  the  industrial  engineer. 

The  use  of  motors  which  are  too  large  for  the  work  is  a  com- 
mon fault,  and  in  any  case,  the  best  possible  results  cannot  be  as- 
sured unless  the  parties  handling  the  applications  have  made  a 
study  of  and  have  had  experience  in  the  requirements  of  special 


cases. 


SOURCE  OF  POWER  FOR  NEW  PLANTS 


Without  a  thorough  analysis  of  the  case  at  hand,  it  is  im- 
^ible  to  say  which  source  of  power  for  motor  drive  would  best 
meet  the  conditions.  As  far  as  service  is  concerned,  either  an 
isolated  plant  or  a  central  station  could  fill  the  requirements.  This, 
of  course,  places  no  limit  upon  the  size  of  the  isolated  plant,  which 
in  some  cases  would  have  to  be  so  large  that,  in  everything  but 
intent,  it  would  have  the  aspect  of  a  central  station. 

The  all  important  item  is  cost.  A  power  plant  has  two  ele- 
ments making  up  the  cost  per  kilowatt-hour: — those  costs  which 
may  be  classified  under  investment,  and  those  costs  which  are  due 
to  operating  expense.  These  are  directly  dependent  upon  the 
character  of  the  work  to  be  done  and  the  load  factor.     The  result 
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of  a  careful  analysis  must  form  the  basis  upon  which  the  final  de- 
cision is  made.  Of  course,  there  are  exceptionally  peculiar  cases 
in  which  certain  conditions  to  be  met  may  make  the  question  of 
cost  a  secondary  consideration,  and  naturally,  factories  situated 
beyond  the  limits  of  central  station  service  are  given  no  choice  as 
to  their  source  of  power  supply. 

The  following  is  a  recent  instance  of  a  determination  made 
for  a  new  industry : — 

A  factory  was  to  be  built,  which  would  have  an  average  load 
of  275  horse-power  and,  to  insure  absolute  continuity  of  service 
the  owner  had  planned  to  install  two  300  horse-power  steam  en- 
gines, with  the  necessary  boiler  capacity.  Power  was  to  be  trans- 
mitted by  shafting  and  belting.  Coal  was  negotiated  for  at  $2.35 
per  ton  delivered.  The  plant  was  to  operate  ten  hours  per  day. 
An  investigation  disclosed  the  following  cost : — 

Total  initial  investment $50  000 

Load  factor 15  percent 

Investment  charges  per  horse-power  hour $0.01475 

Operating  charges  per  horse-power  hour 0.01325 

Total  cost  per  horse-power  hour $0.02800 

It  was  estimated  that  the  plant  would  have  to  generate  788  400 
horse-power-hours  per  year,  which  at  2.8  cents  equals  $22  075.  A 
central  station  in  the  territory  quoted  a  rate  of  2.25  cents  per 
kilowatt-hour,  or  1.68  cents  per  horse-power-hour.  The  equipment 
required  to  utilize  purchased  power  would  cost  $20000  as  compared 
with  $50  000  for  a  steam  plant. 

By  using  purchased  power  and  motor  drive  it  was  possible  to 
eliminate  nearly  all  of  the  proposed  shafting  and  belting  and  to  in- 
crease the  efficiency  in  other  ways  so  that  35  percent  of  the  previ- 
ously estimated  power  requirement  could  be  saved.  In  other  words, 
the  energy  required  would  be  only  512460  horse-power-hours  or 
382  000  kilowatt-hours  per  year,  which  at  2.25  cents  made  an  annual 
power  cost  of  $8  600.  The  fixed  charges  on  the  equipment  for 
purchased  power  was  $3  500  per  year.  Thus  the  total  annual  cost 
was  $12  100.  Hence  this  plant  owner  saved  $30000  on  investment 
and  $9  975  per  year  on  operating  cost.  In  addition  there  was  a 
gain  in  production  equal  to  15  percent  over  that  anticipated. 


CHARLES  IRA  YOUNG 

A  LETTER  OF  APPRECIATION. 

L.  B.  STILLWELL 

THE  passing  away,  on  January  6th,  of  Mr. 
Charles  Ira  Young  was  a  great  shock  to  his 
friends,  many  of  whom  had  seen  him  but  a 
short  time  before,  apparently  in  his  usual  radiant 
spirits.  The  Journal,  which  has  for  years  profited 
by  the  advice  and  contributions  of  Mr.  Young,  de- 
siring to  secure  for  prompt  publication,  a  personal 
review  of  the  principal  points  in  his  life,  requested 
Mr.  L.  B.  Stillwell,  who  had  known  him  intimately 
for  many  years,  to  furnish  some  reminiscences  from 
his  personal  recollection  of  Mr.  Young.  This  Mr. 
Stillwell  consented  to  do. 

The  example  of  Mr.  Young's  noble  and  courage- 
ous life,  lived  under  the  most  trying  and  discourag- 
ing circumstances,  hampered  by  a  physical  disability 
that  would  have  discouraged  any  but  the  bravest 
spirit,  was  a  constant,  ever-present  inspiration  to  his 
intimate  friends;  and  his  death  was  a  source  of  the 
greatest  sorrow  to  all  who  knew  him.  Realizing 
that  no  written  appreciation  can  do  justice  to  this 
brave,  inspiring  and  useful  life,  yet  feeling  that  all 
who  have  had  the  good  fortune  to  come  in  contact 
with  Mr.  Young  will  wish  to  have  some  permanent 
remembrance,  the  following  letter  is  presented.       (Ed.) 

L.  B.  Stillwell, 
Consulting  Electrical  Engineer, 
loo  Broadway,  N.  Y.  City. 
Mr.  A.  H.  McIntjre,  Editor, 

The   Electric   Journal, 

Pittsburgh,   Pa. 

Dear  Sir: — Responding  to  your  request  for  a  "personal,  intimate 
review  of  the  life  of  Mr.  C.  I.  Young  for  the  next  issue  of  the  Journal," 
it  is  quite  impossible  for  me  to  prepare  without  access  to  data  not  im- 
mediately available  anything  purporting  to  be  a  complete  sketch  of  Mr. 
Young's  remarkably  interesting  and  helpful  life.  The  following  is  a 
brief  review  of  his  life  as  I  have  known  it,  without  attempting  to  con- 
fer with  others  of  his  many  close  friends,  who  doubtless  are  familiar 
with  many  interesting  facts  and  incidents  of  which  I  have  not  heard 
or  have  forgotten.  Certainly  I  cannot  hope  in  a  letter  to  do  justice  to 
the  memory  of  a  life  so  exceptionally  noble  as  that  of  Charlie  Young, 
and  it  is  to  be  hoped  that  some  of  his  many  friends,  better  qualified 
than   the  writer,   will  prepare  a  fitting  record   of  a  man  who   inspired 
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warmest  friendship  in  all  who  were  privileged  to  know  him — a  man 
whose  life  was  a  rebuke  to  all  that  is  weak  or  ignoble,  and  an  inspira- 
tion to  all  that  is  brave  and  uplifting. 

Charles  Ira  Young — Charlie  Young  he  became  instantly  to  his  new 
friends  in  Pittsburgh,  as  apparently  he  always  had  been  to  the  entire 
college  community  at  Princeton — entered  the  employ  of  the  Westing- 
house  Electric  &  Mfg.  Company  in  1887.  He  was  a  son  of  the  distin- 
guished astronomer,  Charles  A.  Young  of  Princeton,  from  which  insti- 
tution he  had  been  graduated  in  1883.  His  Princeton  friends  are  better 
qualified  than  the  writer  to  describe  in  detail  his  undergraduate  career, 
but  their  testimony  is  unanimous  that  in  college  he  was  one  of  the  most 
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popular  men  of  his  day,  and  that  as  a  student  he  made  an  excellent 
record.  He  was  a  fine  musician,  and  for  a  number  of  years  officiated  at 
the  organ  in  the  college  chapel.  As  an  athlete  he  was  particularly  dis- 
tinguished in  gymnasium  work. 

After  graduation  he  entered  the  employ  of  the  Edison  Electric  Com- 
pany in  New  York,  where  for  several  years  he  acquired  valuable  practi- 
cal experience.  When  he  came  to  Pittsburgh,  therefore,  in  1887,  he 
came  as  one  of  an  extremely  limited  number  of  college-bred  men  having 
practical  experience  in  construction  and  operation,  and  was  at  once  sent 
to  Tyrone,  Pa.,  to  take  charge  of  the  installation  of  an  alternating-cur- 
rent plant,  which  was  among  the  very  early  ones  supplied  by  the  West- 
inghouse    Company.      Upon    completion   of  his  work  at  Tyrone,  he  re- 
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turned  to  Pittsburgh,  and  some  time  subsequently  was  in  charge  of  the 
installation  of  alternating-current  apparatus  at  a  plant  in  East  Liberty. 
It  is  my  recollection  that  in  this  plant  the  output  was  generated  at  I  100 
volts,  and  that  auto-transformers  were  employed  to  produce  J  200  volts 

use  on  one  or  more  of  the  outgoing  circuits.  One  afternoon  Charlie 
was  in  charge  of  a  small  force  of  wiremen  who  were  engaged  in  com- 
pleting the  connections  of  the  auto-transformers  to  dynamos  and  switch- 
board. Five  o'clock  came  and,  with  characteristic  consideration  for 
others,   he   dismissed  the   men,   telling  them   that  he,   personally,   would 

nplete  the  connections.  As  the  men  were  leaving  the  building  they 
heard  something  fall,  and  returning,  found  Mr.  Young  on  the  floor.  It 
appeared  that  in  making  a  connection  his  foot  had  come  in  contact  with 
a  wire  lying  on  the  floor  and  connected  to  the  opposite  terminal  of  the 
circuit,  and  he  received  practically  the  full  force  of  2  200  volts  potential 
between  his  right  hand  and  foot.  He  was  pulled  away  from  the  wires 
and,  soon  recovering  consciousness,  was  removed  to  his  quarters  at  the 
Amber  Club,  which  then  occupied  a  small  residence  on  North  Highland 
Avenue.  At  the  time,  apparently,  he  was  not  much  the  worse  for  the 
shock,  and  after  resting  a  week  or  so  he  resumed  work,  and  a  short  time 
later  was  sent  to  New  Orleans  to  take  charge  of  the  operation  of  a  light- 
ing plant  installed  by  the  Company  in  that  City.  This  plant,  the  largest 
alternating-current  plant  in  America  at  that  time,  comprised  five  single- 
phase  alternators  rated  at  "1  300  lights  each."  The  building  in  which 
they  were  installed  was  an  old  one,  and  the  plant  required  constant 
and  skillful  attention  from  an  engineer  both  resourceful  and  courageous. 
Charlie  Young  proved  to  be  the  right  man  for  the  place,  and  his  ener- 
getic work  was  just  beginning  to  show  results  when  paralysis,  at  first 
partial  and  then  within  a  few  days  total,  came  upon  him.  He  was  re- 
moved to  the  Hotel  Dieu,  where  the  good  sisters  and  the  medical  staff 
gave  him  every  attention,  and  here  he  remained  for  several  months.  The 
consensus  of  opinion  among  the  doctors  who  had  charge  of  his  case  at 
that  time  and  subsequently,  was  that  the  paralysis  was  a  direct  although 
not  immediate  result  of  the  electric  shock  which  he  had  experienced  at 
Pittsburgh. 

The  Company  sent  one  of  its  engineers  to  take  up  Mr.  Young's  work 
in  New  Orleans,  and  instructed  him  to  sec  that  the  best  medical  skill 
and  attention  should  be  brought  to  bear  upon  the  case. 

Gradual  but  very  slow  improvement  came  after  a  time,  and  the  Com- 
pany sent  Mr.  Calvert  Townley,  who  is  still  prominently  identified  with 
Westinghouse  interests,  to  New  Orleans  to  bring  Mr.  Young  to  his 
home  in  Princeton.  This  was  accomplished  successfully.  The  train 
stopped  for  fifteen  minutes  at  the  Pennsylvania  passenger  station  in 
Pittsburgh,  and  here  a  number  of  Mr.  Young's  friends  met  him.  Al- 
though the  only  muscles  over  which  he  had  any  control  were  those  of 
his  neck  and  the  fingers  of  his  left  hand,  he  was  to  all  appearances  the 
most  cheerful  man  of  the  party  assembled  in  the  drawing  room.  He  was 
delighted  to  see  his  friends  and  assured  them  that,  although   "laid  out 
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temporarily,"  he  was  "still  in  the  ring." 

Arriving  at  his  father's  home  in  Princeton,  he  was  put  to  bed  in  a 
comfortable  room  on  the  second  floor,  where  he  remained  for  three 
years;  being  lifted  occasionally  from  the  bed  to  a  reclining  chair  during 
the  latter  part  of  this  period.  During  this  time  some  of  the  ablest  med- 
ical experts  of  the  country  gave  him  their  best  attention,  and  gradually 
he  regained  partial  control  of  his  muscles.  The  left  arm  particularly 
improved,  and  it  continued  to  improve  after  this  period,  until  ultimately 
he  was  able  not  only  to  use  it  in  writing,  but  also  to  some  extent  in 
playing  on  the  pianoforte.  By  reading  the  technical  journals  he  kept 
in  touch  with  electrical  development  and  also  devoted  much  time  to 
music,  in  which  art  he  was  so  skilled  that  to  read  a  score,  even  while 
unable  to  touch  an  instrument,  gave  him  much  the  same  sort  of  pleasure 
that  others  derived  from  reading  an  interesting  book. 

Meantime  things  were  happening  in  the  old  Westinghouse  Electric 
Company.  The  years  1889  and  '90  were  years  of  great  financial  diffi- 
culty for  that  corporation.  There  were  changes  of  management;  vice- 
president  Byllesby,  who  had  done  everything  in  his  power  for  Mr. 
Young,  resigned,  and  soon  after  some  official  stopped  the  payment  of  his 
salary,  which  up  to  that  time  had  been  regularly  forwarded  to  him.  The 
loss  of  his  salary  was  a  severe  blow  to  Mr.  Young,  as  his  father  was  de- 
pendent practically  upon  his  modest  salary  as  a  professor,  and  expenses 
for  experts  and  nurses  were  high.  Not  a  word  of  complaint  escaped 
him,  however,  either  to  his  Pittsburgh  friends  or  to  his  own  family,  for 
his  mother  told  me  several  years  later  that  never  up  to  that  time  had 
she  heard  Charlie  go  so  far  in  that  direction  as  to  even  remark  that  he 
was  in  bad  luck. 

Following  the  appointment  of  the  late  Lemuel  Bannister  as  first 
vice-president  of  the  Company,  the  facts  regarding  Charlie  and  his  sal- 
ary were  brought  to  Mr.  Bannister's  attention,  and  after  some  delay  the 
arrears  of  his  salary,  amounting  then  to  $1600,  were  paid  up  and  the 
regular  monthly  payment  of  his  salary  was  resumed. 

About  three  years  after  the  journey  from  New  Orleans  to  Prince- 
ton, Charlie's  physical  condition  was  such  that  he  felt  himself  able  to 
do  office  work.  His  mental  ability  apparently  had  never  been  affected 
in  the  slightest  degree,  either  by  the  original  shock  or  by  his  subsequent 
physical  incapacity,  and  his  many  friends  soon  had  the  pleasure  of  wel- 
coming him  again  in  their  midst  in  the  offices  of  the  old  works  on  Gar- 
rison Alley.  By  this  time  the  Amber  Club  had  moved  from  Highland 
Avenue  to  a  large  house  with  ample  grounds,  located  at  the  corner  of 
Penn  and  Murtland  Avenues,  Homewood,  and  here  for  several  years 
Mr.  Young  lived,  attending  actively  to  his  work  for  the  Company  and 
surrounded  by  a  group  of  congenial  friends,  among  whom  were  Mr. 
Frank  Stuart  Smith,  Mr.  Charles  F.  Scott,  Mr.  A.  Saunders  Morris,  Mr. 
Alexander  Wurtz,  Mr.  Arthur  Hartwell,  Mr.  H.  L.  Barton,  Mr.  Philip  P. 
Barton,  Mr.  Calvert  Townley,  Mr.  Ralph  D.  Mershon,  Mr.  D.  J.  Murray, 
Mr.   Frank   Guthrie,  Mr.  Arthur  Davis,  the  writer,  and  others. 
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luently  the  management  oi  the  Westinghouse  Company  trans- 
Mr.  Young  to  New  York,  where  he  worked  in  the  exporl  depart- 
:.  and  still  later  he  became  engineer  al  the  Philadelphia  office  of  the 
ny.     In   New   York  ami   Philadelphia,  as  al    Princeton  and   Pitts 
burgh,  his  remarkable  and  winning  personality  made  many  new  friends, 
while  the  old  ones  from   Pittsburgh  never  failed,  when  opportunity  ol 
,:i  Philadelphia  and  look  up  Charlie  Young.    This  was  nol 
done   b  sorry   for  him,  but   because   his   company   gave 

ptional  pleasure. 
While  in  Pittsburgh,  New  York  and  Philadelphia  his  mental  activ- 
ity and  application  were  incessant,  and  he  not  only  kept  abreast  of  the 
art  but,  particularly  in  Philadelphia,  found  time  to  do  much  good  origi- 
nal work  in   connection   with  various  problems  which  were  brought  to 
his  attention.     He  was  particularly  happy  in  solving  engineering  conun- 
drums  which   were   brought   to   him    l>y   commercial    representatives   of 
his    company,    and    ultimately    established    in    the    Philadelphia    office    a 
>r  less  definitely  organized   system  under  which   the  commercial 
ntatives  of  the  Company  were  brought  frequently  and  closely  in 
•act  with  some  of  its  technical  experts,  to  the  decided  advantage  of 
j.     His  w<uk  in  this  line  was  so  succcs-dul  that  it  attracted  attention 
at  the  headquarters  of  the  Company,  and  a  few  years  ago  Mr.   Young 
was   transferred   t>.    Pittsburgh   where   In    was  placed   in   charge   of   the 
mmercial   training   department  in   the   sales  organization.     Under   liis 
direction   the   repr<  -<  ntatives   of   the    Company    in   the    field    have    been 
ught  to  Pittsburgh  systematically  in  groups  and  their  problems,  tech- 
nical   and    commercial,    have    there    been    discussed    with    the    designing 
of  the  Company  and  with  some  of  its  ablest  commercial  rcpre- 
atives. 

In    October   of   last   year   the   writer   spent    several   hours   with    Mr. 

ung  at  Atlantic  City,  during  the  convention  of  the  American  Electric 

ciation,  and  was  greatly  in:  -!   in   his   enthusiastic   ex- 

iition    of  the   advantages   resulting  from   co-operation   of  the   men    in 

the  factory  and  the  men  in  the  field,  which  he  was  endeavoring  to  pro- 

te.      It  ident   that   his   work   was   most   congenial    and,    to   one 

wl.  him  will,  no  ation  of  the  value  of  his  work  and  of 

his  influence  over  tii'  g  men  thus  brought  together  under  his  super- 

ion,  could  he  necessary. 

I   hav>  Mr.   Young's   love  of  music  and  his   skill   in   that 

art.     At  the  old  Amber  Club  in  Pittsburgh,  prior  to  the  accident  in  l888, 

his   musical   ability  V  ource   of   frequent   and   intense   enjoyment   to 

;  no  with   rare  ability  and,  with   or  without 

th<-  uld  and  did  j."-i  re<  anything  that  any 

Id  think  of.  from  Beethoven,  Brahms,  Grieg  or  Wagner 

to  dlivan.     II  \  and  with  considerable  suc- 

i  remember  that  among  the  favorites  which  were  frequently  call'  d 

friends,  was  one  that  he  called  "A  Swedish  Cradle  Song."     lb 

played  this  for  u  .nee  a  week  f.  ral  months  before  we  i 

•  d  that  he  v  jer.     In  later  years,  while  he  was  stationed 

in  ork  and  Philadelphia,  he  spent  much  of  his  leisure  time  com- 
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posing  the  "Princeton  Symphony,"  which  subsequently  was  perform..! 
by  the  Damrosch  Orchestra  at  Alexander  Hall,  Princeton,  and  was  en- 
thusiastically received  by  a  large  audience. 

Since  receiving  yonr  request  to  send  you  a  sketch  of  Charlie 
Young's  life  as  I  have  known  it,  several  of  his  friends  have  discussed 
with  me  his  personal  characteristics.  Not  one  of  these  friends  have  I 
found  who  ever  heard  Charlie  utter  a  word  of  complaint.  I  have  been 
close  to  him  under  circumstances  when  any  other  man  of  my  acquaint- 
ance, I  believe,  would  at  least  have  admitted  that  he  was  in  had  luck, 
but  not  so  Charlie.  His  splendid  courage,  absolute  unselfishness,  and 
radiant  cheerfulness  and  good-will  toward  all  about  him,  made  friends 
wherever  he  went.  The  conductors  and  brakemen  who  helped  him  on 
and  off  tram-cars  and  trains  in  Pittsburgh  and  Philadelphia  and  New 
York;  the  huge  policeman  who  used  to  guard  the  crossing  in  front  of 
the  Equitable  Building  in  Broadway,  and  stopped  the  traffic  until  he  got 
Charlie  safely  aboard  his  car;  the  cab  drivers  and  elevator  boys,  were  all 
his  friends. 

A  year  or  two  after  he  was  brought  north  from  New  Orleans,  I 
called  at  the  Hotel  Dieu  to  convey  to  the  good  sisters  who  had  nursed 
him  there,  a  message  which  he  had  asked  me  to  deliver  and  to 
thank  them  for  his  friends  in  the  North  for  their  care  of  him 
while  an  inmate  of  their  hospital.  They  spoke  of  him  in  terms 
of  high  regard,  and  told  me,  among  other  things,  that  while  in 
the  hospital  he  had,  with  the  help  of  Mr.  Morris  as  amanuensis,  trans- 
posed certain  hymns  for  them,  and  they  asked  me  to  tell  him  that  the 
hymns  thus  transposed  "were  now  adapted  to  their  voices  and  were 
very  beautiful."  I  also  learned  that  when  the  Fourth  of  July  came, 
while  Charlie  was  helpless  at  the  Hotel  Dieu,  he  had  determined  to  cele- 
brate the  day.  and  had  induced  one  of  the  attendants  to  purchase  some 
firecrackers,  which  were  exploded  outside  of  his  window,  and  had  em- 
ployed an  organ  grinder  to  supply  music  for  the  occasion.  Wherever 
one  crossed  Charlie's  trail  something  of  this  sort  was  sure  to  appear, 
deeds  of  kindness  and  evidence  of  wonderful  courage  and  cheerfulness, 
even  under  the  most  adverse  circumstances,  marked  the  course  of  his 
career  and  have  made  his  life  an  object  lesson  to  all  who  were  so  for- 
tunate as  to  know  him.  Few  men  of  his  generation  began  their  careers 
in  the  field  of  electrical  development  better  prepared,  by  natural  ability 
or  by  education,  to  attain  high  distinction  in  the  electrical  engineering 
profession.  The  calamity  which  came  upon  him  would  have  left  many 
another  man  simply  a  burden  to  his  friends.  That  Charlie  Young  not 
only  did  not  become  a  burden  to  others  but,  notwithstanding  the  phy- 
sical handicap  imposed  upon  him,  during  twenty  years  of  his  life  follow- 
ing his  return  from  Princeton  to  Pittsburgh,  succeeded  in  not  only  hold- 
ing his  own  as  an  engineer  but  also  in  the  performance  of  constructive 
and  educational  work  of  a  very  high  order  and  of  far  reaching  influence, 
is  a  fact  which  should  strengthen  and  stimulate  every  member  of  the 
engineering  profession. 

Very  truly  yours, 

(Signed)  L.  B.  Stillwell 


ELECTRIC  POWER  FOR  IRRIGATION  IN  COLORADO 

W.  H.  BILLOCK 

THE  application  of  motor  drive  to  pumping  for  irrigation  pur- 
pose? has  not  been  a  serious  problem  for  the  engineer.  Ac- 
curate information  applying  to  a  motor  driven  pump,  in- 
cluding a  prearranged  friction  head  through  the  piping  outlet  can 
be  obtained  and  used  without  hesitancy.  Troubles  which  will  affect 
this  application  and  which  determine  the  success  or  failure  of  an 
installation,  present  themselves,  however,  in  the  problem  of  obtain- 
ing water  to  pump,  and  the  distribution  of  the  water  after  delivery. 
Consequently,  it  is  not  the  purpose  of  this  article  to  deal  other  than 
with  the  commercial  squirrel  cage  induction  motor  either  belted  or 
direct-connected  to  a  centrifugal  pump.  As  the  majority  of  in- 
stallations in  Colorado  cover  a  head  of  from  5  to  100  feet,  the 
centrifugal  pump  is  in  its  proper  sphere. 

Irrigation  pumping  has  been  very  successful,  but  it  is  not  a 
simple  matter  to  tell  where  the  line  can  be  drawn  to  determine 
whether  it  will  be  cheaper  than  distribution  by  gravity,  until  the 
details  are  given.  All  Colorado  land  should  be  irrigated  for  culti- 
vation, as  the  average  precipitation  in  Colorado  east  of  the  Rockies 
is  14  inches,  a  little  greater  near  the  eastern  border  and  less  near  the 
mountains,  and  this  14  inches  is  not  enough  for  crops  raised  during 
seasons.  To  support  this  statement,  it  is  only  necessary  to  state 
that  cultivated  land  under  ditch  or  having  water  available  by  pump- 
ing is  worth  from  $100  to  $300  per  acre.  This  does  not  include 
fruit  lands,  which  may  be  still  more  valuable.  Arid  or  dry  land 
used  for  dry  farming  is  worth  $10  to  $40  an  acre  and  alkali  land 
almost  worthless.  The  differences  between  tnese  figures  deter- 
mine whether  or  not  a  farmer  wants  more  water  on  his  land. 

Colorado  crops  comprise  chiefly  alfalfa,  sugar  beets,  potatoes 
and  grain.  There  is  a  great  diversity  of  opinion  among  farmers  as 
to  what  amount  of  water  is  needed  for  these  crops.  General  claims 
are :  For  alfalfa,  three-quarters  of  an  acre-foot  to  two  acre- feet 
per  season;  beets,  one  to  one  and  one-half  acre-feet;  potatoes,  one 
to  one  and  three-quarters  acre-feet,  and  grain,  three-quarters  to  one 
acre-foot.  The  estimate  of  one  farmer  does  not  always  check 
with  that  of  his  neighbor,  as  they  do  not  always  know  what  amount 
of  water  they  put  on  their  land  and,  where  plenty  of  water  is  avail- 
able, the  tendency  is  to  put  on  too  much.     Also  good  judgment  is 
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not  always  used ;  irrigating  is  done  during  the  day  under  a  bright 
sun  or  with  high  winds,  in  short  when  the  evaporation  is  a  maxi- 
mum, which  results  in  a  waste  of  water  that  should  be  available 
for  more  irrigation,  or  else  is  a  direct  loss  paid  for  out  of  the 
farmer's  own  pocket  in  case  of  a  private  power  pumping  system. 

Luckily  the  kilowatt  power  input  and  the  amount  of  water 
delivered  from  a  motor-driven  pump  are  both  easily  measured,  so 
that  power  companies  are  rapidly  contributing  data  which  will  at 
least  give  accurate  information  on  the  water  used  and  the  cost 
thereof,  whether  applied  to  waste  or   usefulness  and  we  are  one 
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TEN    HORSE-POWER     FIVE-INCH    PORTABLE   PUMPING    PLANT 

This  outfit  pumps  from  five  sources  of  supply. 

step  nearer  the  solution  of  a  problem  containing  many  diverse 
factors. 

Although  the  government  has  spent  a  great  deal  of  money  in 
getting  together  data  and  though  articles  are  published  from  time 
to  time,  there  is  but  little  useable  literature  available  on  the  subject. 
The  examples  which  follow  are  chosen  as  typical  of  the  various 
classes  of  irrigation,  but  it  will  be  found  that  each  individual  case 
has  conditions  surrounding  it  which  must  be  watched  and  taken  into 
account. 

Four  classes  of  irrigation  prevail,  which  include :  First,  the 
gravity  system  of  run  off;  second,  pumping  from  the  run  oft;  third, 
pumping  from  the  underflow,  and  fourth,  pumping  from  seepage 
or   drainage. 
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The  first,  of  course,  covers  the  ditches  and  reservoirs  which 
the  settlers  of  the  country   put  in  when  there  was  plenty  of  water 

tilable  and  where  the  only  land  being  taken  up  was  near  some 
supply  of  water  coming  in  the  natural  streams.     This  water  is  di- 

rted  to  a  storage  reservoir  and  taken  from  there  and  from  the 
streams  during  the  irrigation  season  and  put  on  the  land.  This 
available  run  off,  however,  did  not  reach  all  the  land,  there  usually 
being  some  high  land  having  the  same  quality  of  soil  as  the  adjoin- 
ing low  land,  but  no  water.  Here  the  pump  came  into  play  and 
the  second  case  resulted.  With  the  growth  of  the  population,  the 
run  off  was  soon  exhausted  and  it  became  necessary  to  go  below 


ARIZ  N'T    FOR    PUMPING    FOB    DOMESTIC    SERVICE    AM)    FOR    IRRIGATING    A 

TEN-ACRE     GARDEN     TPA<  I      FROM      A     WELL,     USING     A     TIN'     HORSE   POWER 
TOR 

the  surface  and  pump  from  wells, — the  third  case.  The  fourth  and 
last  case  is  determined  by  a  question  of  economy.  If  there  is  an 
old  slough  on  the  land  where  the  water  comes  to  the  surface  and 
remains  for  the  year  around,  the  water  can  possibly  be  pumped 
back  to  the  high  lands  cheaper  than  from  a  well  or  ditch  with 
expensive  water  rights.  Along  this  same  line  there  may  be  some 
alkali  land  that  can  be  drained,  the  land  washed  and  thereby  re- 
claimed. 

VITY    SYS'J'J'.M 

Of  the  14-inch  precipitation  mentioned  before  on  tin    1  a  tern 
slope  probably  about  five  percent  results  in   run-off 

or  surface  overflow,  about  60  percent  in  evaporation  and  about  35 
percent  in   seepage  and  underflow.     The  easier  part  of  this  five 
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percenl  is  what  the  settlers,  who  took  the  initiative  in  irrigation, 
obtained.  The  harder  part  is  what  the  larger  irrigation  companies 
have  taken  up  or  are  now  working  on.  The  investment  cost  per 
acre  which  these  projects  serve  is  any  where  from  $15  to  $150  and 
corresponds  in  a  way  to  the  investment  in  a  pumping  plant.  The 
crops  which  the  land  will  produce  combined  with  this  cost  per  acre 
for  water,  determine  the  value  of  the  "Water  Right."  In  Northern 
Colorado  these  water  rights,  sometimes  known  as  ditch  stock,  av- 
erage about  $60  per  acre.  The  maintenance  and  operating  charges 
on  a  gravity  system  will  run  from  35  to  80  cents  per  acre. 

As   a   concrete   example   of   the   gravity   system,    there   arc   in 


f^q- 


PUMPING    PLANT,    IRRIGATING    l6o   ACRES    FROM    A    WELL 

southern  Colorado  some  80000  acres  of  land  which  it  is  intended 
to  irrigate  by  storage  of  some  100  000  acre-feet  of  water  in  a 
reservoir  At  present  about  5000  acres  are  being  irrigated,  the  in- 
vestment to  date  being  about  $25  per  acre.  .Maintenance,  etc.,  is 
from  50  to  60  cente  per  acre.  Twenty  percent  of  the  land  used 
less  than  one  acre-foot  last  season,  60  per  cent  about  one  and  one- 
half  acre-feet,  and  the  balance  one  and  one-half  to  two  and  one-half 
acre-feet.  The  irrigation  season  is  about  four  months  in  length 
taken  between  May  and  September. 

PUMPING    FROM    THE    RUN    OFF 

An  illustration  of  the  second  case  is  a  farmer  who  owned  80 
acres  of  land,  40  of  which  were  under  ditch.  His  time  was  at  first 
entirely  occupied  with  the  40  supplied  with  water,  but  he  later  de- 
termined to  put  the  rest  under  cultivation.  After  a  careful  survey 
of  the  land,  he  found  a  point  where  he  could  reach  the  highest  ele- 
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\aticn  with  the  shortest  length  of  pipe  line  and  friction  lift  and  in- 
Ued  a  pumping  plant.     Tins  consisted  of  two  7.5  kw,  2200-220 
b  cycle  transformers  and  one   15  horse-power,  three  phase, 
h   [120  r.  p.  m.  induction  motor,  direct  connected  to  a  cen- 
trifugal pump  of  900  gallons  per  minute  capacity.     A  pipe  line  was 
run  200   feet   to  a  distribution   point   where  an   outlet   was  made, 
and  from  this  point  the  pipe  line  was  continued  235  feel  to  a  second 
Twenty  acre-   were  covered   under  a  37   foot  lift,    18  acres 
under  an  additional  20  foot  lift   and  the  balance  left,  as  it  would 
have  required  about   [3  feet  additional  lift. 

As   the   do],-   would   probably   be   rotated,   the   capacity   of   the 
•1   was  estimated  to  cover  any  crop.     Last   season  wheat 
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lanted  on  this  land  and  pumping  started  about  June  1st.  Dur- 
ing the  month-  of  June,  July  and  August,  the  consumption  of  cur- 
rent v  2  J53  kw-hrs.,  which  cost  about  $95,  or  aboul  $2.50  per 
acre  on  38  acre-,  using  about  1.1  acre-feel  of  water  for  'lie  season. 
The  D  ar  there  was  more  rainfall  and  hi-  cost  per  acre  w 

about  78  cents,  which  illustrates  the  difficulty  of  applying  detail 
The  cost  of  the  complete  installation   was  about   $1200. 
Lifting  in  the  pumping  plant,  the  land  was  valued  at  $21, 
afterward  at  re. 

THE    UNDERFLOW 

With  the  large  ari  i  land  available,  Colorado  farmers  rank- 

high  in  land-holding  acreage  per  capita  and  the  following  example 
the  third  case  shows   how   one   man   started   on   a  small   scale. 
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He  owned  160  acres  of  arid  land,  the  nearest  water  being  a  ditch 

about  five  miles  away.  With  no  funds  available,  the  cost  of  bring 
ing  this  water  was  prohibitive,  so,  after  trying  a  number  of  test 
holes,  a  well  was  located  where  he  was  able  to  obtain  about  460 
gallons  of  water  per  minute.  This  well  was  twelve  feet  in  diameter. 
lie  struck  gravel  at  ^ix  feet,  water  at  15  feet  and  reached  a  perma- 
nent depth  at  25  feet.  The  pumping  plant  included  two  2.5  kw, 
2200-220  volt,  60  cycle  transformers,  and  one  five  horse-power, 
three-phase,  220  volt,  1700  r.  p.  m.  induction  motor  belted  to  a 
centrifugal  pump  of  about  460  gallons  per  minute  capacity.  Labor 
was  figured  very  cheap  as  he  did  practically  all  the  work  himself, 
so  that  the  total  cost  of  installation  was  not  over  $500,  including 
the  well  at  about  $75  and  house  at  $5.  He  required  no  pipe  line 
as  water  was  delivered  directly  to  40  acres  of  beets  from  the  well. 
The  current  during  the  last  season  cost  about  $1.85  per  acre-foot, 
which  covered  a  three  months'  irrigation  period. 

PUMPING  Till-.  DRAINAGE  AND  SEEPAGE 
A  good  campaign  of  education  on  irrigation  problems  is  being 
carried  on  in  Colorado.  All  power  companies  arc  endeavoring  to 
extend  their  lines  to  the  suburban  districts  and  representatives  are 
calling  regularly  on  the  farmers,  talking  electricity  for  both  power 
and  lighting.  But  against  this,  the  farmer  moves  slowdy  and  de- 
liberately. An  example  of  this  fourth  case  shows  the  proverbial  ex- 
ception to  the  rule. 

Eighty  acres  of  potatoes  were  under  ditch  when  about  mid- 
summer in  a  very  dry  season,  the  farmer  realized  that  there  was 
going  to  be  a  shortage  of  water  and  that  possibly  his  valuable  ditch 
rights  would  fail  him  for  the  first  time  in  ten  years.  These  ditch 
rights  two  in  number,  were  valued  at  $30000,  allowing  him  70 
inches  (748  gallons  per  minute)  of  water  at  certain  periods  of  the 
year  designated  by  the  ditch  company.  Foreseeing  the  shortage  and 
knowing  of  a  slough  on  his  neighbor's  farm,  he  purchased  the  right 
to  pump  from  this  and  install  a  tile  drain  about  300  feet  in  length 
draining  into  a  sump  on  his  own  place.  Here  he  put  in  a  ten  horse- 
power motor  direct-connected  to  a  centrifugal  pump  of  800  gallons 
per  minute  capacity  and  ran  an  eight-inch  riveted  steel  pipe  from 
pump  to  lateral,  500  feet  away. 

The  cost  of  installation  was  about  as  follows:  Drain  $185,  pump 
and  motor  $250,  transformers  Si 50,  building  $25,  making  a  total  of 
about  $8  per  acre.     The  potato  crop  was  saved  and  needless  to 
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say,  the  pump  is  in  to  stay.  During  the  season  the  power  consump- 
tion was   2393  kw-hrs.,  costing  $1.27  per  acre-foot.     The  potato 
was  worth  $300  an  acre. 

Another  example  may  be  given  of  a  man  in  Colorado  passing 

from  ditch  right  to  seepage.     During  one  season,  due  to  shortage 

ditch  water  it  became  necessary  to  install  a  pump  in  an  endeavor 

save  47  acres  of  potatoes,  45  acres  of  oats  and  65  acres  of  wheat. 

Misfortune  seemed  to  prevail,  as  the  water  came  on  the  oats  too 

late  and  the  wheat  was  destroyed   by  hail  but  the  potatoes  were 

1  two  weeks  before  they  were  ready  to  dig  for  $1800. 

A  15  horse-power  gasoline  engine  was  installed  and  belted  to  a 
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centrifugal  pump  delivering  iooo  gallons  per  minute.  On  a  24- 
hour  test  run,  the  engine  consumed  50  gallons  of  gasoline,  one-half 
gallon  of  lubricating  oil  and  the  expense  of  one  attendant.  Gaso- 
line co^t  18  cents  per  gallon,  lubricating  oil  about  90  cents  per  gal- 
lon and  all  had  to  be  hauled  about  seven  miles,  taking  about  150 
gallons  of  gasoline  at  a  load.  The  ditch  rights  became  involved  in 
litigation  and  later  a  25  horse-power,  2200  volt  motor  was  installed, 
the  head  increased  and  tests  made  on  it  which  compared  with  gas- 
oline as  folio. 
Gasoline    engine     ..   900  gals,  per  min.,    23   ft.   head,  cost   $12.50  per  day 

Motor     1800  gals,  per  min.,    38   ft.   head,   cost  $17.00  per  day 

Reduced  to  common  terms,  the  cost  per  year  to  pump  a  gallon-foot 
per  minute  was  at  the  rate  of;  with  gasoline  22  cents;  with  motor  drive 
9.06  cents. 
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The  total  cost  of  motor  installation  was  $671.  In  1910  the 
powe^  consumption  was  9250  kw-hrs.,  which  figured  about  $2.64 
per  acre  foot.  In  191 1,  the  consumption  was  only  2770  kw-hrs., 
costing  about  $83. 

All  of  tlu  cases  given  cover  irrigation  under  low  heads.  North- 
ern Colorado  is  served  exclusively  by  the  Northern  Colorado  Power 
Company,  wh<  ise  rate  of  service,  applying  to  about  3000  horse- 
power  installed  in  small  units,  averages  three  cents  per  kw-hr. 
Heads  vary  from  five  to  63  feet  and  an  average  of  80  acres  is  sup- 
plied from  each  well,  where  wells  are  used.  The  average  cost  of 
installation  of  a  motor-driven  pump  is  $7.50  per  acre  and  the  av- 
erage cost  of  operation  is  $2.00  per  acre-foot. 

On  the  western  slope  where  fruit  lands  prevail,  higher  heads 
can  he  pumped  against,  in  one  case  there  being  an  installation  using 
two  lifts,  one  of  130  feet,  and  again  of  125  feet.  The  initial  cost  is 
figured  at  a  little  over  $150  per  acre  and  operation  and  maintenance 
at  $1.60  per  acre.  Very  few  projects  are  attempted  where  the  cost 
exceeds  this  amount,  as  the  crops  produced  will  not  sustain  a  higher 
investment  and  also,  of  two  similar  projects  in  different  localities, 
one  may  be  successful  and  the  other  unsuccessful. 

Aside  from  the  above  installation  on  the  western  slope,  Colorado 
has  not  been  favored  with  a  central  power  plant  for  delivery  of 
energy  to  pumps  only.  Two  very  well  known  installations  are  near 
the  state,  i.  c,  at  Portalles,  New  Mexico,  and  at  Garden  City, 
Kansas. 

At  present  there  is  probably  no  greater  activity  any  where  along 
this  line  than  in  the  State  of  Idaho,  where  the  Crane  Falls  Power 
and  Irrigation  Company  are  involved  in  a  project  to  reclaim  some 
30  000  acres  of  land  requiring  some  7  000  horse-power  in  motor 
driven  pumps.  The  total  head  will  vary  from  50  to  175  feet  and 
the  investment  will  amount  to  some  $1  500  000.  The  United  States 
Reclamation  service  at  Minidoka  also  have  their  own  generating 
plant.  From  central  station  power  in  Idaho  two  recent  installa- 
tions will  prove  interesting  as  to  costs  as  soon  as  available.  They 
are  the  Indian  Cove  Reclamation  Company,  who  require  two  125 
horse-power,  2200  volt  motors  to  pump  3200  gallons  per  minute 
each,  against  a  total  head  of  104  feet  and  two  75  horse-power,  2200 
volt  motors  to  pump  3200  gallons  per  minute  each,  against  58  feet 
head ;  and  the  Payette-Oregon  Slope  Irrigation  Company,  requiring 
diree  175  horse-power,  three  150  horse-power  and  two  30  horse- 
power motors. 
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In  presenting  the  above  data,  no  attempt   has  been  made  to 
advocate  or  defend  the  motor  as  againsl  steam,  fuel  oil  or  gasoline 

pump  drive  A  brief  statement  as  applying  to  irrigation  in 
will  suffice  for  comparison.  Strain  is  used  in  outlying 
areas  not  touched  by  transmission  lines,  but  its  cost  is  high.  Fuel 
oil  is  vci\  often  mentioned,  but  tVw  plants  installed,  due  to  high 
initial  i  ts  Gasoline  is  really  the  motor's  best  competitor,  but  is 
being  fast  laid  aside,  dne  to  the  fad  that  the  farmer  is  not  a  me- 
chanic by  trade  and  he  does  not  wish  to  lun  .me  an  expert  in  this 
line  just  to  keep  a  gasoline  driven  pump  operating.  The  electric 
motor  has  been  given  a  cordial  welcome  due  to  its  cleanliness,  ease 
of  operation,  reliability,  with  no  attention  required  for  long  periods 
and  reasonable  initial  and  operating  costs. 

r  the  benefit  of  those  interested,  a  conversion  table  follows,  cov- 
ering values  of  units  commonly  used  in  practice. 

TABLE   D— HYDRAULIC   INFORMATION. 

One  cu.  ft.  of  distilled  water  (U.  S.  Standard),  barometer  30",  39.83°  Fahr.= 

62.379    pounds.=7.48    gallons. 
One  gallon  (U.  S.  Standard)=231  cubic  inches=0. 13368  cu.  ft.z=8.3389  pounds 

water. 
One   second   foot=448.8   gallons   per   minute,=646317    gallons   per    21    hours,= 
38.4    Colorado   inches,=z5n    California,    Utab    or    Nevada    inches=1.98 
acre  feet  in   24   hours=724.5  acre  feet  in  one  year. 
One    Miner's    inch    (Colo.)=0.025    second    feet=11.2    gallons    per    minute. 

.Miner's    inches    (Colo.)=l    acre    1    inch   deep    in    1    hour    37    minutes. 
One    acre-foot=43560    cubic    feet=325851    gallons. 
One  million   gallons=3.069   acre-feet. 
One  million  gallons  per  day=1.55  second-feet. 
One  foot  head  or  fall  equals  a  pressure  of  0.434  lbs.  per  square  inch. 

pound   pressure   per   square    inch    equals   a   head   of   2.3    feet. 
The  pressure  of  the  atmosphi  ials  1  1.7  pounds  per  square  inch. 

One  pound  of  water  occupies  a  volume  of  27  li  cubic  inches. 

The  spouting  velocity  of  water  in  feet  per  second  equals  eighl   times  the 
squ 

find  the  theoretical  horse-power  necessary  to  elevate  water  to  a  given 
height,  multiply  the  gall"  mln  ite   by   the   total    head    in   feet,  and   divide 

i   :  ■■       -    o  100  pi  rcent  to  allo-n   for  i  he 
imp. 
To  find  th<  ity  in   f(  try  to  carry  a  Risen  quan- 

tity of  water  in  a  pipe  of  given   diameter,  divide  the  quantity   in   cubic   feet 
per  second  by  I  I   the  pipe  in  square  feet,  the  quotient  will  give  the 

tion  in  pipes  of  various  an  be  found  in  the  catalogues 

of  pump  manufacture 


ELECTRICALLY  EQUIPPED  ICE  CREAM  PLANTS 

C.   H.    McCULLOUGH 

THE  recognition  which  is  heing  accorded  to  ice  cream  as  an 
important  food  stuff  has  transferred  it  from  the  category 
of  a  mere  summer  delicacy  to  its  rightful  place  among 
staple  articles  of  food  for  which  there  is  a  substantial  demand 
throughout  the  year.  Large  quantities  are  produced  daily  and  in 
amounts  depending  less  upon  the  season  and  outside  temperature 
than  might  be  supposed.  Well  equipped  factories  have  been  built 
to  supply  this  demand,  and  these  newer  plants  embody  the  advanced 
features  of  economy  and  efficiency  seen  in  the  most  thoroughly 
standardized  manufacturing  operations. 

The  successful  manufacture  of  ice  cream  requires  primarily 
that  all  the  processes  shall  be  sanitary  in  the  extreme.  In  practi- 
cally all  up-to-date  plants,  the  milk  and  cream  is  pasteurized  before 
it  is  used.  The  mixers  and  the  freezers  are  so  designed  that  they 
can  be  cleaned  frequently  and  easily.  The  piping  which  carries 
the  mixture,  before  and  after  freezing,  is  made  of  german  silver, 
or  of  nickel  plated  or  tinned  copper,  to  insure  absolute  purity,  and 
is  frequently  put  up  in  short  lengths  with  readily  detachable  joints, 
so  that  it  can  be  taken  down  daily  and  cleaned.  The  measuring 
and  mixing  of  the  ingredients  is  performed  mechanically,  and  the 
cream  is  conveyed  from  the  mixers  through  nickeled  pipes  to  the 
freezers.  There  is  thus  no  contact  with  the  hands  during  the  entire 
process. 

The  actual  cooling  of  the  materials  is  usually  accomplished 
mechanically,  rather  than  by  the  use  of  ice,  as  the  latter  is  expensive, 
and  makes  clean  and  sanitary  conditions  difficult.  The  cooling  is 
produced  primarily  by  the  expansion  of  liquid  ammonia  at  a  pres- 
sure of  from  135  to  150  pounds  per  square  inch.  As  the  tempera- 
ture in  the  ammonia  coils  is  rather  difficult  to  regulate  and  as  these 
coils  do  not  lend  themselves  readily  to  direct  application  to  the  ap- 
paratus, it  is  customary  to  employ  a  secondary  cooling  system.  The 
usual  arrangement  for  the  hardening  room  is  to  have  the  ammonia 
coils  in  a  room  or  chamber  above,  and  cause  the  air  to  circulate 
around  them  and  then  through  the  room.  As  the  warm  air  rises 
and  comes  into  contact  with  the  coils,  the  air  in  the  whole  room 
soon  reaches  a  temperature  below  zero.  Where  a  more  rapid 
circulation  of  the  air  is  desired,  a  small  blower  is  installed. 
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The  tig  for  tin-  pasteurizer,  freezers,  etc.,  is  usually  done 

by  means  of  circulating  brine.  The  ammonia  coils  are  immersed 
in  strong  brine  in  a  large  tank,  and  the  ammonia  is  allowed  to 
expand  to  a  low  pressure,  reducing  the  brine  to  a  temperature  of 
[O  to  25  degrees  F.  Tins  brine  is  then  pumped  by  means  of  a 
small  centrifugal  pump  to  any  desired  location.  The  advantage 
of  using  the  brine  lies  in  the  fact  that  it  has  great  storage  capacity, 
and  hence  will  stay  cold  for  many  hours  after  the  compressor  has 

been  stopped.  Thus  the  com- 
pressor may  be  operated  only 
in  proportion  to  the  output  of 
the  plant,  a  condition  which 
tends  toward  economy  of 
power.  The  temperature  of 
the  brine  can  also  be  regu- 
lated more  closely  than  can 
the  expanding  ammonia  gas. 
A  typical  example  of  an 
up-to-date  ice  cream  factory 
is  that  of  I.  N.  Hagan's  Sons 
at  Uniontown,  Pa.,  which  is 
equipped  throughout  with 
modern  apparatus.  The  plant 
consists  of  a  three  story  brick 
building  40  by  70  feet,  and 
from  fifteen  to  twenty  men 
are  required  to  operate  the 
plant  at  full  capacity.  The 
interior  walls  and  ceilings 
ight  ice  cream  are  fil"shed  with  white  Keene 
driven    by    squirrel-cage   cement,  with  the  exception  of 

a  gray  border  extending  four 
feet  from  the  floor,  and  the  floors  are  concrete,  so  that  the  rooms 
are  easily  cleaned  and  kept  in  sanitary  condition. 

The  normal  capacity  of  the  plant  is  1000  gallons  of  ice  cream 
per  day,  although  during  the  summer  season  as  much  as  1  500  gal- 
lons per  day  have  been  manufactured.  Individual  electric  motor 
drive  is  used  throughout,  which  gives  the  most  economical  oper- 
ating conditions  for  this  class  of  service  and  also  eliminates  the 
use  of  numerous  shaft-,  bearings  and  belts,  which  would  tend  to 
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introduce  dirt  and  grease  intu  the  cream,  power  1  icing  secured  from 
the  lines  of  the  West  Penn  Electric  Company. 

In  a  plant  of  this  type  a  large  amount  of  refrigeration  is  re- 
quired to  maintain  the  cold  storage  and  hardening  rooms  at  the 
proper  temperature  as  well  as  for  freezing  the  cream.  When  ice 
is  used,  difficulty  is  often  encountered  in  the  rush  season  in  obtain- 
ing a  sufficient  supply  and  at  the  same  time  the  system  is  very  cum- 
bersome and  inflexible  as  compared  with  electric  refrigeration.  In 
the  present  plant  ice  is  used  only  for  packing  the  cans  for  ship- 
ment, the  remainder  of  the  refrigeration  being  supplied  by  a  motor- 


FIG.    2 — FIFTEEN    TON    AMMONIA    COMPRESSOR,    DRIVEN    BY    A    30    HORSE-POWER 

INDUCTION    MOTOR 

driven  compressor.  This  maintains  the  desired  temperature  in  the 
hardening  and  cold  storage  rooms  besides  supplying  brine  to  the 
freezers  and  pasteurizer.  The  compressor,  Fig.  2,  is  of  fifteen 
tons  capacity.  It  is  driven  by  a  30  horse-power,  580  r.p.m.,  wound 
secondary  induction  motor  and  an  idler  pulley  is  used  on  the  com- 
pressor to  give  sufficient  belt  surface  on  the  motor  pulley,  and  also 
to  avoid  cutting  into  the  floor  for  the  belt. 

The  compression  of  the  ammonia  gas  heats  it  to  a  high  tempera- 
ture, and  before  it  can  be  used  for  cooling  purposes  its  temperature 
must  be  reduced.  This  is  accomplished  by  passing  the  gas,  at  a 
pressure  of  150  lbs.,  through  a  system  of  condensing  coils,  consist- 
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ing  of  one  pipe  inside  another,  the  inner  one  containing  water  from 
the  city  mains,  and  the  outer  one  the  gas,  the  outside  of  the  pipe 
being  open  to  the  atmosphere.  Here  the  temperature  is  reduced 
until  the  gas.  at  the  pressure  used,  becomes  a  liquid.  The  same 
water  also  passes  through  the  jackets  on  the  compressor  and  cooling 
coils  of  the  pasteurizer,  and  then  is  stored  in  a  large  tank  on  the 
top  floor,  from  which  the  warm  water  supply  for  washing  cans,  etc. 
and  for  feeding  the  steam  boiler,  is  drawn.  This  boiler  is  heated 
by  gas,  and  supplies  steam  at  80  pounds  pressure  for  use  in  the 
pasteurizer,  for  washing  and  sterilizing  the  cans,  freezers,  pasteur- 


FIG.    3 — TWO    HUNDRED    GALLON'    PER    HOUR    PASTEURIZER    AND    COOLER,    DRIVEN 

BY   A   FIVE  HORSE-POWER   MOTOR 

izer,  etc.,  and  for  heating  the  offices  in  winter. 

As  soon  as  the  cream  and  milk  arrive  it  is  tested  for  butter  fats 
and  other  ingredients  to  be  sure  it  is  of  a  certain  required  quality. 
It  is  then  rendered  free  from  contagion  of  any  kind  in  a  pasteur- 
izer. This  machine,  illustrated  in  Fig.  3,  is  of  200  gallons  per  hour 
capacity,  and  is  driven  by  a  five  horse-power,  1700  r.  p.  m.,  squirrel 
cage  motor,  mounted  on  the  ceiling.  The  milk  is  kept  constantly 
agitated  by  a  set  of  paddles,  while  it  is  heated  by  steam  coils  to  a 
temperature  of  158  degrees  F.  which  is  maintained  for  20  minutes. 
It  is  then  pumped  into  a  trough  at  the  top  of  the  cooling  coils  at 
the  rear  of  the  pasteurizer,  Fig.  3,  and  is  allowed  to  trickle  in  a 
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thin  stream  down  over  these  coils,  into  the  trough  below.  The 
upper  ten  coils  contain  cold  water,  and  the  lower  ten  brine,  thus 
reducing  the  temperature  of  the  cream  to  about  50  degrees  F.  It 
is  then  placed  in  one  of  two  cold  storage  rooms  on  this  floor  until 
required  for  the  manufacture  of  ice  cream.  These  rooms  have  a 
capacity  of  3000  gallons  and  are  used  only  for  the  storage  of  dairy 
products.  They  are  kept  at  a  temperature  slightly  above  freezing 
by  the  brine  which  is  circulated  through  the  cooling  coils,  as  well  as 
through  the  pasteurizer  and  freezers,  by  a  two  inch  Worthington 
volute  pump,  coupled  to  a  five  horse-power,  1700  r.  p.  m.,  squirrel 
cage  mi. tor,  shown  in  Fig.  4. 

The  ingredients  of  the  ice  cream  are  mixed  in  a  large  copper 

tank,  with  slowly  revolv- 
ing agitators  inside.  The 
mixer,  Fig.  5,  has  a  ca- 
pacity of  300  gallons,  and 
is  driven  by  a  two  horse- 
power, J  700  r.p.m.,  in- 
duction motor.  Sugar  is 
stored  in  a  fifteen-barrel 
bin  on  the  floor  above, 
and  is  drawn  into  the 
mixer  through  a  chute. 
The  mixer  is  located  on 
the  second  floor,  just 
above  the  freezers,  and 
the  "batch,"  as  it  is  called, 
is  drawn  into  the  measur- 
ing chambers  on  the 
freezers  by  gravity. 
As  shown  in  Fig.  6  the  measuring  device  consists  of  a  copper 
tank  with  a  glass  gauge  on  the  front,  so  that  just  the  amount  of  the 
mixture  may  be  run  in  which  will  fill  the  freezers  when  the  cream 
is  frozen.  The  cooling  is  done  by  brine  circulating  in  coils  around 
the  freezer  at  a  temperature  of  about  12  degrees  F.  The  freezers 
are  individually  driven  by  two  horse-power  motors,  and  have  a 
capacity  of  ten  gallons  of  ice  cream  which  can  be  'frozen  in  ten  to 
fifteen  minutes,  giving  a  twenty-four  hour  capacity  for  the  three,  of 
1  500  gallons. 

The  cream  is  stirred  rapidly  in  the  freezer  until  it  is  all  crystal- 
lized, securing  the  fine  smooth  consistency  which  is  characteristic 


FIG.    4 — TWO    INCH    VOLUTE    BRINE    PUMP,    DRIVEN 
BY    A     FIVE     HORSE-POWER    INDUCTION     MOTOR 
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machine  made  product.     It  is  then  transferred  in  the  form 
a  soft  slush  int"  standard  two,  three  and  five  gallon  cans  and 
placed  in  the  hardening  rooms  to  harden,  and  for  storage.     There 
of  these  hardening  rooms  on  the  first  floor,  each  6  by  11 
feet  and  6.5  feet  high,  opening  into  a  vestibule  5  by  [8  Eeet.    They 
iled  by  the  indirect  system,  the  air  being  circulated  by  a  30 
inch  fan  driven  h\  a  three  horse  power,  1  700  r.p.m.,  induction  motor. 
'1'he  ammonia  coils,  3  800  feet  in  length,  are  in  a  compartment  above 
the  l""'  111-  and  the  air  passes  Over  these  coils  and  into  the  rooms  at 
one  end  ami  out  al  the  other  end  of  the  ceiling.     This   system  is 
considered  superior  to  cooling  03   brine  coils,  in  that  the  air  can  he 
made  much  colder  than  brine,,  and  can  be  brought  into  more  intimate 
contact  with  the  cans.     Practically  any  temperature  may  be  main- 
tained, although  the  average  temperature  is  from  10  to  15  degrees  F. 

The  walls  an-  insulated 
with  four  inch  ground 
and   six    inch    sheet   cork. 

Each   room   is   equipped 

w  illi   electric   lights,    spe 

cially  design  e  d  ther- 
mometers and  a  push 
button  by  which  a  bell 
can  he  rung  in  the  office 
in  cas(  anyone  becomes 
accidentally  imprisoned. 
The  vestibule  of  the 
-three    hundred    gallon    ice    cream      hardening  room  is  so  de- 

TWO       HORSE-POWER        ^^J        tnat       one       door 

opens  into  the  freezer 
room  and  another  into  the  shipping  room.  As  previously  stated 
ice  is  used  only  for  packing  the  can-  for  shipment,  and  the  ice 
r  10  ton- 1  i-  so  located  that  it  i-  easily  filled  from  the 
f-ut-idc  while  from  the  inside  the  cakes  can  he  drawn  directly  into 
an  ice  crusher.  This  crusher.  Fig.  7.  is  driven  by  a  three  horse- 
power j  700  r.p.m.  induction  motor,  and  will  crush  a  200  pound 
cake  in  about  3<  rids.     The  salt  which  ed  with  the  ice  for 

packing  i-  obtained  from  a  large  storage  bin  on  the  third  floor  by 
means  of  a  chute. 

Bi  'he  above  equipment  there  is  a  three  horse-power,  1120 

r.  p.  in.  induction  motor  belted  to  the  driving  mechanism  of  a   1500 
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I" nnid    freighl   elevator  used  to  cany   supplies  to  the  second  and 
third  floors.     The  wiring  is  all  installed  in  conduit. 

Although  the  electrical  equipment  in  a  plant  of  this  nature 
effects  a  saving  in  operating  expenses,  the  greatesl  advantages  are 
in  the  flexibility,  cleanliness  and  consequent  saving  of  material. 
To  meet  demands  for  increased  production  it  is  simply  a  question 
of  operating  the  refrigerating  machine  a  little  longer  each  day  and 
maintaining  the  brine  and  hardening  rooms  at  a  lower  temperature. 
As  the  weather  hecomes  colder,  and  the  demand  for  cream  slightly 

less,  the  number  of  hi  lurs 
during  which  the  com- 
pressor and  other  motors 
are  operated  is  greatly 
reduced,  with  a  corre- 
sponding saving  in  power 
consumption. 

(  )ne  of  the  most  im- 
portant features  in  con- 
nection with  the  manu- 
facture of  ice  cream  in 
large  quantities  is  the 
cleaning  of  the  storage 
tanks  and  cans,  and  the 
machinery.  Every  part  of 
the  machinery,  piping, 
etc.,  that  comes  into  con- 
tact with  the  various  in- 
gredients is  cleaned  with 
hot  water  and  soap  at 
least    daily    and    is    then 

FIG.    6 — TEN    GALLON"    T<T    CREAM    FRKEZERS,    INDI-    Sterilized    Willi    live    Stcaill. 
;;™'V        PR1VEX        BY        TW°        ™RSE-POWER    The        cans        arc        deaned 

after  each  using  by  means 
of  a  motor  driven  cleaner,  consisting  essentially  of  a  large  brush 
revolving  in  hot  water.  The  cans  are  slipped  over  this  hrush  for 
a  few  seconds  and  are  then  sterilized  with  live  steam. 

There  are  nine  motors  in  the  Hagan  plant,  with  an  aggregate 
capacity  of  $j  horse-power.  The  power  consumption  trom  April  i 
to  Decemher  i,  191 1,  averaged  0.58  kw-hr.  per  gallon  of  ice  cream 
frozen,  and  the  load  factor  on  a  24  hour  basis  over  the  same  period 
of  time  was  11.7  percent. 
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Willi  regard  to  power  consumption,  ice  cream  factories 
are  divided  into  two  classes.  The  first  and  largest  class  in- 
cludes those  plains  which  arc  operated  in  connection  with 
small  confectioners'  establishments,  hospitals,  hotels,  etc.,  in  which 
the  refrigeration  is  furnished  by  ice  and  no  power  refrigeration  is 

necessary.  Where  a  freezer  and 
ice  crusher  alone  are  used,  the 
power  consumption  for  plants  un- 
der >v>  gallons  per  day  will  vary 
from  0.05  to  0.1  kw-hr.  per  gal 
Ion  of  ice  cream,  depending  on  the 
efficiency  of  the  power  applica- 
tion. <  »n  larger  installations,  the 
consumption  will  he  somewhat 
smaller;  one  plant  with  a  capacity 
of  1  000  gallons  per  day  operates 
with  a  current  consumption  of 
0.04  kw-hr.  per  gallon. 

Where     motors     are     depended 
upon  t"   furnish  power  for  artifi- 
cial   refrigeration,    the    consump- 
tion   is.    of    course,    higher.      The 
plant  of  I.  X.  Hagan's  Sons  may 
be  taken  as  typical  of  such  instal- 
ations,   and   the   power   consump- 
;ion  is  representative,  the  current 
in  other  plants  on  which  information  i~  available  varying  from  0.5' 
78   kw-hi-s.   per  gallon   of   ice  cream,   while  the  24  hour  load 
factors  vary  from  10  to  15  per,  ent  and  in  a  few  instances  as  high  as 
-     percent,  depending,  of  cour  e,  on  the  amount  of  business  done. 


FIG.     7— K  f.     CRUSHER,     DRIVEN      BY      A 
THREE     HORSE-POWER     MOTOR 


LIFT  BRIDGES  ON  THE  NEW  HAVEN  RAILROAD 

R.  W.  EATON 

TII1;.  Harlem  River  Branch  of  the  New  York,  New  Haven  and 
Hartford  Railroad  passes  over  two  draw-bridges,  each  of 
which  is  made  up  of  three  leaves;  each  leaf  carries  two  of 
the  six  tracks  of  the  branch  over  which,  at  present,  pass  approxi- 
mately 200  trains  daily.  The  Bronx  River  bridge  is  near  the  West- 
chester  Avenue  station,  and  is  designated  as  bridge  number  3.40; 
the  Hutchinson  River  bridge  is  between  the  Baychester  and  Bartow 
stations,  and  is  numbered  7.73.  Both  are  of  the  Scherzer  rolling 
lift  type,  and  were  completed  in  the  summer  of  190S. 

As  the  channels  spanned  by  these  bridges  are  only  about  100 
feel  wide,  the  rolling  lift  construction  was  adopted,  as  this  type 
requires  no  center  pier,  and  no  obstruction  or  widening  of  the  chan- 
nel. The  three  leaver  of  the  P.ronx  River  bridge  are  shown  in  Fig. 
1  in  the  open  position,  and  a  detail  of  the  ways  upon  which  one 
leaf  rolls  is  shown  in  Fig.  2.  The  number  of  daily  openings  is 
variable,  averaging  as  low  as  four  in  the  case  of  the  Bronx  River 
bridge  during  some  winter  months,  while  it  may  average  12  daily 
in  some  other  months.  The  average  number  of  openings  of  the 
Hutchinson  River  bridge  is  considerably  smaller. 

Each  leaf  of  the  bridge  is  operated  by  motors  mounted  on  the 
moving  leaf,  geared  to  a  pinion  which  projects  from  the  side  and 
meshes  with  a  stationary  rack.  This  rack  may  be  seen  at  the  right 
of  the  bridge  in  Fig.  1,  and  again  in  Figs.  2  and  4.  In  laying  out 
the  electrical  equipment,  a  number  of  requirements  had  to  be  met. 
The  motors,  brakes,  and  other  apparatus  on  the  bridge  itself  must 
be  weatherproof,  and  the  lubrication,  etc.,  must  be  designed  for 
successful  operation  through  an  angle  of  90  degrees,  as  the  bridge 
rotates  through  this  angle.  The  power,  control,  brakes  and  signal 
circuits  must  be  carried  from  the  operating  tower  to  the  bridge 
proper,  no  moving  part  of  which  moves  less  than  about  15  feet; 
interlocks  must  be  arranged  so  that  the  controllers  cannot  be  oper- 
ated until  signals  are  properly  set  against  trains,  and  the  bridge  un- 
locked; signals  (lamps  and  bells)  must  be  installed  so  as  to  keep 
the  operator  advised  of  the  exact  position  of  each  leaf,  and  the 
power  automatically  cut  off  and  brakes  applied  when  any  leaf  ap- 
proaches the  end  of  its  travel. 
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The  power  supply  in  each  case  is  a  350  voll  grounded  direct- 
current  circuit.     On  each  leaf  arc  mounted   two  25  horse-power, 

l 

o  r.  p.  in.  crane  motors,  each  having  a  shunt  connected,  con- 
troller operated  brake  on  the  shaft.  There  i1-  also  on  each  leaf  a 
powerful  emergency  hand  brake,  operated  by  a  switch  in  the  oper- 
ating tower.  The  conductors  to  the  moving  part  of  the  bridge  are 
vied  in  metal  conduit  to  a  point  which  may  be  seen  near  the 
lower  left  hand  side  of  Fig.  2,  where  the)  pass  to  the  upper  side  of 
the  roll-way,  and  (when  the  bridge  is  open,  as  shown)  lie  along  a 


FIG.    I — ROLLING   UFT    BRIDGES    OF   THF.    NEW    YORK,    NEW    HAVEN    &    HARTFORD 

RAILROAD   OVER     I1IK    BRONX    RIVER 

The  control   tower  affords    the  operator  a  clear   view    of   the  river  and 
of  the  railr 

trough  to  the  point  where  they  are  carried  up  into  the  bridge  itself, 
entering  at  the  point  marked  A   in  Tig.  4.     As  the  bridge  SWin 
down,  the  point  where  the  enter  the   leaf  moves  upward, 

and  the  slack  cable  1  ill  of  the  trench.     In  Fig.  4,  the  dotted  line 

B-At  shows  the  position  of  the  cable  when  the  bridge  is  open.    The 
motor-  and  a  portion  of  the  gearings  are  shown  in  Fig.  3. 

The  movements  of  the  bridge  are  controller!  from  a  tower  in 
which  is  installed  a  four-pane]  switchboard,  controllers  and  signal 
apparatus.     Panel  /  controls  the  incoming  power  supply,  and  panels 
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j.  3  and  /  the  separate  leaves  of  the  bridge.    The  signal  lamps  and 

bells  arc  mounted  on  the  rear  wall,  and  some  distance  above  the 
top  of  the  switchboard.  The  three  grindstone  type  controllers 
arc  directly  in  front  of  windows  from  which  the  bridge  itself  may 
be  observed.  On  each  of  panels  2,  3  and  /,  arc  two  double-pole 
switches,  which  allow  the  two  motors  on  each  leaf  to  be  operated 
in  parallel  as  one  unit  from  one  controller.  l'.\  opening  one  switch, 
either  motor  may  be  operated  alone.  Either  motor  can  operate 
it-   leaf  in  ordinary  weather,  though  of  course  taking  longer  than 


FIG.   2 — DETAIL  OF  LIFT   BRIDGE 

Showing  the  ways  upon  which  the  leaves  roll,  and  the  method  of  con- 
veying the  wiring  to  the  moving  element. 

when  two  are  used.  The  first  controller  position  releases  the  motor 
brakes,  but  power  is  not  applied  to  the  motor  itself  until  the  con- 
troller is  advanced  to  the  second  notch. 

Several  feet  above  and  behind  each  motor  panel  a  small  panel 
is  mounted  into  which  arc  set  eight  glass  lenses,  numbered  re- 
spectively from  5  to  12,  with  a  lamp  behind  each  lens.  When  the 
bridge  is  in  the  closed  position,  and  the  incoming  line  switch  is 
closed,  lamps  5  and  7  are  lighted;  lamp  6  lights  as  soon  as  the 
mechanical  bridge  lock  is  released.     In  order  to  open  the  bridge, 
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the  signals  must   first  be  properly  set  against   trains,  and  de  rails 
I;  this  having  been  done,  the  bridge  rail  lock  mechanisms  are 
released  1>\  an  interlock  and  may  then  be  opened;  then  a  mechani- 
cal interlock  is  released,  which  allows  the  controllers  to  be  operated 
and  the  upward  movement  of  the  bridge  started.     Avs  the  bridge 
nd  reaches  the  firsl  intermediate  point,  the  lamp  behind  lens  8 
on  the  indicating  board  is  lighted,  and  the  bell  rings;  as  the  leaf 
rises  still  higher,  it-passes  the  second,  third,  and  fourth  intermediate 
as,  lighting  successively  lamps  o,   to  and    //.     At   the  point 


3 — TWKNTY-F;  :.    CRAN]      I '.  I'l      MOTORS    ON 

I'.l 

where  lamp  //  i-  lighted  a  bell  ring-,  and  it  i-  customary  in  dint  off 

.if  ha-  reached  a  nearly  vertical  position.     It",  how- 

r.   tli;  n,    dint    off   the    power,   and    the    leaf 

till  higher,  lamp  / 2  is  lighted,  and  the  circuit  breaker  on  the 

leaf  is  automatically  opened  by  means  of  a  -hunt  trip-coil.     A  lever 

arried  by  the  moving  part  of  the-  bridge,  which,  when  it  reach' 
the  open  position,  i  ircuit  to  navigating  lights  on  the  riv< 

changing  them  from  red.  their  norma]  color,  to  green. 

The  connection-  to  the  variou  al  lamps  and  bells  are  made 

mean-  tending  upward,  and  sup- 
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ported  on  composition  insulators  at  points  along",  and  just  outside 
of,  the  rack  along  which  the  driving  pinion  moves.  These  contact 
shoes  are  so  arranged  with  springs  below,  thai  they  may  be  pushed 
downward  a  short  distance.  Each  is  connected  to  the  positive 
side  of  the  supply  circuit  through  its  corresponding  signal  lamp-. 
Beyond  the  outer  end  of  the  driving  pinion  is  a  metal  disc,  con- 
nected electrically  and  mechanically  to  the  pinion  and,  of  course,  to 
ground.  As  the  bridge  is  raised  or  lowered,  and  the  pinion  travels 
along  the  rack,  this  disc  passes  over  and  makes  contact  with  the 
contact  shoes,  completing  the  circuit  through  the  various  lamps  and 
bells.  Bach  circuit  so  made  is  opened  again  as  soon  as  travel  has 
progressed  further  to  a  point  where  the  disc  passes  off  each  con- 
tact shoe.     The  length  of  each  shoe  is  about  six  inches. 

Under  normal  condition-,  the  three  leaves  of  bridge  3.40  can  he 


ToT, 


FTC.  4 — OUTLINE   SI  OF   LIFT   BRIDGE 

1'  A.  pi  sition  of  swinging  cable  when  bridge  is  closed, 
B-A„  corresponding  position  when  bridge  is  open. 
T,    '!',.    T2,    approximate    position    of    [1 000    volt    trolley    when 
bridge  is  closed. 

raised  simultaneously  in  about  one  minute,  using  two  motors  per 
leaf,  and  taking  a  total  running  current  of  about  210  to  260  am- 
pere- at  550  volts.  The  current  to  start  the  three  leaves  is  about 
40  to  50  amperes  greater  for  a  shorl  time.  The  power  requirement 
varies  considerably  under  different  conditions  of  the  bridge,  and  of 
sleet,  snow,  wind,  etc.,  but  an  average  for  a  month  when  there 
was  no  snow  or  sleet  shows  that  bridge  3.40  requires  about  2.25 
kilowatt-hours  per  operation.  The  bridge  will  usually  close  itself, 
power  being  applied  only  to  start  it. 

,As  the  Harlem  River  Branch,  upon  which  these  bridges  are 
located,  is  being  completely  electrified,  it  became  necessary  to  work 
out,  for  the  first  time  in  this  country,  the  proposition  of  carrying 
the  1  1  000  volt  contact  wire  of  the  single-phase  system  across  a  lift 
bridge.     As  the  installation  is  not  completed,  only  a  general  idea  of 
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the  method  by  which  the  problem  has  been  solved  l>\  the  railroad 
npany's  engineers  can  be  given  here.     In  Fig.  4  the  dotted  line 
/'.,-/_.  represents  the  approximate  position  of  the  contact  wire; 
at  the  moving  end  of  the  bridge  a  supporting  structure  Is  attached 
it.  which  supports  the  wire  al  approximately  the  poinl   '/'.  and 
a  similar  structure  is  built  on  the  shore,  with  an  anchor  bridge  a 
rt  distance  behind  to  take  up  the  strain  of  messengers  and  con- 
beyond.    At  T  the  contact  wire  from  the  bridge  terminates 
in  an  arm  which  carries  a  contact  making  device  which,  when  the 
bridge  close.-,  makes  electrical   connection   with   an   arm    from  the 
re  end  of  the  trolley  and  conversely,  when  the  bridge  opens,  will 
break  this  connection,  thus  isolating  the  bridge  section,  there  being 
tion  break  beyond  T ..     Between  point-  located  approximately 
at  F,  and  T3  the  contact  wire  hangs  nee.  being  kept  under  tension 
when  the  bridge  is  closed  by  a  clever  ten-ion  spring  device  at   T... 
When  the  bridge  is  fully  open,  the  section  of  contact  wire   /  ,-/\.. 
of  course,  hangs  -lack  and  near  the  ground,  but  this  makes  no  dif- 
ference, as  the  section  is  electrically  disconnected   as   soon   as  the 
bridge   starts   to  open.      Feeder   and   other   wires   are   carried   on    a 
in  over  the  stream,  between  tower-  on  either  side,  the  minimum 
height  of  the  span  above  water-level  being  [35   feet. 

Each  leaf  is  arranged  so  that  it  may.  in  emergency,  be  man- 
ually operated  by  mean-  of  an  endless  chain  over  a  wheel  on  the 
counter-shaft.  It  has,  however,  never  been  necessary  to  use  this 
arrangement  since  the  bridges  were  put  into  regular  service  several 
years  ago. 
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METHOD  OF  MANUFACTURE  OF  MARBLE  PANELS 

FOR  SWITCHBOARDS 

H.  C.  PRATT 

ARBLE  is  used  very  generally   for  switchboard  purposes, 
because   of    its   physical   and   electrical   properties.     The 

important  part  which  electricity  plays  in  the  quarrying 
of  the  raw  material  and  in  the  subsequent  manufacture  oi  the 
switchboard  panels,  in  the  case  of  some  of  the  larger  marble  com- 
panies, is  probably,  however,  not  so  generally  known.  It  is  not  too 
much  to  say  that,  without  the  use  of  electrically  operated  ma- 
chinery, the  present  state  of  development  of  the  marble  industry 
in  Vermont,  for  example,  would  have  been  impossible.  In  the 
case  of  the  Vermont  Marble  Company,  where  the  electrical  de- 
velopment has  been  extensively  carried  out.  power  is  generated  at 
two  points  on  Otter  creek.  At  Proctor,  where  the  river  has  a  fall 
of  120  feet,  three  750  kilowatt  generators  are  installed.  At  Hunt- 
ington Falls,  about  thirty  miles  distant,  there  i<  a  second  plant  con- 
taining two  generators  of  like  capacity.  An  extensive  transmission 
system  connecting  the  two  stations  supplies  power  to  some  half 
dozen  outlying  mills  and  quarries. 

At  West  Rutland,  where  quarrying  methods  have  reached  the 
fullest  development,  the  deposit  extends  north  and  south  for  a  dis- 
tance of  about  one-half  mile  and  has  an  extreme  width  of  150  feet 
at  the  surface.  Here  the  layers  are  nearly  vertical,  but,  at  a  depth 
of  about  175  feet,  they  dip  sharply  to  the  east  and  at  the  bottom 
of  the  quarry  lie  at  an  angle  of  about  30  degrees  to  the  horizontal. 
Beyond  this  dip  the  vein  lias  been  compressed  and  has  a  thickness 
of  50  to  yz,  feet.  Large  rectangular  openings  have  keen  made  at 
the  surface,  and  from  these  tunnels  have  been  driven.  (  me  tunnel 
extends  some  seven  hundred  feet  north  and  south  along  the  vein, 
and  in  another  quarry  the  layers  have  keen  followed  nearly  eleven 
hundred  feet  toward  the  east.  The  soundness  of  the  deposit  makes 
timbering  of  the  tunnels  unnecessary,  hut  occasional  piers  of  mar- 
ble are  left  to  support  the  roof.  The  deposit  comprises  a  large 
number  of  distinct  layers ;  white,  blue,  green  and  pink,  and  vari 
other  colors.  Each  quarry  along  this  vein  produces  about  twenty 
varieties,  to  which  different  trade  names  have  been  given. 

The  use  of  explosives  in  the  quarrying  of  marble  is  not  de- 
sirable. The  blocks  are  cut  from  their  bed  by  the  use  of  chan- 
nelling machines,  each  of  which  consist  essentially  of  an  electric 
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motor  driving  an  air  compressor.     The  latter  operates  a  group  oi 

drills    forming    a    cutting    head.       \    block,    having    been    cut  on 

sides,    can     then     be     broken     fron     it-     bed     by     wedges. 

Large    derricks,   equipped    with    electric    hoists,   lilt     the    blocks 

a     oar     and     an     electric     locomotive     carries     it     out     oi 

the     tunnel     t<>     a     point     where     a     derrick     on     the     surface 

can    reach    it.      The    quarries    arc    lighted    by    arc    lamps    and,  in 

the  tunnels,  operations  may  proceed  throughout   the  year  without 

jard    t"   weather   conditions.      It    will    readily    he   appreciated    that 

electricity  has  made  possible  the  cutting  of  n  arble  in  places  where 


FIG.    I — HY1  I  ERM0NT    MARBLE   COMPANY    AT 

LI  S,   PR0(  TOR.  VERMONT 

It  that  the  on  and  the  walls  shown 

at  the  rig;  I  any  "f  the  buildings    around    the    work-,    and    even 

iblic  sidewalks  an-  made  of  squared  marble  blocks.    The  waste 

!  from  the  marble  the  bridge,  shown  in  tin-  fore 

und  and  de]  he  river.     This  sand  is  broughl  to  tin-  mills  by  a 

tem,  2.5  mil  .  having  a  capacity  of  5.5  tons  per  hour,  and 

■ 

the    -team     machine    would     he     impracticable     or    expensive     in 
operation. 

From  the  quarry,  blocks  are  transported  by  railroad  to  the 
mill?,  or  else  to  the  storage  piles  where  electrically  operated  cranes 
deposit   them   for   future  use.     Before  leaving  the   vicinity  of   the 
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quarry,  the  blocks  arc  washed  off  so  as  to  detect  possible  def< 
and  arc  given  some  distinctive  mark. 

(  >n  arrival  .it  the  mill  the  Muck-  arc  unloaded  by  electric 
traveling  cranes,  being  piled  under  the  craneway  or  taken  directly 
into  the  mill.  In  the  mill  the  blocks  arc  cut  into  slabs  or 
panel-  by  means  of  "gangs"  of  saws  arranged  in  line  on 
cither  side  of  the  track  and  driven  from  a  line  shaft  above, 
the  latter  being  operated  in  sections  by  direct-connected  motor-.  A 
track  extends  through  the  center  of  the  mill  and  run-  under  the 
craneway  outside.      An   electric  locomotive  crane  operates  on  this 


FIG.   2 — MARBLE   QUARRY,   WEST   RUTLAND,  VERMONT. 

The  block-  are  lifted  our  of  the  <;n;<rry  by  tlie  boom  hoists  at  the  right 
and  deposited  on  car-  or  in  the  storage  yard.  The  operator-  use  the  stairs 
shown  on  the  far  side  of  the  opening. 

track,  power  being  furnished  by  an  overhead  trolley.  The  blocks 
are  loaded  on  low  four-wheeled  cars,  which  in  turn  are  placed  on 
the  platform  of  a  second  car  and  hauled  into  the  mill.  On  arriving 
opposite  the  proper  gang  saws,  the  smaller  car  containing  the  block 
is  hauled  from  the  main  car  onto  a  track  extending  under  the  gang. 
The  saw  blades  are  of  plain  steel,  about  one-eighth  inch  thick 
A  constant  stream  of  sand  and  water  flows  onto  the  block  from 
above.  The  action  of  the  gang  is  similar  to  that  of  an  ordinary 
crosscut  saw ;  the  sand  taking  the  place  of  the  teeth.  The  number 
and  spacing  of  the  saw  blades  depends  on  the  use  to  which  the  mar- 
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ble  is  to  be  put;  seven-eighth  inch  slabs  being  the  thinest  commonly 
i  I  \  suitable  iced  moves  the  gang  downward  as  the  sawing 
progresses,  the  advance  depending  on  the  number  of  blades  and 
the  hardness  of  the  marble.  (  »n  ordinary  Vermont  marble,  sawing 
the  blocks  into  two  inch  slabs,  the  progress  is  at  the  rate  of  about 
one  inch  per  hour. 

After  the  slabs  have  been  sawed  they  are  removed  from  the 
gang  and  taken  to  the  finishing  shop.  Mere  they  are  washed  off 
and.  before  being  coped,  i.  e..  trimmed  roughly  to  size,  are  ex- 
amined for  unsoundness.  At  this  point,  small  cracks  not  notice- 
able in  the  rough  block  may  develop,  thus  rendering  the  slab  use- 
Iess,  except    for  pieces  of  smaller  size.      The  slabs   are  coped  by 


FIG.    3— CHANNELING    MACHINES    IN    OPERATION    IN'    MARBLE    QUARRY 

Channeling  operation^  are  carried  on  in  several  levels  at  mic  time. 
hand  or  by  an  air  chisel  to  the  approximate  sizes  required. 

They  are  then  brought  to  their  final  dimensions  by  means  of 
a  rubbing  bed.  which  consists  of  a  circular  iron  plate,  usually  twelve 
to  fourteen  feet  in  diameter  and  live  inches  thick,  mounted  hori- 
zontally on  a  pivot  and  rotated  by  a  vertical  stem  or  shaft  bolted 
to  the  center  of  the  plate.  The  marble  is  laid  on  this  bed,  and  is 
kept  from  rotating  by  beams  supported  just  above  the  surface  of 
the  rotating  bed  at  interval-  around  its  circumference.  A  stream 
-and  and  water,  which  flows  onto  the  bed  near  its  center,  fur- 
nishes the  cutting  material,  and  is  kept  uniformly  distributed  by 
the  centrifugal  action.    The  marble  ordinarily  rests  on  the  rubbing 
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FIG.    4 — QUAKRY    VIEW,    SHOWING    ELECTRIC    DRILL    IN    OPERATION 

The  blocks  are  cut  on  three  sides   from  the  top  by  the  channeling  ma 
chines,  and  are  undercut,  as  shown,  by  the  drills,  working  on  a  lower  level. 


FIG.     5 — INTERIOR    OF    MARBLE    MILL    SHOWING    GANG    SAWS    IN    OPERATION 

This  is  an  all  steel  building,  and  modern  in  every  respect.     The  motors 
and  shafts  are  at  the  rear  of  the  gang  saws. 
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bed  with  its  own  weight  only,  1mt  if  one  end  is  to  be  cut  more  than 
the  other,  a  weight  is  placed  on  this  end,  causing  greater  friction 
ami  faster  cutting. 

The  pieces  arc  rubbed  to  size  by  resting  them  on  their  edges. 
When  pieces  of  the  same  size  are  being  finished,  a  number  of  these 
are  clamped  together  and  handled  by  a  derrick.  The  pieces  are 
measured  frequently  by  steel  gauges  and  removed  when  the  de- 
sired size  has  been  reached.  Beds  arc  operated  singly  or  in  pairs 
by  overhead  motor-;,  10  to  15  horse-power  being  required  for  each 
bed. 

In  the  case  of  switchboard  work,  the  pieces,  still  in  the  clamp, 


FIG.  6 — electricai.lv   operated   traveling   cranes 

As  high  a-    130a  -   of  marble,  weighing   from   two  to   seven   torn 

apiece,  have  bi  '1   in  the  yards   at   one   time. 


are  placed  under  the  head  of  a  polishing  machine,  which  finishes 
the  edges.  This  head  i-  formed  of  carborundum  or  some  other 
abrasive  material  and  revolves  rapidly.  A  constant  >tream  of  water 
hastens  the  process  and  also  reduces  the  heat  due  to  friction.  By 
the  substitution  of  a  head  made  of  felt  and  by  the  me  of  a  polish- 
ing powder,  composed  mainly  of  oxide  of  tin,  the  edges  are  brought 
to  their  final  polish.  The  pieces  are  then  undamped  and  taken  to 
a  machine  which  cuts  the  bevels.  The  bevels  are  polished  by  hand 
and  the  faces  by  a  machine.  After  the  finishing  is  completed,  tbe 
pieces  are  assembled  on  table-  for  matching,  carefully  measured 
and  squared,  and  then  boxed  for  shipment. 


ELECTRIC   HOISTING  IN  SOUTH  AFRICAN 

GOLD  MINES 

A.  W.   BROWN* 

GOLD  MIXING  on  the  Kami  has  now  passed  the  stage  when 
mines,  or  rather  claims,  are  exploited  under  false  pre- 
tences with  no  chance  of  return  to  the  share-holders.  The 
position  and  quality  of  the  gold-hearing  reef  are  much  1  tetter  known 
than  formerly,  and  it  has  been  recognized  that  in  order  to  make 
gold  mining  pay  under  conditions- prevailing  on  the  Rand,  it  is 
necessary  to  deal  with  large  quantities  of  ore.  To  this  end  con- 
solidations have  been  formed  so  that  many  claims  can  he  worked 
as  one  mine.  This  naturally  reduces  the  capital  outlay  and  working 
costs  and  enables  the  use  of  the  most  modern  equipments  for 
winning  the  ore  and  recovering  the  gold. 


■  - 


FIG.    I — EXTERIOR   VIEW,    WEST   RAXD   CONSOLIDATED    MIXES 

One  such  concern  is  the  West  Rand  Consolidated  Gold  Mines, 
Limited,  who  are  at  present  working  one  shaft  (The  East  Shaft), 
and  sinking  a  second  on  an  estate  including  nearly  2  000  claims 
situated  around  Krugersdorp,  about  20  miles  from  Johannesburg. 
The  crushing  capacity  at  the  end  of  1909  was  about  30000  tons 
per  month,  in  1910  about  70000  tons  per  month,  and  with  the  com- 
pletion of  the  new  shaft  this  figure  will  be  greatly  augmented. 

The  West  Shaft  of  this  mine  which  is  at  present  in  course  of 
sinking,  is  a  seven  compartment  shaft  and  is  being  driven  down- 
wards at  an  angle  of  50  degrees  to  the  horizontal  for  an  estimated 
distance  of  3  000  feet.     Sinking  was  commenced  by  means  of  a 


^Electrical   Engineering   Dept.,   British   Westinghouse   Electric  and   Mfg. 
Company,  Ltd. 


254 


THE   ELECTRIC  JOURNAL 


temporary  headgear  and  two  small  steam  sinking  engines,  and  at 
the  same  time  an  order  was  placed   for  two  double  drum  electric 


FIG.   2 — GENERAL  VIEW  OF  ENGINE  ROOM,  WEST  RAND  CONSOI.TDATED  MINES 

winding  engines,  one   suitable   for  a  six  ton  useful  load,   and  the 
other  for  a  three  ton  useful  load.     By  the  time  the  electric  winding 
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FIG.    .•? — HOIST   NO.    I  FIG.    4— HOIST    NO.    2 

Horse-power  'lit:  I  the   H  if  the  West  Rand  Consoli- 

dated Gold  Mining  Co.,  Ltd. 

Hoist    Xo.   1. 

Inclination  of  shaft  to  horizontal 

Length  of  shaft 3  000  ft. 

Hoisting  speed 2  000  ft.  per  min. 

Weight  of  rock  per  wind 12000  II 

Weight  of  skip 7  500  lb 

B  ht  of  rope 8  500  lbs. 

Motor 800  hp.       60  r.p.m.  400  hp,       60  r.p.m. 

generator 650  k\v,    690  r.p.m.  3.50  kw,    725  r.p.m. 


Hoisl    No.  2 
50  degrees 

.3  000  ft. 

2000  ft.  p'-r  min. 

6 000  lbs. 

5  500  lbs. 

6  000  lbs. 
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engines  were  installed  the  permanent  headgear  was  completed,  and 
the  shaft  had  been  sunk  to  a  sufficient  depth  to  permit  of  economical 
hoisting  with  the  electric  hoists.  The  permanent  headgear,  which 
is  built  entirely  of  steel,  together  with  the  winding  engine  house,  is 
shown  in  Fig.  I.  The  engine  room  is  built  of  brick  and  is  very  com- 
modious, whereas  the  usual  engine  room  on  the  Rand  is  of  corru- 
gated iron  construction.  The  interior  of  the  engine  room  is  shown 
in  Fig.  _•  indicating  the  positions  of  the  two  hoists,  and  the  small 
compressor  for  the  brakes.  The  large  space  in  the  foreground  is 
reserved  for  a  third  electric  winding  set  to  be  installed  when  the 
shaft  is  finished,  and  the  mine  partly  developed.     The  mechanical 


FIG.   5 — 6S0  HORSE -POWER,  DIRECT-CURRENT,  COMMUTATING  POLE    HOIST  MOTOR 

equipments  of  both  hoists  are  almost  identical  in  spite  of  the  dif- 
ference in  the  loads.  Horse-power  time  diagrams  for  these  hoists 
are  shown  in  Figs.  3  and  4  respectively. 

Each  hoist  is  equipped  with  two  drums,  10  feet  in  diameter  by 
3  feet  9  inches  wide,  between  flanges,  running  loose  on  the  drum 
shaft  and  driven  by  multi-tooth  clutches  sliding  on  hexagonal  sec- 
tions of  the  shaft.  The  clutches  are  operated  by  hand-wheels  on 
the  driver's  platform.  Post  brakes  are  provided  on  each  drum  of 
the  segmental  type  supported  in  the  center,  and  applied  by  weights. 
Compressed  air  engines  with  "Iversen"  valve  gear  are  used  for 
releasing  the  brakes.  Interlocks  are  provided  so  that  the  brakes 
cannot  be  released  on  a  drum  that  is  not  clutched  to  the  main  shaft. 
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pressed  air  for  operating  the  brakes  is  obtained  from  a  small 

ipressor  driven  through  gearing  by  a   i<>  horse-power,  3-phase, 

cycle,    4500    volt,    squirrel-cage    induction    motor,    fitted    with 

automatic  starting  and  stopping  gear  controlled  by  the  air  pressure 

The  position  of  either  cage  in  the  shaft   is  indicated  by  two 

dial  depth  indicators,  driven  one  from  each  drum  through  gearing. 

Each   indicator  has   two   pointers,   one   moving   slowly   during  the 

entire  travel  of  the  skip  and  the  other  moving  rapidly  during  :he 

final  ]  art  of  the  wind  50  as  to  increase  the  accuracy  of  stopping. 

Automatic  devices  are  provided  winch  bring  the  skips  to  a    slew 

ed  at  the  tips,  and   stop  the  hoist   should   the  skips  pass  that 

level,  irrespective  of  any  action  on  the  part  Of  the  driver. 

The  electrical  equipment  ;-  designed  for  operation  with  direct- 
current    on    the    wind- 
ing  motors,    which   are 
direct-coupled    to    the 
drum     shafts,     and     in 
each    case    operate    at 
1  1 1     r.p.m.      ( )n     hoist 
No.    1    an    Xoo    horse- 
power.    600     volt     IIji- 
t<  >r,     provided     w  i  t  h 
i  mating    poles,    is 
used.      This   motor   to- 
gether    with     some    of 
the  mechanical  parts  is 
shown  in  Fig.  5.    Hoist 
No.  _'  is  provided  with 
a     400     horse  -  power 
motor. 
The    power    for    the 
winding  motors    is    obtained    from   two   motor-generator    sets,    ar- 
rang  that  either  hoist  may  be  driven  by  either  motor-general  or. 

vision  also  being  marie  for  a  third  equipment  in  contemplation. 
A  view  of  the  -witch-box  for  transferring  from  one  to  the  other  is 
given  in  Fig.  6.  Each  motor-generator  set  comprises  a  3-phase,  50 
cycle,  200  volt,  slip  ring  induction  motor,  directly  coupled  to  a 
direct-current  generator,  and  an  exciter.  The  arrangement  of  the 
for  No.  1  hoists  may  be  seen  in  Fig.  7.  The  alternating-current 
er  for  driving  the  motor-generator  set-  is  purchased  from  the 
Victoria  Falls  and  Transvaal  Power  Company,  Limited. 


FIG.    6 — TK  ■  5CHEME  FOR 

HER- 
AT! 


SOUTH  AFRICAN  GOLD  MINE  HOISTS 


,  -  — 

257 


The  speed  and  direction  of  rotation  of  the  winding  engine  are 
controlled  entirely  by  adjusting  the  strength  and  direction  of  the 
field  of  the  generator  in  the  motor-generator  set.     This  is  carried 


FIG.    ~ — 650    K\V    MOTOR-GENERATOR   SET 
Converting   power    from   the   lines   of   the   Victoria   Falls    and    Transvaal 
Power  Co.,  at  50  cycles,   three-phase,  to  direct  current   for  use  in  the  h 
motors. 

"tit  by  means  of  the  special  faceplate  controller,  illustrated  in  Fig.  8. 

By  means  of  this  controller  any  desired  speed  within  the  rating  of 

the    motor   may    he    obtained    in 

cither  direction,  the  -peed  corrs- 
sponding  closely  to  the  position 
if  the  driver's  lever  irrespective 
►f  the  load.  These  controllers  are 
fitted  with  stops  controlled  elec- 
trically from  the  hank  so  that 
one-half  speed  cannot  he  ex- 
ceeded when  men  are  being 
raised.  An  emergency  device  is 
provided  for  each  hoist,  ar- 
ranged and  connected  so  that 
the  hoists  are  quickly  stopped  in 
case  of  overwinding,  failure  of 
power  supply,  failure  of  excit- 
ing   current,    overloads,    failure 

fig.  8 — rheostat  of    air    supply    or    operation    of 

Giving    simultaneous    control    of    the    ,    •  '  1-,,-..     t1iai-p 

fields   on   the   generator   set.    and    the  drivers  emergency  lever.    There 

winding  motor.  is  thus  a  safeguard  against  prac- 

tically any  danger  that  might  arise. 

A   four-panel   switchboard,   illustrated  in   Fig.  9,   is   used   for 
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controlling  the  supply  v\  power  to  the  two  winding  engines,  and  is 
arranged  to  permit  extension  when  required.  It  is  equipped  with 
.•He  alternating-current  and  one  direct-current  panel  for  each  hoist, 
the  former  for  the  motor  and  the  other  for  the  fields  of  the  various 
direct-current   machines. 

Although  this  hoisting  system  may  readily  he  adapted  for  use 
with  a  fly-wheel,  so  that  no  sudden  loads  are  imposed  on  the  power 
lines,  no  attempt  has  been  made  to  equalize  the  load  of  these  wind- 
ing engines,  since  the  stations  of  the  Victoria  Falls  and  Transvaal 


FIG.   9 — FOUR   FANEL   SWITCHBOARD 

Two  panels  are  provided  for  each  winding  set,  one  for  the  con- 
trol of  the  alternating-current  motor,  and  one-  for  the  fields  of  the 
two  direct-current  machines. 

Power  Company  are  large  enough  to  be  unaffected  by  the  heavy 
peaks  of  the  large  winding  engines  in  use  on  the  Rand. 

The  use  of  electricity  for  driving  main  shaft  winding  engines, 
creates  a  new  problem  in  connection  with  shaft  sinking.  Formerly, 
the  practice  was  to  sink  large  shafts  which  were  carried  down  to 
considerable  depths  by  means  of  a  special  headgear,  and  a  pair  of 
small  engines.  With  the  advent  of  the  electric  winding  engine,  how- 
ever, coupled  with  the  practice  of  purchasing  power  from  a  central 
station,  it  is  no  longer  necessary  to  install  a  steam  engine  and 
boiler  plant  temporarily.     The  sinking  of  a  large  shaft  usually  oc- 
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cupies  a  period  of  from  two  to  three  years,  or  even  longer.  It  is 
therefore  scarcely  permissible  to  install  the  winding  engine  imme- 
diately for  the  full  output  of  the  mine,  because  in  addition  to  the 
loss  on  the  capital  involved,  a  serious  loss  is  incurred  on  account 
of  the  low  efficiency  of  large  hoists  when  operating  at  speeds  and 
outputs  much  below  their  rated  capacity. 

One  solution  of  the  problem  which  appears  to  be  eminently 
satisfactory  is  that  furnished  by  the  electric  sinking  equipment 
in  the  central  shaft  of  the  Cinderella  Deep  Consolidated  Gold  Min- 
ing   Company,    Limited,    Boksburg,    Transvaal,    Union    of    South 
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FIG.    10 HEAD    GEAR   AND    ENGINE    HOUSE 

For  hoist  at  Cinderella  Deep  Mine,   Tobury,  South  Africa. 

Africa.  When  finished  the  approximate  dimensions  will  be  43  feet 
6  inches  wide,  7  feet  6  inches  long,  and  3  000  feet  deep  divided 
into  six  hoisting  compartments,  and  one  pipe  and  ladder  way.  The 
first  work  carried  out  at  this  shaft  was  to  sink  for  some  ten  to 
twelve  feet  by  means  of  portable  steam  cranes,  and  then  to  install 
the  collar  set.  As  soon  as  this  was  done  the  final  headgear  was 
completed,  and  at  the  same  time  two  double  drum  electric  sinking 
hoists  were  erected  in  a  temporary  engine  house  located  between 
the  headgear  and  the  projected  site  of  the  main  winding  engines. 
The  headgear  is  illustrated  in  Fig.  10  which  shows  clearly  the 
type  of  construction  and  arrangement  of  the  ore  bins.  Figs.  1 1  and 
12  shows  the  general  appearance  of  the  hoists.  Details  of  the  hoists 
and  their  service  are  as  follows : — 
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1  >rums — Two  p<  r  hoi  wide. 

— Hand  o|  posl   brakes  on  each  drum;    fool   operated 

band  brake  <>u  firsl  motion  shaft 

Double    reduction:      Firsl    motion,    double    helical    power 
plan)    •  md   motion,   machine   moulded   casl 

Dial  withi  iu<  o\  erw  inding  attachment. 

Mine  Shaft — Vertical,  final  depth 

;'  rock. 
Skip— 2  500  pounds. 

inch  diameter,  weight,  4500  pounds. 
I  !<>i-;i        -  feet  per  minu 

h   h<>ist   is  driven   through   an  electric  coupling  h\    a    [80 
horse-power,  3-phase,  50  cycle,  500  volt,  slip-ring  induction  motor 


-  H'.w  :  N(      1  RIVER  S    PL  vihiKM 

ntaining  the 

.    . 

irrying  a  load  of  450  horse-power   for  shorl  periods, 
obtained  from  the  high  tension  line-  of  the  Victoria  Falls 
and    Transvaal     Tower    Company,    Limited,    and    transformed    to 
•It-   for  the  1  and  auxiliary  apparatus.     The  control   of 

the  by  liquid  rheostats  which  can  1"      een  in   he 

and  12. 
The  especial  advai  f  this  controller  lies  in  the  arrange- 

ment for  automatically  li  niting  the  rate  of  acceleration.    The  gen- 
tlii-  t\]'  ontrol  is  indicated  in  the  diagram, 

Fig.   13.     The  controlling  lever.  .1.   serves   to  manipulate  through 
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bell   crank-,   both    the   reversing   switch   /'.    for   the   stator,   :m<l   a 

movable  sluii      §      .  /'.  which  regulates  the  height  of  the  liquid  in 

tank  /:.     Jn  this  tank  arc  suspended  three  stationary  electrodes 

B  connected  t<>  the  rotor  terminals.     The  resistan  1    t«>r 

circuit-    is  determined  by  the  height  of  the  liquid,  which  is  nn 

the  direct  control  of  the  operator.     The  liquid  is  ke]>t  in  constant 

circulation  by  n  r-driven  circulating  pump  .V.  and  is 

led  by  mean-  of  g         -  T  in  the  bottom  of  the  tank.     The 

•.ti'>n  is  n>>t  mixed  with  the  cooling  water,  hut  is  used  over  and 


.    12 — GENERAL   \ 

:;g  winding  motor   at  the   Cinderella   Deep    Mine. 

gain,  requiring  sional  1    -lacing  of  the  evaporated 

ter.     The   circulating   speed  of   the   liquid   can   be   regulated   by 

me.  the  valve  S.     T:  r  i>  thus  not  able  to  cut  out  the 

He  can  hx  the  position  of  the  sluice  gate 
when  starting  but  the  liquid  is  only  gradually  raised  to  this  level, 
according  to  the  pun  1   and   the  opening  of   the   regulating 

valve.     The  hoists  are  stop]  rted,  and  reversed  by  means  of 

these  controllers   at  any   speed   from   zero  to   full   speed   in   either 
direction.    A  main  switchboard  of  three  panels  is  also  supplied. 
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The  sinking  of  this  shaft,  in  common  with  many  others,  entails 
I  deal  of  blasting.  Should  the  supply  of  electric  power  cease 
while  the  -inker  is  starting  a  blast,  In--  means  of  escape  would  In- 
cut off.  In  order  to  obviate  this  danger  the  power  storage  set, 
illustrated  in  Fig.  14.  is  used  to  ensure  a  certain  supply  of  power 
sufficient  to  hoist  the  sinker  oul  oi  danger.  It  consists  of  a  syn- 
chronous motor,  which  may  act  as  a  generator,  a  heavy  fly-wheel 
running  in  heavy  bearings  with  forced  lubrication,  an  exciter  and 
starting  motor  for  bringing  the  synchronous  motor  to  full  speed. 
The  synchronous  motor  i-  connected  directly  to  the  line,  and  auto- 
matic devices  are  arranged  so  that  a  failure  of  the  power  supply 

causes  the  main  circuit  to  be 
interrupted.  The  power  for 
driving  the  hoist  is  then  de- 
rived from  the  flywheel.  In 
this  case  the  generator  is  of 
150  kw  capacity,  running  at 
750  r.p.m.  and  the  flywheel, 
in  -lowing  to  ^jz,  r.p.m,,  fur- 
nishes  sufficient  energy  to 
run  the  set  light  for  five 
minutes  and  then  hoist  a 
load  of  700  pounds  in  the 
ski])  through  a  distance  of 
400  fret,  thus  bringing  the 
sinker  oul  of  danger.  The 
power  storage  set  is  only  in 
operation  during  the  blasting 
period  and  seldom  for  more 
than  a  half  hour  at  a  time,  three  times  in  twenty-four  hours.  The 
manner  in  which  it  i-  operated  is  as  follow-: — 

When  all  the  dot  hole-  are  drilled,  the    haft  i-  emptied  and  the 
ker  descends  to  charge  the  holes.    About  fifteen  minutes  before 
he  is  ready  to  light  the  iu-<--.  the  sinker  sends  a   special  signal  to 
start  the  power  storage  Bet.     Another  signal  i-,  sent  as  soon  as  he  is 
read}    to  fire  the  char;  d  the  engine  driver  raises  and  lowers 

the  skip  about  two  ,  show  that  all  i-  right.     The  sinker  then 

light-  the  fuses,  give-  the  hoist-away  signal,  and  is  carried  out  of 
danger  whether  the  power  -imply  has  failed  or  not.  The  value  of 
the  power  stora|  is  shown  by  the  log  kept  on  the  mine.     It  is 

recorded    that    in    five   month-,    seven    interruptions   occurred,   one 
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being  during  blasting,  yel  in  every  case  the  skip  was  brought  to 
safety.  The  value  of  this  feature  cannot  1  n-  exaggerated,  while  the 
knowledge  that  their  lives  arc  adequately  safeguarded  inspires  tin- 
men with  an  easy  confidence  in  working,  which  more  than  tom- 
pensates  for  the  cost  of  installation.    These  interruptions  of  power 


FIG.    14 — POWF.R    STORAGE    SET    AT    THE    CINDERELLA    DEEP    MINES 


arc  due,  of  course,  t"  the  great  difficulties  under  which  the  Victoria 
lalls  stations  operate,  for  there  are  few  places  in  which  thunder- 
storms are  so  violent  and  so  frequent.  These  difficulties  would  not 
be  experienced  to  Mich  a  degree  in  countries  having  a  more  equable 
climate. 
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k  pile-  into  freight  cars  nr  vi  -a.     This  type  of  crane 

however,  ptible   of    a   wide   variety   of    uses.     It   can   be 

equipped  with  a  magnet  and  used  in  railroad  terminal-.  -teel 
yards,  and  wherever  iron  or  steel,  especially  in  rough  form,  such 
g  lr^n  or  scrap,  is  to  be  handled.  A  power  -hovel  attachment 
make-  the  crane  suitable  for  excavating  work  in  trench  digging,  stone 
quarries,  handling  of  ashes,  etc.,  while  a  drag  scraper  bucket  is  some- 
times more  applicable  in  ditch  or  -ewer  excavation-.  An  auto- 
matic grapple  for  wood  has  been  developed  by  means  of  which  a 


1 


ME    THAN  -     SHOWN     IK    FIG.     I.     SHOWING    THE    OPERATION    OF    THE 

!:LE   J>Rl  E  GRAB  BUCKET 

Th  i   from   this   crane   and   a  twin  cable   is  lai'l 

along  the  ground  and  carried  directly  into  the  side  of  the  car.     This  method 

where  the   range   of   travel   of   the   car   is   not   great,   and   an 

over  ild  interfere  with  the  operation. 

number  of  -mall  timbers  can  be  handled  simultaneously,  and  quite  a 
number  of  cranes  are  being  used  around  lumber  yard-  or  in  log- 
ging camps. 

The  hoisting,  lifting  of  the  boom,  rotating  of  the  cab  and  pro- 
pulsion along  the  tracks  is  accomplished  by  means  of  a  single  60 
er.  470  r.p.m..  series-wound  mill-type  motor  through  suit- 
able clutches.  The  motor  is  controlled  by  a  standard  industrial, 
drum  type  control  and  the  whole  apparatus  is  protected  by  a  rail- 
*way  type  circuit  breaker.  The  hoisting  is  accomplished  by  means 
of  a  friction  clutch  and  a  train  of  spur  gears.     Suspending  and  low- 
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nplished  by  means  of  a  band  brake  on  the  drum.    The 
m  hoist  drum  raises  and  lowers  the  boom  for  handling  loads  at 
different  radii  through  a  train  of  gears  by  applying  a  jaw  clutch. 
The  hook  is  held  in  position  1>\  a  worm  gear.     The  rotating  gear, 
slewing  the  cab  either  way,  is.  regulated  by  means  of  two  fric- 
tion clutches  and  a  train  of  spur  and  bevel  gears  and  is  independent 
the  direction  of  rotation  of  the  motor.     Traveling  is  done  through 
a  gear  and  regulated  by  means  of  a   friction  clutch  and  a  train  of 
rs.     The  direction  of  travel  is  regulated  by  the  rotation  of  the 
moU  ir. 


FIG.    3 — OPERATING    PLATFORM    01     ELECTRIC    LOCOMOTIVE   i  KANE 

show  the  gearing.     The  con 

a  standard  reversing  drum  type  with  grid  resistors.     The  clutches, 

rated  by  the  levers  at  the  driver'-  right,  are  of  special  type,  the  grip  being 

accom;  riding  a   squan  il    spring  against  the  inside  of  a 

eL  sleeve.     They  work  easily  and  without  shock,  no  matter  how  suddenly 

applied. 

Hoisting,  slewing  and  traveling  can  he  done  simultaneously. 
One  man  controls  all  of  these  operations  from  an  elevated  platform, 
where  all  levers  and  handles  are  grouped,  as  shown  in  Fig.  3.  The 
d  of  hoisting  at  the  full  rated  load  is  [00  feet  per  minute,  or  150 
'.per  minute  with  an  empty  hook.  The  rotating  ^pced  is  at  the 
rate  of  four  revolutions  of  the  car  per  minute  with  a  full  load  on 
the  boom,  and  seven  revolution-  per  minute  empty.  The  car  can  he 
propelled  along  a  level  track  without  load  at  a  rate  of  600  feel  per 
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minute,  or  about  seven  miles  per  hour  and,  while  exerting  a  draw- 
bar pull  of  approximately  7600  pounds,  at  the  rate  of  six  miles  an 
hour.  This  is  equivalent  to  handling  six  or  seven  cars  on  a  level 
track.  The  efficiency  of  operation  of  this  type  of  crane  depends 
materially  upon  the  operator  and  the  conveniences  that  are  provided 
for  him. 

Tlu-  safe  loads  of  this  crane,  as  given  in  Table  I,  refer  to  loads 
that  can  be  handled  at  the  various  radii  without  upsetting  the  crane 
when  in  free  and  running  order  and  assuming  that  eight  tons  of 
ballast  are  used  in  the  truck  to  give  the  required  stability.  The  bal- 
last is  usually  made  of  the  punchings  from  boiler  or  structural 
shops  or  scrap  iron.  Four  track  clamps,  two  at  each  end  of  the 
track,  are  bolted  to  the  structural  frame  and  can  be  quickly  clamped 
to  the  track  in  order  to  increase  the  lifting  capacity  when  required, 

TABLE  I— SAFE  CAPACITY   OF  THE  CRANE  IN  TONS 


t  Radius  —  ft.  ^  .,         , ,     .    ,,.     . 

Ton'  (Standard  38  ft.   Boom)      Rru]   lQ  Hook   Block 


31 

ft. 

32 

tl 

34 

it 

33 

it 

.V 

it 

28 

a 

22 

a 

\2 

u 

25 

it 

or  to  hold  the  crane  when  working  on  a  grade.  Additional  capaci- 
ties can  be  obtained  by  applying  stability  wheels,  special  counter- 
weights or  both.  The  approximate  working  weight  of  the  crane  is 
as  follows : 

Crane     25  tons 

Ballast   in   truck    8  tons 

Weight  of  motor    3  875  pounds 

Weight  of  controller  and  resistance,  approx....    350  pounds 

The  crane  truck  is  made  of  a  heavy  center  casting  connected  to 
a  rigidly  braced  structural  steel  frame,  which  is  mounted  on  four 
heavy  car  wheels.  The  center  casting  has  a  bored  vertical  bearing 
for  the  hollow  center  or  "king"  pin  and  bronze  bushings  for  the 
bearings  of  the  longitudinal  shaft.  The  structural  frame  is  riveted 
together  with  beams  and  plates.  The  space  between  these  members 
is  used  for  ballast.  The  rotating  base  consists  of  a  single  casting, 
which  supports  the  machinery  and  structural  platform  on  each  side 
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in  such  a  manner  as  to  allow  the  operator  to  got  around  and  reach 
any  part  of  the  machinery  without  leaving  the  cab.  Plow  steel  ropes 
are  used  exclusively  for  both  the  main  and  the  boom  hoist. 

In  some  installations  the  electric  current  is  brought  to  the  crane 
hv  means  >>i  a  flexible  cable  which  enters  directly  into  the  side  of 
the  trucks.  In  the  majority  of  cases  a  standard  trolley  is  used  in 
order  to  allow  the  crane  to  be  self-propelling  and  to  be  useful  at 
any  place  along  the  track  of  an  electrically  operated  railway  com- 
pany. A  type  of  trolley  which  is  suitable  for  low  trolley  wires 
such  as  arc  used  around  mines  and  on  some  ore  docks,  is  shown  in 


F.r,.  4—  SHOWING  (RAM:  Koril'PED  WITH    mink  type  trolley 

POLE,   FOR    USE   AROUND    MINES    AND   ORE    DOi 

Fig.  4.  the  base  of  the  trolley  support  being  extended  sufficiently  far 
from  the  side  of  the  crane  to  clear  the  rear  end  of  the  rotating 
structure  when  the  latter  i-  at  right  angle  with  the  track. 

A  type  of  railroad  crane  which  ha^  proved  very  useful  to 
several  of  the  larger  interurban  electrical  railway  lines  is  shown  in 
Fig.  5.  This  crane  is  used  by  the  Illinois  Traction  Company  for 
wrecking  purposes  and  for  loading  freight  cars  around  the  terminal 
and  for  coal  handling,  with  a  grab  bucket.  It  is  equipped  with  a 
single  railway  type  motor  of  [00  horse-power  capacity,  which  fur- 
nishes power  for  performing  all  the  necessary  operations  through 
clutches,  as  previously  explained.     This  motor  is  of  the  si/.e  and 
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type  which  is  standard  for  the  interurban  cars  of  this  system,  so 
that  no  spare  parts  need  be  carried  in  stock.  The  capacity  of  this 
crane  is  43  500  pounds  at  ten  feet  radius,  13  400  pounds  at  25  feet 


FIG.  5 — ELECTRICALLY  OPERATED  LOCOMOTIVE  CRANE,  USED  BY  THE  ILLINOIS 
TRACTION  COMPANY,  MAINLY  FOR  UNLOADING  FREIGHT  AND  COAL  IN  THEIR 
YARDS    AT   DECATUR,    ILL. 

This  Company  also  operates  a  yard  crane  similar  to  the  one  shown  above, 
except!  that  a  standard  38  foot  boom  of  the  type  shown  in  Figs.  1  and  2  is 
used. 

radius  and  7  100  pounds  at  40  feet  radius,  and  the  maximum  self- 
propelling  speed  of  the  car  on  level  track  is  ten  miles  per  hour. 
Out-riggers  and  track  anchors  are  provided  for  steadying  the 
wrecker  when  the  boom  is  swung  to  one  side. 


RELATION  OF  FLYWHEEL  AND  MOTOR  CAPACITY 
FOR  INDUSTRIAL  LOADS 

S.  A.  FL1TCHKR  anJ  CHAS.  R.  RIKER 

WHEN  a  non-reversing  motor  is  subjected  to  sudden  fluc- 
tuations and  overloads  of  short  duration,  with  periods 
of  light  load  between  the  peaks,  a  flywheel  of  correct 

proportions  will  relieve  the  motor  and  the  supply  circuit  of  a  large 
part  of  the  fluctuations.  It  the  motor  is  also  properly  chosen  with 
reference  to  the  flywheel  and  load,  its  size  may  be  materially  re- 
duced, and  hence  the  average  load  will  be  nearer  its  rated  capacity, 
thus  making  the  average  efficiency  materially  better.  The  motor 
should  have  a  considerable  drop  in  speed  from  no  load  to  full  load 
that  the  flywheel  and  motor  will  slow  down  as  the  load  comes 
on.  since  a  flywheel  gives  up  its  stored  energy  as  its  speed  is  de- 
creased. The  advantage  of  the  flywheel  may  he  nullified  by  the 
of  a  motor  which  tries  to  maintain  a  constant  speed.  This  re- 
quires, therefore,  for  direct  current,  a  compound-wound  motor  with 
a  10  to  25  percent  speed  drop,  and  for  alternating  current  either  a 
high  resistance  end  ring,  squirrel-cage  motor  or  a  wound  secondary 
motor  with  a  speed  drop  of  from  8  to  20  percent.  Standard  squir- 
rel-cage motors  for  non-flywheel  load  have  closer  speed  regulation 
and  are  not  so  satisfactory  for  this  class  of  service. 

The  interaction  between  flywheel  and  motor  may  be  expressed 
by  equations,  which,  if  average  results  only  are  desired,  are  com- 
paratively  simple.     A   complete  solution,   however,   involves  more 

mplicated  equation-.  The  authors  have  reduced  these  to  graphical 
form  in  the  hope  of  affording  assistance  in  the  solution  of  many 
problems  which  now  go  unsolved,  or  are  merely  guessed  at,  for  the 
lack  of  a  ready  and  reliable  means  of  determining  the  exact  rela- 

*i  between  a  given  flywheel  and  a  motor  of  given  speed-torque 
characteristics  driving  a  given  load. 

The  energy  stored  in  a  flywheel  is  expressed  by  the  funda- 
mental formula: — * 


'].  and    in    the   charts    in   thia   article   ha  i     thi     following   sig- 

■  — 

in    the    flyul 
M         "  '  •'••   flywheel. 

W  •  'lc. 

V  —  gyration  ol  flywheel  in  ft.  pei 

Vi=  Initial  r,n  of  flywheel  in  ft.   per.  sec. 

tion    of  flywheel   in   ft.   pel 
K  of   gyration    in    fi 

K 

iiius   of   rirn   i 
tioill    r.'-r    infinite. 

per   infinite. 
>"_2  =  Final    speed    in   revoltl 
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E=K'  MV  whence 

HP'sec:   .0-1- 
and  the  eneri>v  delivered  for  a  given  change  in  speed  is 

w  (V,1  —  Vs*) 

Ml"sec  =  ,54-- 

The  distance  of  the  center  of  gyration   from  the  renter  of 

gravity  is  called  the  radius  of  gyration.  For  a  flywheel  c<>mp<»cd 
of  a  solid  disk,  this  distance  is  determined  by  the  formula  K 
0.5  R-\  For  a  flywheel  with  rim  and  web,  the  flywheel  effect  of 
each  must  be  calculated  separately  and  added.  'The  radius  of  gyra- 
tion is  determined  for  the  rim,  from  K2  =  0.5  (R2  +  r2),  and  for 
the  web,  from  K2  =  0.5  r2.  For  a  flywheel  with  rim  and  arms  the 
calculation  of  the  exact  value  of  K  for  the  hub  and  arms  is  difficult. 
For  standard  designs  it  will  be  found  to  closely  approximate  K3  = 

0-33  I- "• 

In  order  to  use  these  values,  the  expression  for  horse-power- 
seconds  may  be  simplified  by  substituting  for  V  its  value  in  terms 
of  the  radius  of  gyration.    Thus  the  square  of  the  velocity  is, — 

'2-  KN\2 


/  2-  k.\\  •_' 


onK'-'N1 


The  equation  for  the  energy  delivered  by  a  given  drop  in  speed  is 
then 

Hp-secs  —  0.000000  31  WK:  (X,2  —  X22) 

The  weight  W  may  be  figured  from  the  volume  of  the  iron 
by  considering  the  weight  as  450  pounds  per  cubic  foot  for  cast  iron, 
480  pounds  for  wrought  iron  and  490  pounds  for  steel.  Care 
must  be  exercised  not  to  exceed  the  safe  peripheral  speed  of 
a  flywheel.  With  cast  iron  this  peripheral  velocity  must  not  ex- 
ceed 5000  to  6000  feet  per  minute;  with  cast  steel  10 000  feet  per 
minute  is  the  maximum  allowable,  and  special  laminated  flywheels 
built  of  thin  boiler  plate  material  riveted  together  may  be  run  from 
1 0000  to  25000  feet  per  minute.  A  speed  much  used  in  this  last 
type  of  flywheel  is  20000  feet  per  minute.  If  the  flywheel  effect  is 
not  great  enough  and  the  speed  cannot  be  brought  any  higher,  the 
weight  may  be  increased  by  increasing  the  width  of  the  rim. 

t  =  Time    in    seconds. 

T   =r  Torque    expressed    in    pounds   at  one  foot   radius. 

T!  =  Torque   of   load. 

T«  =  Accelerative    torque    of    motor  at  end  of  peak   load. 

Dj.  =  Speed  drop  of  flywheel  in  r.p.m.  below  synchronous  or  no-load  speed  at  begin- 
ning of  peak  load,  on  the  assumption  that  the  drop  is  in  direct  proportion  to  th- 
load. 

D»  =r  Speed    drop    at    end    of   peak. 

D3  =  Speed   drop   if   motor   were   to   carry  entire  load,  based  on  same  assumption  as  abov^. 

D«  =  Speed  drop  at  friction  load.  If  there  is  time  for  the  motor  to  fully  accelerate 
the   flywheel    between  peaks,     D4   and  Dt   are   the   same. 

Si  =  D3  —  Dx  =  Change     in     speed  if   motor   were    to    carry    entire   load. 

S;  =  Do  —  D4  =  Change  in  speed  required  to  fully  accelerate  the  flywheel  at  end  of 
peak. 
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Since  the  power  required  is  often  expressed  in  terms  of  torque, 
it  is  sometimes  more  convenient  to  use  a  formula  involving  the 
torque  which  a  flywheel  will  develop  for  a  given  time.  This  may 
be  derived  by  substituting  in  the  preceding  equation  the  fundamental 
formula, — 

}]       lbs.  >  :iv.  ft.  per  min.__  T(N,  -fX.  > 
33  <  1 051  hi 

By  substitution, 

O.OO329  W  lv<  X',  — X,.) 
t 

rhese  formulae  give  in  simple  term-,  the  total  energy  stored  in 
a   flywheel,   the   total    energy   delivered   during  a  given   change   in 

ed,  and  the  average  torque  developed  by  a  flywheel  during  a 
given  change  in  speed.  From  these  values,  knowing  the  total  load, 
it  is  possible  to  calculate  the  average  load  on  the  motor  during  any 
given  drop  in  speed.  No  indication  is  given,  however,  of  the 
maximum  load  on  the  motor,  which  may  equal  the  total  load,  in 
which  case  the  flywheel  might  as  well  be  removed. 

The  torque  required  must,  of  course,  be  determined  before  a 

ution  of  a  flywheel  problem  is  possible.  No  general  method  can 
be  given  which  will  fit  all  cases,  but  a  few  suggestions  as  to  method 
of  procedure  may  he  helpful.  Where  a  machine  is  driven  by  a 
motor,  and  has  a  flywheel,  both  maximum  load  and  friction  load 
may  he  determined  by  suitably  damped  indicating  instruments,  or 
by  graphic  recording  instruments,  with  rapidly  moving  paper.  If 
the  clock  mechanism  is  too  slow  it  may  be  disconnected  and  the 
paper  moved  by  hand  at  a  constant  rate.  The  length  of  the  load 
period  may  be  determined  from  the  graphic  record,  or  by  means  of 
a  stop  watch.     If  the  time  is  too  short,  the  machine  may  be  turned 

r  '•lowly,  and  the  number  of  revolutions  or  the  fraction  of  a 
revolution  of  some  element  during  the  period  that  the  load  is  on 
can  be  noted.    From  thi         ed  of  this  element  during  normal  opera- 

n,  the  time  may  be  estimated.  If  the  machine  is  already  equipped 
with  a  flywheel  it  should  be  disconnected  while  the  load  charac- 
teristics are  being  determined. 

Where  a  machine  is  equipped  with  a  flywheel,  and  no  motor 

mailable,  but  it  i-  desired  to  determine  the  load  characteristics  in 
order  to  determine  a  suitable  motor,  the  following  method  will  give 
a  good  approximation.  JJring  the  machine  up  to  speed,  disconnect 
it  from  the  source  of  power  and  note  the  time  required  for  the 
machine  and  flywheel  to  stop.  The  energy  initially  stored  in  the 
flywheel  can  be  calculated  from  its  dimensions  and  speed,  and  from 
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the  formulae  previously  given  the  average  torque  required  to  over- 
come friction  may  be  observed.  The  machine  should  then  be  again 
brought  to  speed,  disconnected  from  the  source  of  power,  and  the 
machine  made  to  perform  one  or  more  complete  cycles  of  work, 
without  intermission,  under  normal  conditions.  With  a  tachometer 
and  a  stop  watch,  the  drop  in  speed  and  the  time  per  cycle  should 
be  noted.  From  these  and  the  dimensions  of  the  flywheel  the 
average  torque  of  the  total  load  may  be  determined,  and  by  sub- 
tracting the  friction  load,  the  useful  load  T1  may  be  secured.  This 
method  does  not  ordinarily  admit  of  great  accuracy,  and  is  to  be 
recommended  only  when  a  trial  motor  installation  cannot  be  made. 
Where  the  data  on  the  load  has  been  determined,  the  next 
step  is  to  find  what  motor  will  operate  most  successfully  with  the 
given  flywheel*  or  perhaps  what  flywheel  should  be  put  on  in  place 
of  the  present  one.  This  requires  a  consideration  of  the  torque 
required  in  starting,  the  maximum  load  on  the  motor  while  run- 
ning, the  time  allowed  for  the  motor  to  accelerate  the  flywheel  in 
the  intervals  between  the  peaks,  the  time  in  which  the  drop  in  speed 

occurs  and  the  allowable 
speed  drop  which  will 
be  permitted  in  the  ma- 
chine itself.  The  object 
to  be  attained  is  a  fairly 
even  load  on  the  motor 
with  the  flywheel  taking 
care  of  the  peaks.  The 
motor  must  restore  to 
the  flywheel  as  much  en- 
fig.  1 — speed  torque  characteristics  of  wound  ergy     during    the     light 

SECONDARY     INDUCTION     MOTOR     AND     COMPOUND    JQacl    ag    fjle    flywheel    de~ 
DIRECT-CURRENT       MOTOR,      COMPARED      WITH       A  * 

straight  line,     both  motors  having  a  12.5  livers   during   the   peak, 
percent  speed  drop  at  full  load  in    addition    to   carrying 

the  friction  load,  or,  in  other  words,  the  motor  must  bring  the  fly- 
wheel velocity  back  to  the  original  value  between  each  peak  or  the 
load  on  the  motor  will  continually  increase  with  each  cycle  until 
this  condition  is  secured. 

In  order  to  analyze  the  relations  between  a  given  flywheel  and 
a  given  motor,  it  is  advisable,  though  not  always  necessary,  to  plot 
a  curve  or  group  of  curves  showing  the  torque  required  to  overcome 


*See  article  by  Mr.  R.  E.  Hellmund  in  the  Journal  for  Nov.,  1910,  p.  870. 
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friction,  the  total  torque,  the  torque  supplied  by  the  motor  and  that 

supplied  by  the  flywheel  at  any  instant  oi  time.  Such  curves  are 
shown  in  Fig.  2.  They  arc  plotted  according  to  the  formulae  de- 
veloped by  Mr.  11.  C.  Specht,  which  have  been  put  in  graphic 
form  in  Fig.  4.  These  formulae  are  based  on  the  assumption  that 
the  torque  developed  by  a  motor  is  in  direct  proportion  to  the  drop 
in  speed.*     That  this  assumption  is  entirely  warranted  within  the 
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2 — TORQUE   TIME    I  HARACTERISTICS   OF   300   AND   IOO    HORSK-I'OWKR    INDUCTION 
MOTORS    CONNECTED   TO    SAME   FLYWHEEL    AND    LOAD 

ice  the  speed  and  torque  are  assumed  proportional,  the  curves  can  be 
sidered  as  plotted  to  either  of  the  sets  of  ordinate-  shown  at  the  left. 

normal  working  range  is  shown  by  the  curves  in  Fig.  I. 

The  values  necessary  to  plot  a  curve  as  shown  in  Fig.  2  are 


"Transactions  A.I.E.E.  June,  1909,  p.  870.  For  those  who  desire  the 
original  formulae,  they  arc  stated  here,  without  derivation.  Let  V  equal 
the  velocity  of  the  flywheel  in  feet  per  second  at  one  foot  radius  at  any  time 
vx  —  velocity  at  beginning  of  peak,  va  at  end  of  peak,  v3  velocity  if  motor  car- 
ries entire  load,  and  v*  velocity  at  zero  useful  load,  i.  c,  at  friction  load, 
and  other  letters  the  same  as  in  the  article.     Then  for  retardation — 


and  for  acceleration 


tr,  g 

y    WK-'v,—  v.,) 


v=v. — 


t'l 

£    WK-  tv,-v,) 
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the  torque  of  the  useful  load,  the  torque  of  the  friction  load,  the 
dimensions  of  the  flywheel,  the  drop  in  speed  of  the  motor  ;it  mil 
load,  the  length  of  time  the  load  lasts  and  the  time  between  load 
periods.  The  method  of  using  the  charts  ran  besl  be  shown  bj  an 
imple.  This  example  does  nol  take  into  consideration  the  fly- 
wheel effecl  of  the  arm-  of  the  flywheel  nor  of  the  rotating  element 
of  the  motor  which  is  usually  small.  For  greater  refinement  th< 
should  be  added  to  the  \\  K-  of  the  rim.  h  the  flywheel  aud 
motor  run  at  different  speeds  the  flywheel  effect  of  the  latter  must 
ng  '1  t"  correspond  to  the  flywheel  speed.  Thus,  it  the 
motor  run-  at  twice  the  speed  of  the  flywheel,  it-  \\  K  should  l»c 
doubled  before  being  added  to  that  of  the  flywheel. 

[J  a  useful  load  of  7240  pounds  at  one  foot  radius,  occurring 
at  interval-  of  one  second  and  lasting  for  one  second  with  a  fric- 
tion load  of  ten  percent  of  this  amount  be  assumed,  the  time-torque 
curw  of  the  load  will  be  as  indicated  in  Fig.  2.  Regardless  of  any 
flywheel  action,  the  average  of  the  useful  load,  plus  the  friction 
load,  must  be  carried  by  the  motor.  The  average  useful  torque 
must  therefore  l>e  "tiedialf  of  7240,  since  the  load  is  on  for  one- 
half  the  total  time  and  the  motor  load  will  equal  3620  |  7-4  = 
4344  pound-.  It'  it  is  assumed  further  that  the  speed  at  this  aver- 
age load  should  be  aboul  280  r.p.m.  and  that  the  motor  -h'»uld  not 
drop  in  speed  more  than  about  15  percent  at  full  load,  a  no-load 
speed  of  about  330  r.p.m.  is  secured.  This  corresponds  to  a  22 
pole,  60  cycle,  induction  motor  (327  r.p.m.  synchronous  speed). 
An  average  load  of  4  ,U4  pounds  at  280  r.p.m.  requires  232  hoi 
P<.\ver.  To  pull  the  total  load  would  require  peaks  of  425  horse- 
power. A  250  horse-power  motor  will  carry  the  average  load 
easily,  but  since  the  heating  effecl  varies  with  the  square  root  of 
the  mean  square  of  the  load,  which  i-  greater  than  the  average,  and 
also  to  allow  for  emergencies,  a  300  horse-power  motor  will  he 
chosen  for  a  preliminary  estimate. 

Assume  first  that  the  machine  is  equipped  with  a  six-foot  fly- 
wheel (36  inches  outside  radius),  [2-inch  face  and  8-inch  depth  of 
rim.      The    flywheel    effect    can    be   calculated    from    the    formulae 
previously  given,  or  can  he  determined   from  the  chart.   Fig.  3, 
follows : — 

Starting  with  the  line  representing  36  inches   radius,  read 
the  curve  representing  8  inches  depth  of  rim.  then  to  the  reference 
line  at  the  beginning  of  the  diagonals,  interpolating,  where   neces- 
sary.   From  this  line  follow  the  diagonal  to  the  line  representing  12 
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inches  face  and  then  to  the  reference  line  representing  cast  iron. 
The  value  opposite  this  point,  36200,  represents  the  flywheel  effect. 
It  i  wheel  is  to  be  used,  from  the  reference  line  marked  oast 

n  follow  the  second  sel  of  diagonals  to  the  reference  line  marked 
steel,  wlu-n  the  flywheel  effect  for  a  steel  wheel  will  be  given.  The 
value-  do  not  include  the  weight  of  the  arms  which  ordinarily  can 
be  neglecteed,  or  it"  desired,  -even  to  ten  percent  may  be  added  to 
the  flywheel  effect  of  the  rim.  For  extreme  accuracy,  the  values  for 
the  arms  must  be  calculated  separately.  For  a  disk  flywheel,  hav- 
ing no  arm-,  the  curve  marked  "Disk  Wheel"'  should  he  used. 

[f  no  flywheel  is  provided,  it  is  necessary  to  determine  a  suit- 
able  size.  The  flywheel  effect  desired  can  he  estimated  from  the 
ratio  of  flywheel  effect  t<>  torque  <>f  load.     In  the  case  worked  out 

7240 

>ve  this  ratio  =    -         =0.2.     The  determination  of  the  ratio  to 
3<  >_'oo 

be  assumed  depends  on  the  characteristics  of  the  load.  If  the  speed 
variation  or  the  current  peak-  must  he  minimized  a  small  ratio,  i.  c., 
3.  large  flywheel  effect  must  he  chosen,  and  vice  \ersa.  The  in- 
terval between  peaks  does  not  determine  the  size  of  the  flywheel, 
hut  only  the  -ize  of  motor  to  he  chosen.  Having  assumed  a  ratio 
and  hence  the  flywheel  effect  desired,  the  dimensions  of  the  fly- 
wheel can  he  determined  from  Fig.  3,  starting  at  the  value  of  fly- 
wheel effect,  and  reading  over  to  the  dimensions.  The  outside 
diameter  will  he  limited  by  the  maximum  safe  peripheral  speed. 
Thus,  with  the  motor  speed  assumed,  36  inches  is  about  the  maxi- 
mum outside   radius   which   would  he   safe   for  a  cast   iron   wheel. 

In  case  the  range  of  this  chart  i-  not  sufficiently  great,  the 
values  for  face  of  flywheel  can  he  doubled,  and  the  corresponding 
values  for  flywheel  effect  also  doubled,  as  these  two  quantities  are 
in  direct  proportion.  This  is  not  true,  however,  of  the  other  values 
in  the  chart. 

Having   determined    the    flywheel    effect,    the    chart    in    Fig.    4 

may  be  used  to  determine  points  on  the  curve.     The  load  curve 

uld  fir-t  be  plotted.     If  a  complete  analysis  i-  to  he  made,  a 

motor  load  curve,  a-   in    Fig.   _\   should  he  plotted.     If  it   is  only 

necessary   to   determine   the   maximum    load   on    the   motor,    which 

occurs  at  the  end  of  the  peak  load,  this  value  only  need  be  solved 

The  chart  may  he  used  for  the  curve  of  retardation  or  of  ac- 

tion,  the  only  difference  being  in  the  values  of  .S  and  V  used. 

For  retardation,   while   the  flywheel   is  carrying  part  of   the  load, 

and  7\  are  used,  and  for  acceleration,  S,  and  'I...     The  relative 
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values  of  these  terms  are  shown  very  clearly  in  Fig.  2.  A  300  hp 
motor  with  15  percent  slip  at  full  load  will  then  give  a  speed  drop 
«.f  ('). }  r.p.m.  (/',)  below  synchronous  speed,  with  a  friction  load 
of  724  pounds  torque,  and  a  drop  of  69  r.p.m.  (Dz)  with  a  peak 
load    of    7240  -j-  724  —  70(14    pounds    torque.     For    the    example 

T,  7240 

chosen   ..  ,.    =  =0.2  and  5\=69 — 6.3=62.7  r.p.m.  Follow  - 

\\  k-         36  200 

ing  the  line  0.2  to  the  diagonal  62.7  (interpolated)  and  then  along 
the  horizontal  to  its  intersection  with  the  various  lines  represent- 
ing time,  the  drop  of  the  motor  at  various  time  intervals  can  be 
determined  in  percent  of  S\.  Since  the  torque  is  in  proportion  to 
the  speed  drop,  these  percentage  values  may  also  be  considered  as 
torque,  expressed  in  percent  of  7  ,.  and  may  be  plotted  on  which- 
ever basis  is  more  convenient.  This  gives  the  curve  of  retarda- 
tion during  the  first  second,  plotted  above  the  line  of  friction  load. 
For  convenience,  the  torque  or  the  speed  drop  corresponding  to 
the  friction  load  may  be  added  to  the  values  secured  and  the  curve 
plotted  above  the  zero  line  as  a  base. 

The  curve  for  acceleration  is  secured  in  an  exactly  similar 
manner  from  the  same  chart,  except  that  the  values  chosen  are  T2 
and  .V.  as  defined  previously  and  as  shown  in  Fig.  2,  and  the  values 
are  plotted  downward  from  the  maximum  torque  or  speed  drop 
reached  on  the  retardation  curve,  indicated  at  D2.  For  convenience 
these  values  may  be  subtracted  from  this  maximum  value  (equal 
to  So  plus  friction  drop  or  /'..  plus  friction  torque)  and  plotted 
above  the  zero  line  as  a  base.  As  shown  by  the  dotted  acceleration 
curve,  the  motor  in  this  case  will  bring  the  flywheel  back  to  ap- 
proximately friction  load  speed  in  about  six  seconds. 

The  area  of  the  load  curve  above  the  retardation  curve  is  pro- 
portional to  the  power  supplied  by  the  flywheel.  The  area  between 
the  friction  load  and  the  retardation  curve  represents  the  power 
supplied  by  the  motor  during  retardation,  and  the  area  between 
the  friction  load  and  the  acceleration  curve  represents  the  power 
supplied  by  the  motor  to  the  flywheel  during  acceleration.  This 
area  must  equal  the  area  representing  the  output  of  the  flywheel 
during  retardation,  in  order  to  have  the  cycle  exactly  repeated.  If, 
however,  the  peak  load  is  repeated  after  an  interval  of  one  second, 
these  areas  are  not  equal  and  the  motor  will  carry  a  much  heavier 
load  at  the  beginning  of  the  second  peak  than  at  the  first.  S\  will 
then  equal  D'z  —  D\  and  T\  will  be  the  value  represented  by  the 
difference  between  the  torques  at  the  speeds  D'?i  and  D \  as  indi- 
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cated  in  the  diagram.  In  a  similar  manner  the  succeeding  values 
of  S  and  T  arc  determined.  The  maximum  load  values  keep  in- 
creasing until  the  power  supplied  b)  the  flywheel  during  the  load 
period  exactly  equals  that  supplied  to  the  flywheel  during  the  in- 
terval between  peaks,  when  the  values  ln-come  constant. 

From  the  firsl  acceleration  curve  it  is  evident  that  a  much 
smaller  motor  will  he  satisfactory  if  the  interval  between  peaks  is 
sufficient  The  curve  which  is  plotted  in  the  same  diagram  for  a 
100  horse-power  induction  motor,  having  the  same  speed  and  per- 
cent .-lip  at  full  load.  i.  e..  three  times  the  slip  for  the  same  load, 
shows  that  the  flywheel  carries  the  greater  part  of  the  peak,  the 
motor  being  momentarily  overloaded  about  45  percent.  In  this 
however,  approximately  [5  seconds  are  required  hetween 
peak-  to  allow  the  smaller  motor  to  bring  the  flywheel  hack  to  speed. 
The  diagram,  Fig.  4.  may  he  used  for  the  analysis  of  any  case 
where  a  load  is  driven  by  a  flywheel  and  a  prime  mover  whose  drop 
in  speed  is  practically  proportional  to  the  load.     This  includes  most 

am  and  gas  engines,  a-  well  a-  electric  motors.  It  is  not  suitable 
for  a  flywheel  alone,  nor  for  any  case  except  where  the  flywheel  is 
gradually  relieved  of  the  load  by  some  prime  mover,  and  hence 
cannot  he  used  in  the  case  of  a  flywheel  designed  to  regulate  the 

eed  of  a  prime  mover,  as,   for  instance,  a  gas  engine  driving  a 

generator,  as  the  shape  of  the  curve  is  quite  different  in  this  case. 

In   general,   the   selection   of   a   suitable   flywheel    represents   a 

mpromise  hetween  the  losses  occurring  in  the  motor,  and  the 
friction  and  windage  of  the  flywheel,  considering  the  speed  re- 
quirements of  the  load  and  the  fact  that  the  heating  of  a  motor  is 
greater  with  a  fluctuating  load  than  with  a  more  uniform  load  of 
the  same  average  power  requirements.  No  one  solution  can  be 
considered  the  only  possible  satisfactory  one,  as  the  load  curve  may 
be  made  smoother,  either  by  increasing  the  flywheel  effect,  or  by 
increasing  the  speed  drop,  and  in  exactly  the  same  proportion.  By 
a  careful  study  of  conditions  the  initial  assumption  may  be  made 
quite  accurately,  though  it  is  sometimes  advisable  to  work  out  two 
or  more  assumed  ca^es  he  fore  making  a  final  decision. 
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714 — Starting     Two-Phase     Induc- 
tion Motors — A  number  of  two- 
phase    induction    motors    are    con- 
nected  through  a  four-pole  double- 
throw  switch  to  the  secondaries  of 
two  starting  transformers  in  such 
way   that   when   the   switch   is   in   a 
starting    position    one-half    of    the 
secondary    winding  of   each    trans- 
former    is     connected     in     series 
across   each   phase   of    the   motors, 
the     half    winding    of    one    trans- 
former being  made  common  to  the 
two  phases   by   means   of   a  cr<> 
connection      joining      the      middle 
points     of     the     two     transformer 
windings.     In  the  running  position, 
the  full  secondary  winding  of  each 
transformer  is   connected   across   a 
motor      phase.        The      switch      is 
thrown   up   for   starting  and,   when 
the  motor  is  speeded  up,  is  quickly 
thrown  over  to  the  lower  position. 
Please  explain  what  happens  in  the 
process  of  starting  with  these  con- 
nections.    Would  it  injure  the  1 
tors    or    transformers    to    operate 
with  the  switch  in  the  starting  po- 
sition? A.B. 
The     voltage     obtained     on     each 
phase  of  the  motor  wdien  the  switch 
is  in  the  starting  position  is  the  re- 
sultant  of   two  voltages,   each   equal 
to    one-half    of    the    full    secondary 
voltage  and  having  a  phase   relation 
of  90  degrees.     By  representing  these 
voltage  relations  by  means  of  vec- 
tors,   it    will    be    apparent    that    the 

starting    voltage    is    equal    to  ^ 

running  voltage.  It  should  be  noted 
that  to  start  a  number  of  motors 
from  a  single  pair  of  transformers 
by  means  of  a  single  switch,  i.e., 
with  the  motors  all  permanently  con- 
nected in  parallel,  would  require 
transformers  of  larger  capacity  and 
a  larger  switch  than  if  a  single  pair 
of  transformers  and  separate  start- 
ing switches  were  used  so  as  to  start 
the  motors  one  at  a  time.  The  burn- 
ing of  switch  contacts  would  also  be 


greater.  Where  step-down  trans- 
formers are  arranged  on  the  second- 
ary side  so  as  to  provide  for  running 
conditions  as  well  as  for  a  starting 
voltage,  as  in  the  present  case,  prob- 
ably no  harm  would  be  done  even  if 
the  motor  were  operated  with  the 
switch  in  the  starting  position,  pro- 
vided the  load  was  light.  However, 
a  motor  operating  under  load  on  re- 
duced voltage  is  liable  to  take  so 
heavy  a  current,  due  to  the  large  slip, 
that  overloading  of  both  it  and  the 
transformers  is  apt  to  result:  auto- 
transformers  for  use  simply  in  start- 
ing induction  motors  are  not  ordina- 
rily designed  for  continuous  opera- 
tion; and  if  so  used  are  liable  to  de- 
velop trouble  due  to  over-heating  o'f 
the  iron  and  consequent  burning  of 
the  insulation.  R.W.C. 

7*5 — Cylinder  Lubrication  in  Small 
Gas  Engines — Cylinder  lubrica- 
tion in  small  two-cycle  gas  en- 
gines is  being  accomplished  suc- 
cessfully by  dispensing  with  oil 
cups  and  mixing  one  pint  of  lu- 
bricating oil  with  each  five  gal- 
lons of  gasoline.  Could  this  sys- 
tem be  used  on  four-cycle  en- 
gines? Have  any  experiments 
been  made  to  test  it?  a.g. 

We  do  not  know  of  any  tests 
but  think  that,  as  the  crank  case 
of  a  four-cycle  engine  does  not 
have  the  gasoline  passing  through 
it,  the  lower  end  of  the  cylinder 
and  the  bearings  would  need  splash 
lubrication  and  if  this  splash  lubri- 
cation is  provided  nothing  else  is 
needed  a.t.k. 

716 — Ratings  of  Boilers  —  Please 
furnish  names  of  several  manu- 
facturers of  standard  tubular  and 
water  tube  boilers  whose  cata- 
logues will  give  standard  ratings 
of  different  sizes  of  boilers. 

k.w.a. 

The  most  reliable  makers  do 
not  seem  to  give  sizes  and  horse- 
powers because  conditions  of  draft, 
kind    of    fuel    and    kind    of    water 
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their  Babcock    and 

\\  ,1  -     Liberty  St..  New   York, 

.      .  all<  '1      "Steam" 

much     information 

along  tliis  line.  a.t.k. 

-17 — Capacity     of     Steam     Water- 
Works   Pumps — .J — Please    give 
-inula    for    figuring   the   horse- 
wer      required      to      operate 
pumps  of  the  plunger  direct  act- 
um type  as  used  in  water-works 
■  vice.     /-—What  is  the  method 
uring  the  elevation  head  at 
which    direct    acting    pumps    can 
liver    water    and    do    effective 
work,      c — Are    there   any    ready 
means  of  checking  size  of  steam 
mains  supplying  pumps  to  see  if 
they  are  of  adequate  size  to  sup- 
ply necessary   steam  for  efficient 
pump  operation.  k.w.a. 

,i — By  the  above  we  would  un- 
hand    pumps     w  i  t  h  o  u  t     fly- 
wheels.    The  indicated  horse-pow- 
in  the  water  cylinder  is  figured 
m  the  formula: — 

p  x  1  x  a  ■•-  n     wherfi  p  ]S  the 

33  ooo 
suction  in  pounds  per  square  inch 
livery    pressure   in   pounds   per 
in.,  /'is  length  of  stroke  in  feet. 

-  area  of  plunger  in  sq.  in.,  and 

-  number  of  double  strokes  per 
min.  times  the  number  of  plungers. 
The    indicated    horse-power   in    the 

m  cylinders  is  greater  than  this 
an    amount    equivalent    to    the 
friction.     In  small  pumps  the  fric- 
tion may  be  as  great  as  the  water 
hat  the  steam  cyl- 
inder   indicated    horse-power    will 
the  water  indicated  horse- 
ver.     Tn   large   pumps   the   fric- 
l  may  be  less  than  ten  percent. 
Steam   indicated  hp 

b— If  the  rati Vindicated"  hp 

ailed  R,  then  the  head   in   feet 
'lich  the  pump  can  work 
n+delr  I  will  equal 

»iler  1  '  r<  a  -'cam 

--  Area  Plunger       R. 
Th-  imption    of    small 

steam  pumps  is  often  as  high  as  120 
•earn  indicated  horse- 
per  hour.     In   large  pumps 
it    may    be    as   low    as    40   pounds. 
With  compound  pumps  it  may  be 
2£   pounds  and  with   fly- 
eel  pumps  it  will   go  as  low  as 
21   pounds   non-condensing  and    12 


pounds  condensing,  c — Each  pound 
of  steam  at  125  pounds  pressure 
occupies  3.2  cubic  feet.  If  the  ve- 
locity of  the  steam  in  long  lines  is 
nol  over  100  feet  per  sec.  and  in 
short  lines  is  not  over  150  feet  per 
sec.  there  should  be  no  difficulty 
in  supplying  the  steam.  a.t.k. 

718 — Converter  Operated  as  Syn- 
chronous Motor — Referring  to 
question  643,  July  191 1,  covering 
"operation  of  single-phase  ro- 
tary converter  as  a  synchronous 
motor,"  please  advise  how  the 
converter  could  be  so  operated 
when  the  direct-current  brushes 
are  lifted,  as  recommended  in  the 
answer.  On  a  converter  of  this 
type  separate  field  excitation 
would  hardly  be  used,  so  where 
would  exciting  current  be  ob- 
tained with  the  brushes  lifted? 

D.D.W. 

It  is  of  course  assumed  in  the 
answer  that  a  separate  source  of 
excitation  is  available.  In  fact,  un- 
less the  field  current  were  adjusted 
to  a  value  corresponding  to  ap- 
proximately 100  percent  power- 
factor  the  operation  of  the  con- 
verter as  a  synchronous  motor 
would  be  apt  to  be  unsatisfactory, 
(of  course  depending  upon  the  de- 
n)  if  it  were  attempted  to  use 
the  direct-current  side  as  a  source 
of  exciting  current,  because  the 
variation  of  armature  reaction  with 
changes  in  load  would  tend  to 
cause  decided  fluctuations  of  di- 
rect-current voltage.  f.d.n. 

719 — Static  Condenser  for  Power- 
Factor  Correction — Why  are  not 
condensers  made  up  with  plates 
used  in  raising  power-factor  in- 
stead of  synchronous  motors. 
For  example,  voltage  440;  pow- 
er-factor, 75  percent,  kw  750; 
required  to  raise  power-factor  to 
Ho  percent  or  better.  Why 
>uld  not  a  condenser  made  of 
plates  be  used  and  do  the  work 
as  well  as  a  synchronous  motor? 

F.H.W. 

Undoubtedly  a  plate  conden- 
can  be  made  to  raise  the  pow- 
er-factor of  a  750  kw  circuit  from 
7~  to  80  percent  with  a  voltage  of 
Such  a  piece  of  apparatus, 
however,  would  not  work  as  well 
as    a    synchronous    condenser,    for 
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three  reasons;  first,  the  cost  would 
be  several  times  that  of  the  syn- 
chronous machine;  second,  the 
space  required  would  be  enormous, 
probably  something  in  the  order 
of  [00  feet  square  and  several  feet 
high;  third,  particularly  with  the 
higher  voltages,  the  i-M  and  leakage 
currents  would  involve  losses 
greater  than  for  the  rotating  type. 
Some  work  has  been  done,  in  this 
country  and  abroad,  on  conden- 
sers of  the  electrolytic  type,  but 
considerable  difficulty  has  been  ex- 
perienced with  finding  an  electro- 
lyte to  produce  the  proper  polar- 
ization or  valve  action,  so  that  at 
present  there  is  nothing  commer- 
cially practicable  in  this  direction. 

N.S. 

720  —  Synchronous     vs.     Induction 
Motors     for     Mine     Air     Com- 
pressors— In  a  large  mining  plant 
there. are    four    motor-driven    air 
compressors,  all  running  in  one  lo- 
cality   and    each    of    about    800    hp 
capacity.      The     frequency    of     the 
line  is  about  50  cycles.    Two  of  the 
sets     are     driven     by     synchronous 
motors    at     107    r.p.m. ;     the    other 
two    by    induction    motors    at    104 
r.p.m.     I  understand  the  reason  all 
four  machines  were  not  driven  by 
synchronous  motors  was   that  risk 
of   hunting    was    feared,    since   the 
mechanical        characteristics        are 
identical.    Please  explain  this.    Are 
such  precautions  necessary?      c.b.d. 
If    frequent    starting    of    the    com- 
pressors  is   necessary,   induction   mo- 
tors are  preferable,  but   if  machines 
are  started  only  once  or  twice  a  day, 
synchronous    motors    would   be    suit- 
able.    If  an  unloading  device  is  used 
during    the    starting    of    compressors, 
either     a     self-starting     synchronous 
motor  or  a  synchronous  motor  with 
an  auxiliary  starting  motor  could  be 
used.     The  self-starting  synchronous 
motor  is  capable  of  exerting  a  start- 
ing torque  of  approximately  30  per- 
cent   and    pulling    into    synchronism 
with    a    torque    of    approximately    15 
percent  of  the  normal  rated  load.     If 
a  self-starting   machine   is   used,   the 
starting    current    may    be    twice    the 
normal  full-load  current.     If  a  start- 
ing motor  is  used,  the  starting  cur- 
rent   will    not    exceed    the    full-load 
current.      Provided   the    fly-wheel    of 
the  compressor  is  properly  designed, 
so    as    to    avoid    resonance    troubles 


there  is  no  danger  of  the  synchron- 
ous machine  hunting  if  the  line- 
drop  is  not  excessive  or  there  is 
no  great  variation  in  the  fre- 
quency. Using  induction  motors 
for  half  the  number  of  com- 
pressors would  not  avoid  the  dan- 
ger of  the  synchronous  machines 
falling  out  of  step  if  it  should  hap 
pen  that  the  natural  period  of  oscil- 
lation of  the  motors  coincides  witli 
the  impulses  of  the  compressor,  as 
one  machine  would  drop  out  of 
just  as  easily  as  four.  The  induc- 
tion motor  however  tends  to  elim- 
inate hunting  due  to  irregularities 
in  the  wave  form  or  frequency, 
and  very  often  a  combination  of 
induction  and  synchronous  motors 
will  work  successfully  when  the 
latter  type  alone  would  not  be 
operative.  In  the  case  of  modern 
installations,  where  the  frequency 
and  wave  form  are  regular  and  the 
line  drop  not  excessive,  synchron- 
ous motors  alone  are  used  quite 
successfully.  The  main  disadvan- 
tage of  the  induction  motor  when 
running  at  slow  speeds  is  the 
low  power- factor.  The  efficiency  will 
also  be  lower  than  with  correspond- 
ing synchronous  machines.  On  the 
other  hand  synchronous  motors 
would  require  a  separate  exciting 
plant.  They  can  be  run  at  unity 
power- factor  or  at  a  leading  power- 
factor  to  compensate  for  other  in- 
ductive loads  on  the  line.  w.s. 
721 — Importance  of  Skin  Effect — 
Is  the  skin  effect  in,  for  exam- 
ple, No.  4/0  single  conductor 
stranded  cable  and  larger  an  ap- 
preciable quantity,  i.e.,  does  its 
effect  warrant  using  nothing  lar- 
ger than  No.  4/0  at  2200  volts, 
or  240  volts,  on  the  60  cycle  cir- 
cuit? J.C.B. 
The  skin  effect  is  not  appreci- 
able unless  of  a  cross-section  much 
larger  than  the  size  mentioned. 
For  example,  it  may  be  an  appre- 
ciable factor  in  limiting  the  carry- 
ing capacity  of  large  bus-bars  on 
switchboards  with  the  higher  com- 
mercial frequencies,  such  as  60  cy- 
cles, and  must  be  given  considera- 
tion in  the  design  of  large  capac- 
ity power  transformers  for  elec- 
tric furnace  work  and  the  like  in 
which  relatively  low  secondary 
voltage  is  required,  with  corres- 
pondingly    large     secondary     cur- 
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rents.  In  such  apparatus  thecross- 
tion  oi  the  secondary  conduc- 
apt  to  be  such  that  special 
attention  must  be  given  to  their  rel- 
ative position  in  order  to  minimize 
skin   effect 

722 — Method  of  Inspection  of 
Electric  Car  Compressors — a  — 
Please  advise  to  what  extent  air 
compressors  on  street  railway 
cars  can  be  inspected  from  the 
pit  without  being  removed  from 
the  car.  b — What  is  the  usual  pro- 
cedure in  repairing  a  check  valve 
which  does  not  seat  properly 
and  therefore  tends  to  keep  the 
compressor  constantly  working? 
c — How  often  is  the  packing  in 
brake  cylinders  usually  renewed. 
If  there  are  any  books  in  print 
covering  the  subject  of  "Air 
Brake  Equipment"  I  would  like 
to  learn  about  them.  g.s.w. 

a — The  design  of  suspension 
cradle  is  such  as  to  afford  ready 
access  to  bolts  and  parts  of  the 
compressor  requiring  attention 
while  in  position  under  the  car. 
The  inspection  includes  condition 
of  commutator  and  brushes,  clean- 
ness of  motor,  quantity  and  qual- 
ity of  oil  in  crank  case,  tightness 
of  oil  joints,  wear  in  connecting- 
rod  hearings,  condition  of  strainer 
and  condition  of  valves,  b — Trou- 
ble from  inlet  and  discharge  valves 
enerally  due  to  their  being  held 
their  seat  either  by  burs,  car- 
bonized oil  or  other  foreign  sub- 
stances. To  remedy  this,  remove 
cap  nut  from  cylinder  head,  take 
out  valve  and  clean  valve  and 
guide  of  all  carbonized  oil  or  burs, 
r — It  is  almost  impossible  to  say 
what  the  life  of  packing  leather 
will  be  as  this  will  vary  under  dif- 
ferent railway  and  climate  condi- 
tions. Our  general  recommenda- 
tions for  testing  packing  leathers 
for  leakage  would  be  to  test  at  reg- 
ular three  month  intervals  by  charg- 
ing brake  cylinder  to  50  lbs.  pres- 
sure and  noting  drop  in  pressure 
per  minute.  Leakage  should  not 
exceed  five  lbs.  per  minute.  Should 
this  rate  be  exceeded,  brake  cylin- 
der should  be  dismantled,  and 
packing  leather  and  cylinder  re-lu- 
bricated.      Should    cylinder    again 


fail  to  pass  this  test,  packing  lea- 
ther should  be  renewed.  For  ar- 
ticles on  the  subject  of  "Air  Brake 
Equipments,"  refer  to  The  Eight- 
's ear  Topical  Index  of  the  Journal. 
Instruction  books  and  other  de- 
scriptive literature  may  be  obtained 
on  application  to  various  makers 
of  air  brake  apparatus.  S.W.D. 

723 — Use  of  Clock  on  Switchboard 
— Would  it  affect  a  common 
spring  clock  to  place  it  on  the 
panel  of  a  2  200  volt  switchboard. 
A  potential  transformer  for  the 
instruments  is  on  the  back  of 
the  panel.  Would  the  clock  be 
affected  by  the  magnetism  of  the 
current?  c.e.n. 

A  clock  operated  by  a  main- 
spring but  having  pendulum  es- 
capement would  not  be  affected  by 
a  magnetic  field.  If  a  balance  wheel 
escapement  is  used,  however,  the 
performance  of  the  clock  when 
within  the  influence  of  a  strong 
field  would  be  erratic;  i.e.,  it  would 
lose  or  gain  time  in  an  irregular 
manner.  The  clock  would  not  be 
affected  by  a  potential  transform- 
er nearby,  as  the  transformer  does 
not  set  up  any  appreciable  field 
outside  itself.  A  bus-bar  carrying 
a  heavy  current  close  to  a  clock  of 
the  balance  wheel  escapement  type 
might  have  some  appreciable  in- 
fluence upon  it.  However,  unless 
the  bus-bar  carried  ten-thousand 
amperes  or  more,  it  could  hardly 
be  close  enough  to  a  clock  mount- 
ed on  the  front  of  the  panel  to  af- 
fect it.  H.B.T. 


CORRECTIONS 

In  the  article  on  "The  Operation 
of  Mercury  Rectifiers"  in  the  Feb- 
ruary issue,  page  148,  the  twelfth 
line  from  the  bottom  should  read, 
"Bulbs  are  commonly  guaranteed  for 
500  hours'   use." 

In  the  article  on  "Welfare  Work 
of  a  Large  Manufacturing  Com- 
pany," page  170,  the  first  line  of  the 
sub-title  under  the  illustration  should 
d,  "Complete  information  regard 
ing  some  19000  names  is  systematic- 
ally"; also,  on  page  171,  the  third 
line  should  read,  "are  employed,  and 
on  test  floors,  with  remedies  to  be 
1  in  case  of." 
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PERSONALS 

Mr.  Henry  W.  Pock,  assistant  to  the 
general  manager  of  the  Rochester  Rail- 
way &  Light  Company,  has  been  elected 
vice-president  and  general  manager  of 
the  Schenectady  Illuminating  Company 
and  the  Mohawk  Gas  Company.  Mr. 
Peck  was  formerly  located  in  Pitts- 
burgh in  charge  of  switchboard  work  in 
the  engineering  department  of  the 
W'estinghouse  Electric  &  Mfg.  Com- 
pany.   

Mr.  Frank  H.  Taylor,  formerly  vice- 
president  of  the  Westinghouse  Electric 
&  Mfg.  Company,  is  on  a  short  visit  to 
the  United  States.  Mr.  Taylor  is  now 
director  and  general  manager  of  the 
Lintoype  &  Machine  Company,  Ltd., 
with  offices  at  [88  Fleet  street,  London, 
England. 


Mr.  E.  T.  Penrose,  general  manager 
of  the  Penn  Central  Light  &  Power 
Company,  of  Alto. ma.  Pa.,  and  formerly 
of  the  Philadelphia  office  of  the  West- 
inghouse Electric  &  Mfg.  Company,  has 
resigned  to  accept  the  position  of  elec- 
trical engineer  of  the  Pennsylvania 
Coal  &  Coke  Company. 


Mr.  P.  M.  Lincoln  was  appointed  the 
official  representative  of  the  American 
Institute  of  Electrical  Engineers,  to 
attend  the  celebration  of  the  125th 
anniversary  of  the  University  of  Pitts- 
burgh, held  on  February  27-29. 


Mr.  B.  A.  Behrend  has  been  awarded 
the  John  Scott  Medal  by  the  Franklin 
Institute  for  his  contributions  to  the 
advancement   of  the  electrical   industry. 


Mr.  George  W.  Rousa,  who  for  sev- 
eral years  was  connected  with  the  en- 
gineering department  of  the  General 
Electric  Company,  specializing  in  arc 
lamp  work,  has  recently  become  asso- 
ciated with  the  arc  lamp  division  of 
the  sales  department  of  the  Westing- 
house  Electric  &  Mfg.  Company. 


Mr.  William  G.  Housekeeper,  who 
has  been  for  some  time  engineer  in 
charge  of  mercury  arc  rectifier  work 
for  the  Westinghouse  Lamp  Company 
at  Bloomfield,  X.  J.,  has  resigned. 


Mr.  H.  L.  Dreyfus,  of  the  railway  and 
lighting  department  of  the  Westing- 
house Electric  &  Mfg.  Company  at  East 
Pittsburgh,  has  recently  been  transfer- 
red to  the  New  Orleans  district  office. 


Mr.  V.  \\.  Shear,  of  the  railway  and 
lighting  department  of  the  Westing- 
house Electric  &  Mfg.  Company,  at 
East  Pittsburg,  has  resigned  to  accept 
the  position  of  electrical  engineer  of  the 
Northern  Ohio  Traction  &  Light  Com- 
pany, with  headquarters  at  Akron, 
Ohio. 


Mrs.  A.  A.  Rogers,  formerlv  manager 
of  the  Denver  office  of  The  Westing- 
house Machine  Company,  and  later 
sales  manager  of  its  Chicago  office,  has 
severed  his  connection  with  the  com- 
pany to  accept  the  position  of  general 
manager  of  the  Portales  Irrigation 
Company,   Portales,  New  Mexico. 


Mr.  E.  D.  Kilburn,  of  the  Syracuse 
office  of  the  Westinghouse  Electric  & 
Mfg.  Company,  has  resigned  to  become 
manager  of  the  commercial  department 
of  the  Empire  Gas  &  Electric  Com- 
pany of  Auburn,  Geneva  and  Seneca 
Falls,  N.  Y.,  with  headquarters  in 
Auburn. 


Mr.  Cadwallader  Evans,  Jr.,  superin- 
tendent of  the  H.  W.  Oliver  power 
plant,  Pittsburgh,  Pa.,  has  resigned  to 
become  superintendent  of  mines  and 
plant  of  the  Arcadia  Coal  Company, 
Picton,  Nova  Scotia. 


Mr.  R.  A.  Millar,  formerly  connected 
with  the  New  York  office  of  The  West- 
inghouse Machine  Company,  and  lo- 
cated at  Rochester,  N.  Y.,  has  been 
made  manager  of  the  Philadelphia  office 
to  succeed  Mr.  H.  P.  Childs,  who  re- 
signed to  go  into  business   for  himself. 


_  Mr.  W.  W.  Briggs,  of  the  San  Fran- 
cisco office  of  the  Westinghouse  Elec- 
tric &  Mfg.  Company,  recently  spent 
several  days  at  the  works  at  East  Pitts- 
burgh. 


Mr.  D.  D.  Faris,  connected  with  the 
Chicago  office  of  The  Westinghouse 
Machine  Company  as  salesman,  has 
been  located  at  No.  27  Woodward  ave- 
nue. Detroit,  Mich.,  to  look  after  the 
selling  work  in  that  vicinity. 

The  editorial,  in  the  January  issue  of 
the  Jourxal  by  Mr.  Gano  Dunn, 
president  of  the  American  Institute  of 
Electrical  Engineers,  entitled  "On  the 
Method  of  Nominating  and  Electing 
Officers  in  the  American  Institute  of 
Electrical  Engineers"  is  re-printed  in 
the  Proceedings  of  the  American  Insti- 
tute of  Electric  Engineers  for  February, 
1912. 
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PERSONALS 

Mr    W     B    Wreaks,  manager  of  the 

ie     Westinghouse 
&     V  mpany,    and    Mr. 

5,  district  engineer  of  the 
.   have    resigned   to   take   up 
ngineering  work  in  partner 
i,  with  offices  in  the  Scherer   Bldg., 
.    where    they    arc    equipped    to 
complete     reports,     specifications 
and   estimates    on   electric   light,   power 
Jlway    plants,    and    power    trans- 
appraisals,  reports  on 
ig    conditions,  etc. 

Mr.    W.    C.    Paine,    formerly    of    the 
rmer   engii  departmenl    oi 

Westii  .  Electric  &  Mfg.  Corn- 

Pittsburgh,    is    new    I 
ngineering  department 
the    Allegheny    County    Light    Com- 
- 

Mr.  N.  '"..  Symonds,  for  several  years 

Indian.iii.'li~.     Ind..    as    sales 

ntative  of  The  Westinghouse  Ma 

chine     Company,     has     been     appointed 

manager  of   the  Chicago  office   to 

'    Mr     V  A-   Rogers,  resigned. 


ner  was  attended  by  about  seventy  men 
from    Pittsburgh   and   vicinity,  as  well 

isil    rs      from    New    York.      Talks 
were  given  by  a  number  of  nun  inter- 
,   i  in  the  promotion  of  the  new  Sec 
[Temporary    officers    wore    elected 
follows:     Prof.  II.  S.  Howcr,  of  the 
I      hnical    Schools,    chairman; 
Mr.  li.  S.  Evans,  vice  president;  Mr.  I 
J.     Mundo,    secretary.     The    hoard     of 
managers    is   composed    oi    Mr.    C.    E. 
.veil.  Mr.  W.   Edgar   Keed.  Mr.   K.   R. 
Roberts,  Mr.  W.  M.  Skiff  and  Mr.  P.  S. 
Stewart.      Delegates    from   Cleveland  and 
Newark.  Ohio,  were  present   and  pledged 
support   to   the   newly    formed    Section. 

The  annual  meeting  of  the  American 
-    :iety    for   Testing    Materials   is   to  he 

,|  in   Kew  York  <  ity  on  March  28 
This    meeting   is    held    this   early   in    thfl 
year  on  account  of  the  meeting   in  this 

witrv    in    September    of    the    Interna- 
tional '  Association     for     Testing     Ma 
tcrials. 


Mr     J.     R.     McClain,     who    recently 
com]  the    engineering    apprentice- 

with     the     Westinghouse 
mpany.  at  East   Pitts- 
burg it iy   taken   up   work   with 
the    Rochester    Railway    &    Light    Com- 
pany. 

Mr.     1  R.     Wo  .d.     consulting 

electric-  gfineer,    of    Pittsburgh,    P 

has  accepted  a  n  in  the  electrical 

.rtment   of    the    Berwin-White    Coal 
mpany,  Philadelphia,   Pa. 

Mr.  J.  E.  King  1  n  up  his  posi- 

in   the   industrial    and    power    sales 
artment   of    the   Westinghouse   Elec- 
tric &   Mfg.    Company    to  become   asso- 
ciated     with       the       Nevada-California 
mpany    with    headquarters    at 
Ifield,  Nevada. 

At  a  meeting  on  the  morning  of  Feb- 
ruary  13th   attended  by   Mr.   V.   R.  Lan- 
iident  of  the  Illuminating  En- 
girt iety,    Mr.    P.    R     Millar, 

nd     Mr.     Norman 

'    :beth  and  Mr.  G.  H.  Stickney.  of  the 

New  York  Section,  the   formation   of  a 

Pittsburgh    Section    of    the    Illumin-v 

Engin-  |  ratified  by  the 

■  council  of  the  society.     On  the 

•'  the  same  day.  at  a  dinner  in 

hotel,  the  Pittsburgh  Sec- 

nllv  organized.     The  din- 


The   Wheeler    Condenser   and     Engl 
neering    Company,    of    Carteret,    N.   J., 
have   recently    issued   a    very    instructive 
and   valuable  booklet    of  "Steam  Tables 
for    Condenser    Work."     The     ordinary 
steam  tables  were  not   designed    for  use 
with  high  vacua  such  as  are  encountered 
in    turbine    work.     The   presentation 
p],  t<    1    '  les  \'~x  vacua  as  low  as 
i,,..  along  with  discussion  on  method 
measurements     and     corrections    to    be 
made,  mal        this  publication  a  vain 
one    for    steam    users.     Copies     will    be 
t    on    request   to   engineers    using   or 
proposing  to  use,  condensing  apparatus 


The  Vixen  Tool  Company,  of  5001 
Lancaster  avenue,  Philadelphia,  Pa 
have  gotten  out  a  new  catalogue  oi 
Vixen  Rail  Planers.  This  rail  planer  1! 
portable  device  for  planing  down  rai 
rrugations,  raised  joints,  etc.  Copie 
of  this  catalogue  will  be  sent  on  request 

WANTED. 

Wanted  Bound  Volume  (1904)  c 
The  Electric  Journal.  Will  pay  $7-0' 
Address  No.  551,  care  The  Electri 
Journal,  Pittsburgh,  Pa. 

FOR  SALE. 
New   Bound   Volumes   of   the  Ele 
trie  Journal.     Volumes  1,  2,  3,  4.  5. 
7     8     (No.    8    unbound)    1904-1911 
$28.00,  f.  o.  b.  Buffalo,  N.  Y.    Addre 
No.  550,  Care  of  The  Electric  Journ; 
Pittsburgh,  Pa. 
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An  Opportunity  for  New  Subscribers  to 


The  Electric  Journal 


•fiftOUND  VOLUMES  FOR  lull  are  now  available.  This 
%J»W  volume  is  composed  of  114s  pages  of  valuable  technical 
articles,  with  a  -IS- page  topical  index  covering  all  previous  issues 
and  a  table  of  contents  for  the  year,  all  bound  in  handsome  red 
half-morocco  with  gold  lettering. 

Many  of  those  who  have  only  recently  become  acquainted 

with  the  Journal,  and  are  now  learning,   from  current  issue   the 

intensely  practical  nature  of  its  reading  pages,  will  want  to  secure 

the  benefit  of  back  issues.     The  Boumd  Volumes  of    the  Journal 

furnish  all  of  these  previous  articles  in  permanent,   well-indexed 

form. 

A  few  of  the  articles  in  Volume  VIII  for  1911 
are  given  below: — 

"Notes  on  Factory  Power  Costs" 

"The  Steam  Turbine  for  Future  Work" 

"Fifteen-Hundred  Volt  Railway  Equipments*' 

"The  Incandescent  Lamp  in  Use" 

"The  Effect  of  Starting  Currents  on  Power  Circuits" 

"Grouping  of  Current*  Transformers" 

"Factory  Lighting  Problems" 

"Weight*  and  Equipment*  of  Mine  Locomotives" 

"Polyphase  Induction  Regulator  Windings" 

"Operating  Characteristics  of  Commutating  Pole 
Motors" 

"Power  Requirements  of  a  Steel  Tube  Mill" 

All  volumes  are  shipped  prepaid  to  destination 


Price,  $4.00  per  Volume 


or  with  one  year's  subscription  to  the  Journal  $5.00 
Special  prices  on  orders  for  several  volumes  to  one  address 

The  ELECTRIC  JOURNAL,      -     Pittsburgh,  Pa. 
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THE  REMINGTON  TYPE   BAR 

"The  life  of  the  typewriter  is  the  t\ 

bar"  These  are  the  words  of  Mr.  \Y. 
K  Jenne.  who  from  the  beginning  and 
for  thirty-odd  thereafter  superin- 

I  the  manufacture  of  the  Reming- 
I   is  known  everyw  •  "1  he 

Father  of  the  Writing  Machine."  To 
his  skill  and  inventive  genius  the  pres- 
ent high  development  of  the  writing 
machine  is  largely  due.  and  he  is  pre- 
eminently qualified  to  speak  with  au- 
thority upon  the  mechanics  of  the  sub- 
ject. Well  may  Mr.  Jenne  limit  the  life 
of  a  typewriter  to  the  life  of  it-  type 
bars,  i  m  the  type  bar  comes  the  heav- 
iest strain.  On  the  type  bar  bearing 
falls    the    r  wear.     If    the    type 

bars  are  weak,  the  whole  machine  must 

•  weak  and  short  li 
Therefore,  we  cannot  escape  the  con- 
clusion that  no  typewriter  can  possibly 
>tronger  than  its  type  bars.  Also, 
that  the  machine  with  the  strongest 
type  bars  is  bound  to  be  the  longest 
lived   typewriter. 

The  Remington  is  known  as  the 
longest  lived  and  most  durable  of  all 
typewriters.  Perhaps  the  best  evidence 
•  if  Remington  strength  is  the  Reming- 
ton's reputation  as  the  best  machine  for 
heavy  manifolding.  Manifolding  de- 
mands strength,  surpassing  strength, 
and  the  machine  which  is  the  best  mani- 
folder  is  bound  to  be  the  strongest  writ- 
ing machine. 

Remington  type  bars  are  drop  forged 
and  are  hung  on  broad  p'<7<<t  bearings. 
The  manufacture  of  the  Remington 
type  bar  and  its  assembling  in  the  bear- 
ings involves  thirty-three  distinct  pro- 
cesses. These  two  sentences  tell  in  a 
few  words  the  whole  story  of  Reming- 
ton type  bar  supremacy. 

"Drop  forged"  type  bars!  If  that 
term  "drop  forged"  does  not  convey  a 
distinct  meaning  to  you,  please  consider 

ars  arc  made  'I 
are  dimply  stamped  from  sheet  n. 
on  the  same  principle  randmol 

used  to  cut  out  biscuit     with  the  a 
of  the  baking  powder  can.     Drop  forg- 
ing  d'  mean   cutting;    it    nv 
hammering.     It  i~  a  method  which  liter- 
ally hammers  strength   and  temper   into 
the  bar   in   the  procf  "he   making. 

The    drop     for( 
course,  an  old  Remington  featnr 
it    is   not    an    old    feature    on    a    V; 
Typewriter.      The     Visible     Remington 
-    have    the  :    drop    for 

In  other  words,  they  are 
more  than  visible  writers;  they  are 
Remingtons. 


ANNUAL  CONVENTION.  ELECTRICAL  DE- 
PARTMENT   MANAGERS  AND  SALES- 
MEN. H.  W.  JOHNS-MANVILLE  CO. 

On    February    5th,    there    assembled 

in    tlio    new    Manville    building,    Madison 

avenue  and  Forty-first  street.  New 
York,  over  one  hundred  men  who  had 
arrived  from  all  parts  of  (he  United 
States  and  Canada  to  attend  the  an- 
nual convention  which  flu-  H.  \Y. 
Johns-Manville  Company  hold  for  their 
trical  department  managers  and 
salesmen. 

Mr.  J.  W.  -Perry,  general  electrical 
manager,  called  the  convention  to  order 
and  briefly  outlined  the  purposes  of  the 
meeting.    The     following    papers    wi 

sented  :  "M<  idem  1  lluminatii  in",  by 
W.  II.  Spencer,  illuminating  engineer  of 
I.  P.  Frink  Company,  the  sole  selling 
agency  of  which  has  recently  been  ac- 
quired by  the  II.  W.  I •  'i  1 1 1  ~  Manville 
Co.;  "J-M  Linolite",  by  W.  S.  Kilmer, 
the  company's  illuminating  engineer; 
"J-M  Linolite  Lamps,"  by  Dr.  J.  F. 
Meyer;  "Westinghouse  Lamps",  by 
Norman  Macbeth  and  B.  F.  Fisher;  all 
three  of  these  men  being  connected 
with  the  Westinghouse  Lamp  Co.; 
"J-M   Transite    \  Wood",  by  S. 

A.  Williams,  W.  I).  Ligon.  S.  I'.  Russell 
and  I".  C.  Reilly;  "J-M  Fibre  Conduit", 
by    W.    D.    Ligon    and     YY.    R.    Seigle; 
"Overhead     Line    Material",   by   C.   W. 
nit/,    and    W.    D,   Ligon;   "Electro- 
stos    Insulation     and     Dielectric    Ce- 
ments",   by      J.    R.    McLain  ;     "Friction 
Tapes    and    Splicing    Compound",   by   J. 
W.    IVrry    and     II      M.    Frantz;   "J-M 
otherms  and  Special   Heating  De- 
es",  by  J.    R.    McLain;     "J-M      Air 
I'.rake       Cylinder       Lacking      Expander 
1       1  ge   Christensen  :    "J-M 
I  )r  by      E.      Whitmore ; 

"Lightning    A  .   Trolley   Catchers 

and  R(  ".  by  W.  R.  Garton;  "As- 

for    Electrical    Power 
Plants",  by  L  R.  Hoff. 
Those  attending  the  convention    also 
to   Hartford,   Conn.,   where   meet- 
ings   were   held    at   the    factory   of    the 
.ns-Pratt  Company,  for  which  the  II. 
W.    Johns-Manville    Company   are     sole 
'ing    agents.     Papers    were    read     on 
,ark     I  d      Fuses",     by     R.     C. 

lea ;  "Noark   Service,  Fuse  and   Sub- 
es",   by    D.    C.    Hooker;     "In- 
sulating  Materials   and    Overhead     Line 
Material",    by    Messrs.    A.    G,    Newton, 
P.  P.  Lattin  and  C.  W.  Schultz. 

The  convention  closed  with  a  banquet 
at  the  Hartford  Club  to  the  representa- 
tives present,  by  the  Johns-Pratt  Com- 
pany. 
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ANNOUNCEMENT 

WE  TAKE  PLEASURE  IN  NOTIFYING  OUR  FRIENDS  THAT 
WE  HAVE  ACQUIRED  THE 

SOLE  SELLING  AGENCY 

FOR  THE  ENTIRE  LINE  OF  PRODUCTS  OF 

LP.  FRINK 

(ESTABLISHED    1857)         NEW    YORK 

manufacturer  of  the  famous  "Prink"  reflectors,  reflecting:  chandeliers,  and 
other  litfhtiiikr  specialties. 

The  management  and  personnel  of  I.  P.  Frink  will  remain  the  same  as 
heretofore,  and  the  high  krradeof  "Frink  Products"  willbefullv  maintained. 

I.  P.  Frink  will  manufacture  for  us  the  well-known  J-M' Linolite  Sys- 
tem of  Illumination 

An  Engineering  Department  will  be  maintained  alonur  extensive 
lines,  and  estimates  and  data  will  be  promptly  submitted  on  receipt  of 
plans  and  detailed  information. 

This  arrangement  enables  us  to  successfully  handle  any  problem  in 
ILLUMINATION. 

Let  us  hear  from  you  as  to  your  requirements. 

H.  W.  JOHNS- MANVILLE  (° 

Milwaukee        New  York         Pittsburgh 
Minneapolis     Omaha  San    Francisco 

New  Orleans     Philadelphia     Seattle 

st     I.ouis 

1587 


lUltimorc 

Cleveland 

Indianapolis 

Boston 

Dallas 

Kansas  City 

HntTalo 

Detroit 

tjoa  Angeles 

Chicago 

OPEN  OR  ENCLOSED  FUSES 

Subway  Junction  -  Boxes 

FOR  ANY  SERVICE 

Standard  Underground  Cable  Co. 

Boston  .         _  St.  Louis 

New  York  Pltfchlirah        Pa  Chicago 

Philadelphia  ■  lUaUUrgll,      E  d.  San  Franci3co 


BRENNAN'S    HANDBOOK 

By  B.  A.  BRENNAN,  Contract  Manager  Westinghouse  Machine  Co. 
A  COMPENDIUM  OF 

Useful  Legal  Information  for  Business  Men 

C  The  only  Book  of  the  Kind,  dealing  in  a  concise,  practical  manner  with 
the  important  legal  matters  with  which  every  active  business  man  should  be 
acquainted.     The  book  is  handsomely  bound  in  PnV*a    <t  S   00 

flexible  leather,  pocket  size lllCc    vJ>J.U\J 

In  Combination  with  One  Year's  subscription  to  the  JOURNAL  $5.7S 

for  salijy  The  ELECTRIC  JOURNAL  *&&&!  pa. 
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NEW  BOOKS 

Dis- 

rgcs,  and     Impulses,    and 


Pi 

64    illu 
McGraw-Hill 
tfork     City. 


I 

I 
or  may  be  con 

the   si  his 

ry  and  Calculation 
Phenomei 
ithor    indicates,    "Its   trans 
mathemati  >h." 

•    ken  on  \ 
■  circuits  arc  show  11  in 
tical    curves   to   il" 

The  book  is 
n  lectures,  as  it  is 
a   series  of   lectures   given   at   Ui 
Cbllege;  among  the  headi  re, — sin- 

gly transients  on    direct   and   al- 

ternating-current circ: 
trtf;  line     1  traveling 

the  compound  cir- 
cuit and  the  inductance  and  capacity 


•  »d    Engineering    Literature"— What 
How    to    Write,   with 
•    --nation      on      Allied 
Harwood     Frost.     4^- 
:s,   cloth    5  -   '    inches.      Price 

I  by  the  Chicago  Book 
c  by  The  Electric 
\l. 
The  fa  r  efu!  writing  is  in- 

nate   with    but   a    few.   whence   the   ma- 
■  f   author^  must   acquire  through 
study  and  app'  'he  necessary  abil- 

lulate  ;  '    a  def- 

ct.    in    an    effective    and    in- 
an    ap] 
rid    for 
While 

the 

ther    r'f 

'.een 

Mr.  Fr<  rk  con- 

the 

■   literature. 

•  and 

•  "er- 
■\  part:                     ts  book 

'  im     th'  •  nsic 

:ide  and  a:  vel- 

rds 

Tn       general, 

-^ote3  the  required   funda- 

~iar  and  -rhetoric,   the 

an    ex 

r   treatise,    the 

ke-up  and  publica' 

etc..  together  with 

and   collection    of 


ineering     literature.       It     is     almost 
ne<  •    impress   the   value   of   Mr. 

contribution,    for    use    in    both 
■n  and  choice  of  technical  ma- 
il       The    book    is    published   in    inex- 
pensive   form,    establishing   a    moderate 
ind,     th.  refore,     expanding     its 
availability.  E.  D.  D. 


"Principles  <>f  Industrial  Engineering" 
— Charles  Buxton  Going.  [65  pages. 
6  by  9  inches.  Published  by  McGraw- 
Hill   Book  Company,  New  York  City. 

j  .00. 
The     theme     which     Mr.     Going    has 
taken     up     applies     almost     entirely     ' 
works    management    and     factories     for 
general     manufacturing.     The    book    is 
based   "ii  a   scries  of  lectures  given  by 
the  author   before  the   mechanical   engi- 
neering   students    of    Columbia    Univer 
sity.      The    author    is     well    acquainted 
with  the  essential   elements  of  this   im- 
portant    subject     and.     moreover,     the 
striking   feature  of  this  book   is  its   • 
traordinary    clearness,    which    leads   the 
ler  t"  a  quick  conception  of  the  fun- 
damentals   underlying    sucessful    indus- 
tries.      Well-appointed     chapters     com- 
pensate    for     the     abridgement,    which 
give  a  good   foundation   for  the  station 
engineer    and    manager.      Frequent    dis- 
cussions  of  the   work   of  the   promit 
exponents   of  efheiene  ins  are  in- 

cluded. The  author  reviews  the  devel- 
opment of  industrial  systems;  how  or- 
ganizations arc  established  and  govern- 
ed, and  gives  an  extended  anal)  1  of 
the   element-   of    1  pensi     hurden, 

labor  and  material,  and  the  various  f 
urcs  which  affecl   them,  B.D  n. 


-  Handbook" — Horace  J.  w 
Tenth    edition.      1  902    pages    ( s^xX'/J 
inches).      For    sale   by   'I'm     I- 1  1  ctriC 

•  ■'     I  li.  Pa.     TVice.  .; 

The  Cooper  Handbook,  which  i-  con^ 
sidi  •  tandard  authority  on  the  sub- 

■   of  copper  and  roppcr  mines  for  the 
entire     globe,     di  8  130     copper 

min*  s  and  ropper  mining  companies,  in 
all  part-  of  the  world,  this  being  the 
largest   number   of  ti'  1    listed   by 

any  work  on  mining.     The  descripti 
range    from    tv  three    lines,   jn   ihc 

ad   <-onu>anirs.  wherein   refer- 
ence is  made  to  detailed  descriptions  in 
'    volumes   at  the  period   of  their   ac- 
up    to    twenty-one    pages    in    the 
naconda   Mine.     The  mis- 
rs  of  the  book,  twenty- 
four  in  number,  treat  the  subj' :< '  of  cop- 
from  all  possible  viewpoints,  there 
on  the  history,  chemistry. 
<nir  metallurgy,      brands      and 

brad'-,  alloys  and  substitutes  for  copper, 
h   a  copious  glossary. 
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The  article  in  this  issue  of  the  Journal,  on  the  sub- 
Steam  ject  of  "New  Developments  in  Steam  Turbine  En- 
Turbine        gineering,"  treats  briefly  of  the  historical  develop- 
Development    ment   of   the   turbine,    showing  how    from   year   to 
year  larger  sizes  and  finer  performances  have  been 
reached.     There  is  also  shown  the  broadened  range  of  applications 
under  a  great  variety  of  operating  conditions,  capacities  and  speeds. 
Turbines  are  discussed  which  operate  with  high  pressure  steam, 
low  pressure  steam  and  also  in  conjunction  with  heating  systems. 

The  development  of  the  steam  turbine,  in  all  its  various  forms, 
has  probably  been  more  rapid  than  that  of  any  other  prime  mover 
in  the  history  of  engineering.  This,  really,  is  not  extraordinary, 
and  has  been  due  to  the  condition  of  the  mechanical  arts,  as  devel- 
oped by  others  building  reciprocating  engines.  The  various  de- 
velopments in  steam  turbine  work  have  branched  into  such  a  variety 
of  applications,  that  they  can  be  treated  only  too  briefly  in  any 
single  article  attempting  to  cover  the  whole  ground. 

The  real  economies  of  power  plant  operation,  resulting  from 
the  application  of  modern  steam  turbines,  are  appreciated  by  but 
few  people,  inasmuch  as  they  take  cognizance  only  of  the  fuel  con- 
sumption of  the  plant.  It  is  true  that  steam  consumptions  have 
been  reduced  from,  say,  18  to  20  pounds  per  kilowatt-hour  down  to 
from  13.5  to  14.5  pounds  in  more  or  less  every-day  large  installa- 
tions, which  is  truly  a  substantial  gain.  But  a  greater  gain  comes 
from  the  reduced  first  cost  of  power  plants,  viz.,  a  reduction  from 
about  $120  per  kilowatt  to  approximately  $60,  so  that  when  making 
proper  allowances  for  this  in  the  fixed  charges  against  the  plant,  it 
is  equivalent  to  a  total  reduction  in  the  operating  expense  of  from 
thirty  to  sixty  percent,  including  reduced  power  house  labor  ex- 
pense. 

This  article  is  fairly  replete  with  sectional  drawings,  showing 
the  latest  types  of  turbines,  which  add  greatly  to  its  interest. 

Francis  Hodgkinson 


THE  ELECTRIC  JOURNAL 

High    voltages    are    necessary    for   the   economical 
Weatherproof  transmission  of  large  amounts  of  power  for  con- 
Sub-station    siderable  distances.     The  higher  the  voltage,  how- 
Apparatus     ever,  the  greater  is  the  cost  of  the  transforming, 
switching    and    protective    equipment.     Secondary 
-:ems  of  distribution  are  not  practicable  in  a  great  many  cases, 
■  wing  to   the   distances   separating   the    various   loads.     Anything, 
therefore,  which  tends  to  lessen  the  cost  of  a  sub-station  becomes 
an  added  reason  for  the  installation  of  a  sub-station,  which  might 
otherwise    have    been    commercially    impracticable.     The    develop- 
ment of  transformers  for  out-door  service  for  capacities  greater 
and  for  voltages  higher  than  usually  found   in  distribution  work, 
and  the  development  of  outdoor  switching  and  protective  equip- 
ment has  eliminated  the  one  item  of  greatest  cost  in  the  equip- 
ment of  any  sub-station ;  that  is,  the  cost  of  the  building  proper. 
As  this  item  of  building  is  nearly  as  much  for  a  small  installation 
as  for  a  large  one,  for  a  given  voltage,  it  follows  that  the  small 
and  moderate  capacity  installations  can  show  the  greatest  propor- 
tionate saving  by  the  use  of  the  outdoor  type  apparatus. 

From  a  small  beginning  a  few  years  ago,  there  is  now  a  well- 
recognized  demand  for  transformers  of  the  type  described  in  the 
article  on  "Outdoor  Type  Transformers"  in  this  issue  of  the 
Journal.  The  growth  has  been  steady,  though  not  extremely  rapid. 
A  reason  for  the  rather  slow  increase  in  the  use  of  outdoor  type 
transformers  has  been  a  general  disinclination  to  use  anything  until 
its  worth  has  been  proven.  The  installations  and  the  very  success- 
ful results  obtained  during  the  last  few  years  have  proven  that  the 
outdoor  transformer  is  no  longer  an  experiment. 

The  prime  requisite  of  the  outdoor  transformer  is  simplicity  of 
design  and  a  mechanical  ruggedness  which  will  stand  up  under  all 
service  conditions.  The  present  article  is  particularly  opportune,  for 
at  this  season  of  the  year  the  power  transmission  companies  are  en- 
gaged in  outdoor  construction  work  and  extensions  of  their  systems. 
All  indications  go  to  show  that  the  next  few  years  will  see  a  won- 
derful growth  in  installations  of  the  character  described  by  Mr. 
Lawson.  H.  H.  Rudd 
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Messrs.  Lyford  and  Stovel  have  done  a  notable  ser- 
Power  vice  to  the  engineering  fraternity  in  presenting  the 

Plant  data  contained  in  the  paper  that  they  recently  read 

Costs  before  the   Engineers'   Society  of   Western   Penn- 

sylvania, extracts  from  which  appear  in  this  issue 
of  the  Journal.  Those  who  have  studied  the  matter  of  power 
plant  costs  know  the  difficulties  in  the  way  of  making  any  generali- 
zation in  this  matter.  Therefore,  when  two  such  experienced  and 
conservative  engineeers  as  the  authors  of  this  paper  consent  to 
delve  into  their  vast  store  of  experience  and  crystalize  it  into  the 
data  they  have  given,  the  engineering  fraternity  has  cause  to  be 
appreciative. 

The  final  result  arrived  at  by  these  authors  is  that  a  power 
plant,  of  the  nature  described,  will  cost  somewhere  between  a  mini- 
mum of  approximately  $40  per  kilowatt  and  a  maximum  of  approx- 
imately $80  per  kilowatt.  Between  these  limits,  the  cost  depends 
upon  local  conditions,  character  of  load  factor,  cost  of  fuel  and 
some  other  features  that  may  vary  over  a  considerable  range.  Judg- 
ment on  the  individual  case  must  therefore  fix  the  exact  cost  within 
the  limits  indicated  by  the  authors.  However,  this  judgment  on 
the  individual  case  is  made  rather  easy  of  application  by  placing 
limits  on  each  of  the  items  that  go  to  make  up  a  complete  power 
plant. 

In  reviewing  this  paper,  one  is  impressed  by  the  relatively  low 
cost  per  kilowatt  that  is  finally  arrived  at.  Sixty  dollars  per  kilo- 
watt is  an  approximate  average  between  the  maximum  and  mini- 
mum limits  given  by  the  authors.  Time  was — and  not  many  years 
ago — when  the  average  cost  of  power  plants  was  perhaps  double 
this  figure.  One  of  the  important  reasons  for  this  large  decrease 
in  cost  is  the  fact  that  the  steam  turbine  has  come  into  general  use 
within  the  last  few  years.  This  modification  of  power  plant  prac- 
tice has  brought  with  it  very  much  higher  speeds  and  a  consequent 
use  of  materials  at  a  point  where  the  output  per  pound  is  much 
higher  than  was  possible  with  the  old  reciprocating  units.  To  be 
sure,  the  cost  per  pound  has  gone  up,  but  the  output  per  pound 
has  gone  up  even  more  rapidly  and  a  considerable  net  saving  in 
cost  per  kilowatt  has  resulted. 
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A  complete  record  of  the  work  that  has  been  done 

The  Signifi-    (|urnlg  (]K,  jast  decade  by  governments,  national  and 

cance  ot         international    engineering   societies,    and   individual 

Mandardi-     manufacturers,  in  the  direction  of  standardization 

zation  would  be  such  as  to  touch  upon  practically  every 

phase  of  the  world's  industrial  and  commercial  activities — so  far 

reaching  is  the  influence  of  this  important  element  in  our  every-day 

life.    In  fact,  it  is  surprising  to  find  to  what  extent  those  who  follow 

a  well-ordered  existence  are  given  to  standardization  of  thought 

and  action. 

That  the  establishing  of  standards  is  entirely  consistent  with 
progress,  and  not  only  need  not  interfere  with  healthy  development 
but  may  be  conducive  to  increased  effectiveness,  provided  they  are 
adhered  to  only  to  the  point  of  reasonable  practicality,  is  being 
demonstrated  by  hundreds,  if  not  thousands,  of  industrial  and  man- 
ufacturing concerns  whose  present  efficient  methods  of  production 
— which  are  necessary  to  meet  competition — are  based  primarily 
upon  the  economic  principles  of  standardization.  In  the  develop- 
ment of  new  apparatus  it  is  repeatedly  found  possible  to  save  val- 
uable time  by  specifying  such  standard  detail  parts  as  have  proven 
themselves  satisfactory  in  service.  Not  only  are  the  advantages  of 
such  design  work  felt  in  practically  every  stage  of  the  manufacture 
of  the  apparatus,  but  incidentally  the  more  inexperienced  designer, 
for  example,  is  in  a  certain  measure  given  the  benefit  of  the  experi- 
ence of  many.  A  great  deal  of  development  work  may  thus  be 
based  on  certain  pre-determined  data,  or  empirical  conditions  which 
are  taken  for  granted,  and  attention  given  to  the  primary  features 
of  the  work.  On  the  other  hand,  too  extended  an  application  of  this 
principle  may  lead  to  limitations  of  design.  Thus,  when  a  useful 
invention  is  brought  forth  as  a  result  of  research  which  reverted 
to  some  commonly  disregarded  fundamental  principle  we  are  often 
led  to  exclaim,  "How  simple ;  why  has  no  one  thought  of  that  be- 
fore!" 

It  would  nevertheless  be  difficult  to  gauge  fully  the  benefits, 
both  to  producer  and  user,  of  such  time-saving  information  when  it 
is  so  recorded  as  to  be  conveniently  accessible.  The  value  of  the 
^teel  manufacturer's  handbook  of  standard  sections,  for  example, 
with  its  quantity  of  supplementary  information  and  useful  formulae, 
is  very  obvious.  Corresponding  information  of  like  value  to  those 
concerned  is  issued  in  handbook  form  by  electric  cable  and  wire 
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manufacturers.  Again,  the  benefits  accruing  through  standardization 
of  wiring  methods  and  details,  as  covered  by  the  National  Electrical 
Code  of  the  National  Board  of  Fire  Underwriters  and  the  similar 
instruments  in  effect  in  other  countries,  in  the  matter  of  safeguard- 
ing property  and  preventing  accidents,  is  probably  too  little  realized. 
The  handbooks  of  the  mechanical  engineer,  the  electrical  engineer, 
the  civil  engineer,  the  architect,  the  mining  engineer,  the  metal- 
lurgist and  the  chemist,  all  in  turn  represent  the  results  of  untold 
effort  in  the  collection  of  standard  technical  information  of  common 
utility.  Miscellaneous  handbooks  are  to  be  found  to-day  covering 
practically  every  industry  of  importance;  not  to  mention  the  pub- 
lications compiled  and  issued  by  the  United  States  Bureau  of 
Standards. 

The  brief  historical  outline  of  what  has  thus  far  been  accom- 
plished in  the  matter  of  standardization  through  organized  action, 
which  is  given  in  the  article  on  "Standardization"  by  Mr.  H.  F. 
Chadwick,  in  this  issue  of  the  Journal,  is  of  itself  a  remarkable 
and  significant  record.  In  a  continuation  of  this  article  Mr.  Chad- 
wick will  discuss  the  standard  methods  which  have  been  evolved  in 
a  practical  way  by  a  large  manufacturing  company  in  the  application 
of  the  general  principles  set  forth  in  his  present  discussion.  As  in 
the  case  of  steel  manufacturers  and  the  cable  companies,  the  neces- 
sity of  compiling  some  form  of  standard  book  to  contain  experi- 
mental and  empirical  information  of  a  general  nature,  supplemented 
by  data  pertaining  specifically  to  the  company's  own  products  and 
shop  methods,  became  apparent.  The  description  of  some  typical 
problems  which  were  involved  in  compiling  this  loose-leaf  book — at 
present  a  collection  of  considerably  more  than  three  hundred  pages ; 
the  way  in  which  the  problems  were  solved,  and  the  results  derived 
through  their  successful  solution,  form  an  intensely  interesting  and 
instructive  story  which  is  valuable  to  have  on  record  because  of  the 
applicability  of  the  methods,  in  a  general  way,  to  many  other  in- 
dustries. 

A  notable  illustration  of  the  importance  and  of  the  convenience 
and  utility  of  this  standard  book  and  the  engineering  and  shop 
methods  for  which  it  stands,  is  found  in  the  article  by  Mr.  C.  B. 
Auel,  in  the  Journal  for  October,  191 1,  in  which  he  describes  some 
of  the  steps  in  the  manufacture  of  a  modern  railway  motor.  By 
the  use  of  pin  gauges  machining  is  done  on  motor  parts  in  large 
quantities  and  accurately  checked  to  minimum  allowances  of  from 
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t\\<->  thousandths  to  five  ten-thousandths  inch,  as  the  case  may  re- 
quire. The  necessary  data  for  reference  in  determining  the  allow- 
able arc  through  which  the  pin  gauge  may  swing  in  checking  the 
diameter  of  any  given  bore  is  covered  in  the  standard  book.  This 
is  but  one  type  of  specific  gauging  problem  for  which  complete  rec- 
ords must  be  on  file ;  but  the  case  in  question  is  illustrative  of  what 
is  commonly  being  accomplished  by  present-day  engineering  and 
shop  methods. 

One  of  the  limitations  placed  upon  the  manufacturer  by  lack 
of  standardization,  as  enumerated  in  the  present  article,  is  that  of 
his  being  unable  to  carry  stock  of  finished  product  or  interchange- 
able repair  parts.  This,  of  course,  is  intimately  related  to  cost  of 
production,  an  economic  factor  eventually  of  as  great  importance 
to  the  consumer  as  to  the  producer,  for  it  is  the  consumer  who 
finally  pays  for  overhead  costs,  such  as  for  extra  development  work, 
wasted  material,  expensive  tools  or  the  cost  of  setting  up  special 
work.  Hence  with  a  properly  developed  system  of  standardization 
of  both  design  and  manufacture,  products  are  made  most  econom- 
ically in  quantities.  Primarily,  of  course,  aside  from  the  above 
question  of  cost,  the  idea  in  maintaining  stock  of  apparatus  is  to 
facilitate  delivery.  Concrete  examples  of  modern  methods  of  pro- 
duction are  found  in  the  systems  followed  by  various  prominent  in- 
dustrial corporations  for  the  buying  of  raw  material  and  the  manu- 
facture of  such  apparatus  or  parts  of  apparatus  as  can  thus  be 
made  best  in  quantities,  which  serve  to  indicate  the  close  relation 
betwreen  standardization  and  economy  of  production.  An  ideal 
method  of  operation,  from  the  standpoint  of  monetary  investment, 
is  so  to  regulate  the  ordering  of  materials  to  be  made  up  into  stock 
that,  allowing  for  the  time  required  for  manufacture  in  the  shop,  a 
new  stock  will  begin  to  be  available  when  the  last  of  the  old  stock  is 
shipped ;  that  is,  new  stock  will  be  ordered  when  a  certain  fixed  min- 
imum available  stock  is  reached.  The  quantity  of  raw  material  or- 
dered must  be  determined,  however,  by  many  practical  considera- 
tions. For  example,  the  common  advantage  of  buying  in  large  quan- 
tities, and  producing  in  quantities  certain  items  in  finished  or  semi- 
finished form,  particularly  where  they  require  costly  setting  up  of 
machines  for  their  manufacture,  must  be  kept  in  view.  Market 
prices  may  also  influence  ordering  of  materials,  and  again  it  may  be 
necessary  to  allow  for  delays  in  shipment  of  raw  material  supplies. 
Furthermore,  in  the  shop,  many  factors  must  be  weighed  in  deter- 
mining the  best  engineering  and  manufacturing  policy.     At  best,  a 
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very  large  number  of  different  kinds  and  sizes  of  detail  parts 
must  be  made  when  a  large  variety  of  apparatus  is  manufac- 
tured, and  therefore  the  farther  standardizing  of  detail  parts  can 
be  carried  the  less  complicated  will  be  the  problems  of  design, 
production,  and  carrying  of  stock.  Where,  for  instance,  ten 
different  machines  have  certain  detail  parts  which  can  just  as  well 
be  made  alike  as  otherwise  both  in  dimensions  and  material  and, 
say,  five  hundred  pieces  of  apparatus  of  each  type  are  on  order,  the 
detail  parts  in  question,  if  standardized,  can  be  made  in  lots  of 
five  thousand,  with  perhaps  a  single  setting  up  of  a  complicated  au- 
tomatic machine.  If  in  turn  the  apparatus  as  a  whole  is  of  some 
established  standard  form,  the  principle  may  find  even  broader  ap- 
plication in  effecting  economic  production,  especially  where  it  is 
found  desirable  to  keep  a  considerable  stock  of  finished  or  semi- 
finished parts.  That  these  considerations  find  general  application  in 
industrial  work  will  be  evident  from  a  study  of  the  detail  catalogues 
issued  by  any  of  the  large  manufacturers  of  the  country. 

E.  R.  Spencer 


Since  its  inception,  the  Journal  has  been  fortunate 

New  in  having  associated  with  it  a  number  of  prominent 

Associate      engineers  who  have  acted  in  an  advisory  capacity  as 

Editor  associate   editors.     It  is   now   able  to  announce  a 

further  addition  to  its  staff  in  the  person  of  Mr. 
B.  A.  Behrend,  the  well-known  consulting  engineer,  of  Boston.  Mr. 
Behrend's  long  experience  as  assistant  chief  engineer  of  the  Oerlikon 
Company,  chief  engineer  of  the  Bullock  Electric  Mfg.  Company  of 
Cincinnati,  chief  electrical  engineer  and  consulting  engineer  of  the 
Allis-Chalmers  Company  of  Milwaukee  and  the  Allis-Chalmers-Bul- 
lock  Company  of  Canada,  as  advisory  engineer  of  the  Westinghouse 
Electric  &  Mfg.  Company  of  Pittsburgh,  and  his  further  experience 
in  private  consulting  practice,  as  well  as  the  fact  that  he  is  himself 
a  technical  writer  of  note,  will  be  of  great  value  to  the  Journal, 
which  will  now  be  in  a  position  to  profit  by  his  advice  and  counsel. 


NEW  DEVELOPMENTS  IN  STEAM 
TURBINE  ENGINEERING 

EDWIN  V.  DRliYPUS 

THE  first  mile  stone  of  turbine  progress  was  reached  when 
Parsons  introduced  his  unique  turbine  in  1884,  which  time 
witnessed  the  transition  of  the  steam  turbine  from  the 
tlm  of  virtual  mysticism,  as  these  motors  in  their  primitive  form 
probably  impressed  the  people  of  the  earlier  days,  into  apparatus 
commercial  utility.  Advance  was  naturally  slow,  during  the 
early  period  of  development,  but  notable  headway  was  gained  in 
the  10  to  15  years  following  its  introduction.  The  most  prominent 
1  actor  in  preventing  a  more  general  use  of  the  turbine  was  the  lack 
of  machinery  which  could  utilize  the  power  developed  in  a  practical 
way.  The  turbine,  having  an  inherently  high  speed,  made  the  pro- 
vision of  a  driven  machine  of  corresponding  speed  necessary,  or 
else  connection  through  reducing  gears,  and  inasmuch  as  these 
were  not  available  in  the  infancy  of  the  industry,  turbine  progress 
has  therefore  been  more  or  less  closely  related  with  the  comple- 
mentary electrical  equipment — chiefly  of  the  alternating-current 
type. 

The  first  generator  which  was  driven  by  a  turbine,  was  of  the 
historic  bipolar  design,  operating  at  a  normal  speed  of  18  000  r.p.m. 
and  developing  a  maximum  output  of  six  electrical  horse-power. 
From  this  modest  beginning  the  turbine  was  energetically  pushed, 
and  by  1 889  turbine  units  aggregating  5000  kilowatts  were  installed 
and  operating,  and  by  1894  the  10  000  kilowatt  mark  had  been 
reached.  This  period  witnessed  not  only  the  initial  application  of 
the  turbine  to  marine  work,  but  also  marked  a  beginning  of  the 
broad  highway  of  turbine  progress  leading  down  to  the  present 
day  which  claims  an  aggregate  turbine  capacity  of  25000000 
horse-power  in  actual  service. 

The  developments  have  been  so  far  reaching  during  the  past 
few  years,  that  many  new  mile  stones  have  been  rapidly  passed. 
Thus,  for  instance,  the  range  of  turbine  capacities  has  been  ex- 
tended from  1  to  20000  kilowatts  and  above;  the  low-pressure 
turbine,  the  automatic  bleeder  turbine  and  the  improved  non-con- 
densing turbine  have  been  accorded  wide  application  in  central 
station  work ;  and  in  auxiliary  service  such  as  excitation,  boiler 
feeding  and  condensing  equipment,  the  small  turbine  is  filling  a 
long-felt  need.  The  practical  development  of  the  reduction  gear 
for  high  powers  has  brought  the  turbine  into  the  high  duty  water 
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pumping  field,  and  has  provided  for  the  application  of  large  high 
speed  turbines  to  direct-current  generation,  and  likewise  to  non- 
reversing  rolling  mill  drive.  Thus  it  may  properly  be  said  that  the 
turbine  has  invaded  practically  every  class  of  power  application 
with  the  possible  exception  of  those  cases  requiring  reversing  opera- 
tion, such  as  in  hoisting  and  blooming  mill  work. 

As  a  means  of  reviewing  turbine  development,  Table  I  may 
prove  interesting. 

TABLE  I— PERFORMANCE  OF  PARSONS  TURBO-GENERATORS 

AT  DIFFERENT  EPOCHS* 


Date 

Power 

Steam  per 

Vacuum 

Superheat 

Steam  Pres. 

Kw. 

K\v-hr. 

30"  Bar. 

Deg.  F. 
0 

lb.  per  sq.  in. 

1885 

4 

200 

0 

60 

1888 

75 

50 

0 

0 

100 

1892 

100 

27 

27 

So 

100 

1900 

1250 

18.22 

28.4 

125 

130 

1902 

3000 

1474 

27 

235 

138 

1907-10 

5000 

13.2 

28.8 

120 

200 

From  this  it  will  be  seen  that  the  turbine  came  up  to  the  best 
reciprocating  engine  performance  in  a  comparatively  short  time, 
and  to-day  excels  in  all  important  sizes. 

RANGES  IN   COMMERCIAL  SIZES 

Probably  one  of  the  most  notable  features  of  turbine  progress 
has  been  the  remarkably  short  space  of  time  in  which  its  design 
has  become  feasible  for  both  very  small  and  very  large  powers.  A 
few  years  ago  the  concentration  of  50  000  horse-power  in  a  single 
machine  was  not  considered  seriously  even  by  those  who  are  cus- 
tomarily accredited  as  visionary.  Although  at  the  present  moment, 
no  turbine  has  reached  these  stupendous  proportions,  we  are,  how- 
ever, to-day  observing  the  building  of  units  of  30000  horse-power 
and  the  next  step  to  the  large  size  named  is  now  readily  surmount- 
able. One  may  fully  grasp  the  significance  of  this  advance,  when 
it  is  considered  that  a  30000  horse-power  unit  will  displace  four 
of  the  largest  reciprocating  engines  built,  and  moreover  occupy  but 
25  percent  of  the  floor  space.  It  is  at  once  apparent  that  there  is  a 
large  measure  of  economy  realized  both  in  investment  and  running 
expense.  With  increasing  size  of  turbines  there  is  a  continual  im- 
provement in  economy,  all  conditions  being  favorable. 

The  most  important  factor  in  large  turbines  then,  is  the  ques- 
tion of  mechanical  design.     There  can  be  no  doubt  that  rigorous 


*From  A.  Richardson,  "The  Evolution  of  the  Parsons  Steam  Turbine." 
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demand  is  made  of  the  designer  that  the  essential  details  he  ex- 
ecuted with  every  regard  for  operating  loads  and  stresses.  Several 
different  types  of  large  turbines  are  now  available,  hut  the  preemi- 
nent fitness  of  any  one  will  be  gauged,  of  course,  by  its  relative 
immunity  from  troubles  of  any  moment.  The  drum  type  turbine  has 
much  to  recommend  it  particularly  for  units  of  large  power.  A 
detail  section  of  a  turbine  of  this  construction  is  presented  in  Fig. 
i.  and  which,  as  proportioned,  is  capable  of  developing  20000 
kilowatts  or  30000  horse-power  continuously.  This  represents  the 
double-flow  type,  combining  the  impulse  and  reaction  principles. 
Through  the  division  of  steam  between  the  right  and  left  hand 
elements,  higher  rotative  speeds  have  been  made  possible  with  the 
reduction  in  diameter  of  the  low-pressure  rings.  As  a  result  sub- 
stantial betterment  in  construction  has  been  effected,  and  a  decrease 


FIG.    I — SECTION  THROUGH   20  000   KILOWATT  STEAM   TURBINE 

in  weight  and  dimensions,  ensuring  greater  homogeneity  of  the 
entire  structure.  It  will  be  noted  that  the  unit  is  constituted  entirely 
of  drum  and  blade  rings.  Discs  are  not  employed.  Operation  at 
i  500  r.p.m.  may  appear  somewhat  startling  at  first  when  it  is  consid- 
ered that  some  of  the  early  designs  of  turbines  adopted  speeds  of  750 
r.p.m.  for  units  of  only  2  000  kilowatts  capacity.  Strange  as  it  may 
seem,  although  the  disc  construction  is  capable  of  being  worked  at 
higher  stresses  than  the  drum  type,  the  latter  may  be  constructed  with 
greater  facility  to  comply  with  requirements  of  good  steam  economy 
and  still  possess  the  greater  factor  of  safety.  The  steam  consump- 
tion with  moderate  working  conditions,  (175  lbs.  pres.,  100  degrees 
supht.  and  28  in.  vac.)  would  at  full  load  amount  to  about  13.5  lbs.  per 
kw-hr. 

When  the  very  small  turbines  are  considered  the  problem  is 
of  a  different  order  in  obtaining  maximum  simplicity  with  reason- 
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able  efficiency.  Such  a  turbine  is  comprised  of  a  single  wheel  with 
one  row  of  impulse  blades.  Double  use  of  the  velocity  of  the 
steam  is  effected  through  reversing  chambers,  which  contributes 
toward  higher  efficiencies.  Any  practical  requirement  calling  for 
even  less  power  could  be  inexpensively  provided  for  in  a  turbine  of 
this  type.* 

Between  such  limits  the  variations  in  design  are  quite  marked. 
Single  disc  wheel  construction  is  retained  until  capacities  of  300 
kilowatts  are  reached.  At  this  point,  the  steam  volume  becomes 
sufficient  to  use  reaction  blading  of  economical  proportions.  There 
is  manifestly  a  definite  relation  of  the  leakage  annulus  or  area  over 
the  tips  of  the  blades  to  the  blade  lengths,  which  prohibit  their  use 
commercially  in  smaller  sizes.  On  the  other  hand,  the  percentage 
leakage  loss  greatly  diminishes  with  increase  of  size,  and  the 
economy  is  correspondingly  improved. 

Consequently  there  exists  a  large  variation  in  construction 
depending  upon  both  working  conditions  and  capacities  involved 
and  the  designs  therefore  take  either  the  form  of  a  simple  impulse 
wheel,  or  the  straight  Parsons  construction,  or  else  some  effective 
combination  of  the  two.  For  moderate  sizes,  somewhat  above  and 
below  1  000  kilowatts,  the  straight  Parsons  type,  works  out  most 
advantageously  in  regard  to  economy  and  mechanical  design.  In 
larger  sizes,  there  is  much  gained  from  a  structural  standpoint 
through  the  use  of  the  combined  type,  although  the  efficiency  is 
not  noticeably  affected.  The  condition  is  practically  the  reverse  in 
small  units,  where  the  construction  requirements  cease  to  be  a 
factor  while  the  efficiency  may  be  improved  by  replacement  of  the 
very  short  blades  in  the  high  pressure  section  of  a  Parson  turbine 
by  an  impulse  wheel.  As  the  character  of  the  work  varies  different 
arrangements  may  be  adopted,  and  these  facts  simply  serve  to 
illustrate  that  the  turbine  is  no  longer  circumscribed  by  narrow 
limits,  but  admits  of  wide  flexibility  in  its  application.  Many  of 
the  features  here  described  will  be  observed  in  the  accompanying 
detail  views  of  turbines  built  for  various  purposes. 

SPECIAL     SERVICE 

Under  this  classification,  the  implication  is  that  special  regard 
must  be  paid  to  proportioning  of  the  turbine  with  reference  to  the 
nature  of  the  steam  supply  as  well  as  its  speed  and  the  output  de= 
veloped.    It  is  here  taken  that  the  complete  expansion  of  the  steam 


*This  type  is  described  in  detail  in  the  author's  paper  "Steam  Turbines  for 
Electric  Stations  of  Moderate  Size"  in  the  Journal  for  September,  191 1. 
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from  boiler  pressure  to  the  absolute  vacuum  maintained  represents 
ordinary  practice,  and  would  therefore  require  only  the  regular 
Signs  already  referred  to.  But  there  are  sets  of  conditions  which 
call  for  special  designs  and  which  typify  some  of  the  more  promi- 
nent of  recent  developments  in  the  steam  turbine  art,  as  briefly 
enumerated  below : — 

a — Utilizing  low  steam  pressures,  atmospheric  or  less.* 

b — Operated  strictly  non-condensing,  with  or  without  back 
pressure. 

c — Diverting  part  of  the  steam  from  the  turbine  for  heating 
purposes,  termed  bleeding  operation. 

Low-pressure  turbines  have  now  become  so  well  known  that 
little  mention  of  their  advantages  need  be  made  here.  It  is  possibly 
well,  however,  to  reiterate  the  salient  point  that  they  profitably 
utilize  the  lowest  practical  exhaust  pressures,  where  the  recipro- 
cating engine  would  receive  no  benefit,  direct  or  indirect.  One  of 
the  most  convincing  demonstrations  of  this  quality  of  the  turbine 
is  the  great  many  stations  which  formerly  operated  non-condensing 
piston  engines  on  account  of  inadequate  cooling  water  supply, 
which  are  being  converted  into  condensing  plants  through  the  addi- 
tion of  low-pressure  turbines  and  cooling  towers.  The  engines 
alone  would  not  have  justified  the  cooling  tower  investment.  Im- 
provement is  not  only  to  be  found  in  the  existing  non-condensing 
systems,  but  power  plants  formerly  consisting  of  the  most  modern 
type  of  compound  condensing  reciprocating  units  have  been  able 
to  realize  a  large  betterment  in  economy  by  supplementing  the  en- 
gines with  low-pressure  turbines.  A  concrete  example  will  forcibly 
attest  the  economic  results  attained. 

An  electric  railway  power  station  originally  contained  five 
i  ooo  kilowatt  Corliss  compound  condensing  engines.  A  low- 
pressure  turbine  of  2  500  kw  capacity  was  later  installed.  Con- 
cisely the  improvement  obtaining  is : — 

1 — Plant  capacity  increased  50  percent,  additional  boilers  un- 
necessary. 

2 — Reduction  in  station  operating  force,  15  percent. 

3 — Fuel  saving  22  percent.  The  fuel  is  of  11  000  B.t.u.  value, 
costing  $1.40  per  ton  delivered  and  the  saving  is  equivalent  to  a 
return  of  48  percent  on  the  investment,  or,  in  other  words,  the  new 
installation  would  pay  for  itself  in  two  years  time. 


♦Curiously  the  first  steam  engine  operated  altogether  on  low-pressuTe 
steam  (atmospheric  to  condenser  pressure)  but  this  was  due  to  the  state  of 
the  mechanical  art,  high-pressure  boilers  not  being  available  at  that  time. 
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Besides  these  items,  there  is  economy  effected  in  oil,  supplies 
and  repairs.  Moreover,  this  addition  was  made  at  roughly  one- 
halt  the  cost  that  would  have  been  necessary  to  install  duplicate 
engines.  A  type  of  low-pressure  turbine  which  is  extensively  used, 
also  embodies  the  double-flow  construction,  and  is  very  similar  to 
Fig.  i,  with  the  high-pressure  part,  however,  removed. 

That  part  of  low-pressure  turbine  engineering  which  attracts 
the  greatest  attention,  is  the  variety  of  the  systems  of  governing 
which  have  been  developed  to  secure  satisfactory  elasticity  and 
efficiency  over  a  wide  range.  These  may  be  divided  into  approxi- 
mately six  classes,  and  which  as  given  on  previous  occasions,*  are 
as  follows : — 

a — Without  governor,  electrically  controlled  through  syn- 
chronizing force  of  generators. 

b — Governor  control  with  auxiliary  live  steam  admission. 

c — Electrical  tie  between  turbine  and  belt  engines  through  syn- 
chronous motor. 

d — Automatic  by-passing  of  surplus  low-pressure  steam  to 
condenser. 

e — Use  of  a  reserve  high-pressure  element. 

f — Heat  regenerators,  accumulators  and  storage  systems. 

While  heretofore  the  development  of  the  low-pressure  turbine 
has  centered  mainly  about  the  governing  mechanism,  an  important 
innovation  in  the  mechanical  design  has  been  made  in  the  construc- 
tion of  a  convertible  type  as  shown  in  Fig.  2.  This  is  a  single-flow 
reaction  element  with  provision  for  the  introduction  of  a  high- 
pressure  impulse  wheel  when  operating  conditions  may  demand  it. 
Such  a  type  would  prove  of  great  value  in  the  case  of  abundant  ex- 
haust steam  being  available  at  first,  but  afterwards  being  seriously  re- 
duced by  other  changes  about  the  plant,  full  advantages  of  the  low- 
pressure  feature  may  thereby  be  lost.  By  locating  a  high-pressure 
wheel  as  shown,  the  turbine  may  be  operated  economically  either 
as  a  mixed  pressure  or  independent  high-pressure  unit. 

Much  has  already  been  said  of  the  facility  with  which  low- 
pressure  turbines  may  be  adapted  to  widely  different  requirements. 
There  is  another  feature,  in  combining  it  with  a  given  engine,  worthy 
of  special  comment :  viz.,  that  the  low-pressure  turbine  to  be  se- 
lected need  not  be  confined  to  a  fixed  capacity.  On  the  other 
hand,    there   is   considerable    latitude   practicable    in    the    selection 


*"Various  Phases  of  Low-Pressure  Turbine  Work,"  in  the  Journal  for 
May,  1911. 
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of  the  low-pressure  turbine,  thus  making  possible  different 
overload  capacities  and  light-load  economies  without  greatly  af- 
fecting the  efficiency  of  the  combined  unit  at  rated  output.  With 
these  advantages,  the  size  of  low-pressure  turbine  would  then  be 
influenced  either  entirely  by  present  conditions  or  by  future  re- 
quirements as  regards  the  combined  normal  capacity. 

The  points  to  be  considered  center  primarily  about  the  selec- 
tion of  the  intermediate  pressure  between  the  engine  and  the  turbine 
to  carry  normal  capacity  of  the  turbine.  Obviously  the  higher  this 
pressure  is  set,  the  smaller  the  low-pressure  turbine  frame  for  a 
given  capacity.  On  the  other  hand,  the  lower  the  pressure  taken 
for  normal  conditions,  the  larger  the  low-pressure  turbine  frame 


FIG.    2 — CONVERTIBLE    TYPE    OF    LOW-PRESSURE    TURBINE 

must  be.  Evidently  in  the  first  case  of  a  high  intermediate  pres- 
sure, the  output  from  the  engine  becomes  materially  reduced  and 
maximum  overloads,  which  may  be  carried,  are  likewise  affected. 
This  fact  may  be  best  appreciated  from  Fig.  3,  showing  the  total 
water  characteristics  of  the  high-pressure  engine  when  operated 
in  connection  with  turbines  of  different  sizes.  As  the  back  pres- 
sure on  the  engine  is  lowered,  the  turbine  size  must  increase,  which 
in  addition  to  extending  the  point  of  maximum  economy  of  the  en- 
gine, also  raises  the  capacity  of  the  combined  unit.  The  range  in 
operating  load  should  also  be  considered  since,  where  larger  tur- 
bines are  operated  at  light  loads,  the  economy  may  be  inferior  to 
that  shown  by  the  unit  having  the  smaller  low-pressure  turbines. 
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This  is  due  to  the  fact  that  light  load  losses,  for  fractional  load  op- 
eration of  the  combined  unit,  are  greater  for  the  larger  than  for 
the  smaller  turbine. 

By  working  out  a  definite  case  it  has  been  found  that  where 
the  turbine  size  is  increased  as  above,  the  gain  in  the  engine,  due  to 
lowering  the  back  pressure,  slightly  exceeds  the  loss  in  the  turbine 
element  following  upon  a  decreased  inlet  pressure  and  fractional 
load  operation.  This  is  evident  from  Fig.  3,  showing  results  that 
have  been  worked  up  for  a  28  and  54  by  48  inch  engine,  operating 
with  low-pressure  turbines  ranging  from  500  to  2  000  kilowatts  in 
capacity. 
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FIG.    3 — COMBINED    WATER    RATES    OF    A    GIVEN    ENGINE    AND    LOW-PRESSURE 

TURBINE  WITH   VARYING   LOAD 

Engine  total  water  lines  and  turbine-pressure  steam  flow  lines  to  the 
left.  Steam  consumption  of  combined  unit,  to  the  right.  AjBjQDj  engine 
operating  with  500  kw,  1  000  kw,  1  500  kw  and  2  000  kw  low-pressure  tur- 
bines, respectively. 

For  a  definite  quantity  of  steam  passed  by  the  high-pressure 
engine,  the  output  of  the  latter,  as  determined  by  the  resultant  total 
water  line  when  combined  with  a  turbine  of  the  capacity  under  in- 
vestigation, is  simply  added  to  that  developed  by  the  turbine.  In 
obtaining  the  latter  from  the  total  water  lines,  due  allowance  must 
be  made  for  moisture  in  the  engine  exhaust  and  for  the  pressure 
drop  between  engine  and  turbine,  usually  taken  at  from  one  to  two 
lbs.     The  combined  output  thus  developed  is  compared  with  the 
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total  steam  passed  by  the  high-pressure  unit,  determining  the  com- 
bined economy  curves  on  the  right,  Fig.  3. 

As  will  be  observed,  the  effect  of  turbine  size  upon  overall 
nomy  is,  within  certain  limits,  negligible,  and  may,  therefore,  be 
ignored  where  other  conditions  favor  the  choice  of  a  particular  tur- 
bine capacity.  The  reason  for  this  close  agreement  in  efficiency  is 
quite  plain.  Assuming  an  engine  of  given  size,  there  is,  obviously, 
one  turbine  capacity  that  will  give  the  best  overall  results.  Variation 
either  way  from  this  best  turbine  size,  will  cause  the  engine  per* 
formance  either  to  improve  or  decline,  as  the  case  may  be,  the 
turbine  economy  being  affected  in  the  opposite  direction.  Thus,  for 
a  given  departure  from  the  best  turbine  capacity,  the  improvement 
in  one  element  offsets  the  decline  in  the  performance  of  the  other, 
maintaining  the  net  results  virtually  constant  within  a  fixed  range. 

Large  non-condensing  turbines  have  not  hitherto  been  regarded 
as  competing  with  non-condensing  Corliss  compound  engines,  since 
the  high=pressure  piston  engines  have  performed  very  efficiently. 
Improvements  in  the  design  of  the  turbine  for  non-condensing  work 
have,  for  all  practical  purposes,  overcome  the  advantage  previously 
possessed  by  the  steam  engine.  In  brief,  these  results  have  been 
accomplished  by  increased  speed  ratings  and  better  steam  distribu- 
tions. Tests  made  three  years  ago  on  a  600  kilowatt  non-condensing 
turbine  (obviously  of  the  earlier  design),  proved  the  disparity  be- 
tween its  performance  and  that  of  a  first-class  Corliss  compound 
non-condensing  engine  to  be  less  than  five  percent.  Later  modifi- 
cations have  virtually  placed  the  steam  consumption  of  the  large 
non-condensing  turbine  on  a  parity  with  the  engine ;  and  with  oil, 
supplies,  maintenance  and  investment  in  its  favor,  the  large  non- 
condensing  turbine  should  logically  be  preferred  to  the  reciprocating 
engine.  Reduction  of  internal  windage  losses,  is  imperative  in 
the  non-condensing  turbine,  if  good  efficiencies  are  to  be  realized. 
The  drum  construction  is  known  to  suffer  much  less  loss  than  the 
disc  type,  and  is  therefore  superior.  Paradoxical  as  it  may  appear, 
the  high-pressure  section,  which  is  the  most  inefficient  section  of 
the  complete  expansion  turbine,  becomes  quite  satisfactory  in  the 
non- condensing  unit.  The  explanation  is  simple,  inasmuch  as  the 
quantity  of  steam  flowing  is  doubled  (with  the  available  energy  be- 
ing halved),  so  that  the  ratio  of  leakage  area  or  annulus  to  blade 
height,  is  very  much  more  favorable  to  economy. 

The  advanced  construction  of  large  non-condensing  turbines, 
is  shown  in  detail  in  Fig.  4,  incorporating  many  interesting  im- 
provements  in   working  parts.     The   smaller  non-condensing  tur- 


STEAM  TURBINE  DEVELOPMENTS 


301 


bines  are  not  capable  of  making  quite  so  favorable  a  showing  on  the 
basis  of  heat  efficiency  but,  as  now  well  understood,  the  steam 
economy  in  small  operations  is  not  so  vital  a  factor  as  in  the  case 
of  large  prime  movers. 


FIG.   4 — NON-CONDENSING  REACTION   TURBINE,    I  OOO  KW   CAPACITY 

The  sustained  efficiency  of  the  turbine,  as  compared  with  the 
vagaries  of  the  engine,  needs  no  emphasis,  and  it  is  probable  that 
any  lead  the  engine  may  possess  initially,  will  disappear  unless  the 
engine  is  constantly  groomed  and  cared  for.  The  spindle  of  a  i  ooo 
kilowatt  non-condensing  unit  is  shown  in  Fig.  5. 


Bf Bin  11?  \i'^m- 


FIG.    5 — ROTOR    OF    NON-CONDENSING    REACTION    TURBINE 

In  regard  to  special  applications  of  the  steam  end,  the  design 
of  the  automatic  bleeder  turbine  is  undoubtedly  the  most  unique  of 
recent  developments.  It  is  arranged  to  profitably  serve  a  combina- 
tion of  independently  varying  light  and  heat  loads  which  may  be 
supplied  from  a  single  station.  The  readiness  with  which  the  turbine 
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adapted  to  automatic  bleeding  operation  will  be  appreciated  from 
Fig.  6,  showing  a  section  through  such  a  turbine.   The  departure  from 

ndard  construction  consists  in  the  main,  of  locating  a  diaphragm 
A  between  the  intermediate  and  low-pressure  stages,  the  flow  of 
steam  being  regulated  by  a  gravity  controlled  valve  B.  Live  steam 
is  admitted  at  C  and,  passing  through  the  high-pressure  and  inter- 
mediate sections,  part  is  diverted  to  the  heating  system  through  the 
connection  shown,  the  surplus  passing  through  the  low-pressure  sec- 
tion to  the  condenser.  It  will  be  seen  that  when  the  pressure  in 
the  heating  system  rises  above  any  predetermined  amount,  as  would 
occur  with  a  decreased  heating  load  (according  to  the  counter- 
balancing weight  used),  the  valve  B  will  be  elevated  and  more  of  the 


FIG.    6 — AUTOMATIC    BLEEDER    TURBINE    FOR    COMBINED    ELECTRICAL    AND 

HEATING    LOADS 

-team  will  continue  through  the  low-pressure  section  of  the  turbine, 
developing  there  an  additional  amount  of  work. 

There  are  many  manufacturing  establishments,  and  likewise 
central  power  plants,  where  a  joint  demand  for  heat  (from  low- 
pressure  steam)  and  light  occurs.  With  the  growing  tendency  to 
proportion  the  plant  layout  economically,  and  with  provision  for 
automatic  regulation  for  all  variations  kept  in  view,  the  value  of- 
this  design  will  at  once  be  appreciated.  Presumably  the  importance 
attached  to  this  design  will  become  more  plain  when  we  examine 
the  characteristics  of  the  bleeder  type.  In  addition  to  the  economy 
and  elasticity  of  application,  a  wide  range  in  the  selection  not  only 
of  the  unit  itself,  but  also  of  its  complementary  condenser,  is  readily 
-een.  To  facilitate  a  proper  grasp  of  its  economic  possibilities,  the 
triangular  chart.  Fig.  7,  has  been  developed,  enabling  a  ready  ap- 
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preciation  of  the  relation  between  the  steam  bled,  the  steam  sup- 
ply to  turbine  (otherwise  draft  on  the  boilers)  and  the  quantity 
passed  to  the  condenser  for  a  given  power  load  sustained  by  the 
unit.  These  curves  have  been  plotted  against  brake  horse-power 
on  the  horizontal,  and  weight  of  steam  bled  on  the  vertical  scale. 
The  solid  lines  extending  up  and  to  the  left,  are  lines  of  constant 
steam  supply  and  show  the  increase  of  available  power  with  de- 
creased bleeding.  As  will  be  observed,  this  is  a  straight  line  rela- 
tion within  a  certain  range,  the  power  output  increasing  at  a  con- 
stant rate  as  the  amount  bled  decreases,  cr  what  is  the  same  thing, 


.  FIG.    7 — RELATION    OF    STEAM    DISTRIBUTION    AND    POWER    LOAD    WITH    VARIABLE 
BLEEDING   DEMAND,    AUTOMATIC   BLEEDER   TURBINE 

1  000  kw  automatic  bleeder  turbine,  150  lbs.  dry  and  saturated  steam, 
28  in.  vacuum,  5  lbs.  gauge  bleeder  pressure,  1  500  r.p.m. 

as  the  amount  passing  through  the  low-pressure  stages  increases,  as 
shown  by  the  dotted  lines  extending  up  to  the  right.  It  will  be 
noted  that  as  the  latter  reaches  a  certain  value,  i.  e.,  about  21  500 
lbs.,  the  slope  of  both  the  dotted  and  solid  lines  becomes  steeper, 
and  correspondingly  the  rate  of  increase  of  power  output  is 
diminished.  This  is  due  to  the  opening  of  the  secondary 
overload  valve,  as  the  bleeder  turbine  is  designed  for  a  normal 
bleeding  demand  and  the  low  pressure  stages  accordingly  are  pro- 
portioned to  pass  a  certain  quantity  of  steam.  Therefore,  when 
this  is  exceeded,  the  turbine  output,  while  still  increasing,  does 
not  do  so  at  so  fast  a  rate. 
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To  complete  the  explanation,  a  supplementary  scale.  Fig.  7, 

has  been  added  below  that  of  the  brake  horse  power,  which  gives 

glance  the  total  steam  consumption  of  the  unit  operated  strictly 

ndensing  (a  limiting  condition).     The  other  two  interesting  limits 

are  lines  AB  and  BC.      The  line  AB  gives  total  steam  with  no  work 

developed  in  the  low-pressure  cylinder;  i.  e.,  all  steam  hied  at  the 

particular   load,   and  BC  establishes  the   boundary   for  maximum 

power  which  may  he  developed  when  a  predetermined  amount  of 

am  is  hied.     It  should  be  noted  that  when  all  steam  is  bled,  as 

\vn  by  the  limiting  line  AB,  there  is  a  small  difference  between 

the  total  amount  supplied  and  that  accounted  for  by  the  quantity 

bled.     On  first  thought  it  would  seem  these  should  he  equal,  hut 

owing  to  the  construction  employed,  a  small  portion  of  the  steam 


FIG.    8 — 750    K\V    AUTOMATIC    BLEEDEB    TURBINE 

In-  nal  Harvester  Company,  Springfield,  Ohio 

leal  t  the  packing  into  the  low-pressure  section,  which  explains 

the  apparent  discrepancy. 

A  careful  study  of  the  chart  will  furnish  a  broader  view  of 
bleeder  turbine  characteristics  and  will  considerably  assist  in  the 
choice  of  the  condenser  capacity  best  suited  to  the  particular  set 
of  conditions.  In  the  non-automatic  bleeder  the  performance  could 
not  be  so  clearly  demonstrated  as  the  bleeding  is  not  so  closely  re- 
lated to  the  internal  operation  of  the  turbine.  This  chart  obviously 
applies  only  to  the  capacity  noted  and  for  the  conditions  set  forth. 
Evidently  a  change  takes  place  for  any  variation  in  size  or  nature 
of  operation. 

Similar  conditions  are  undoubtedly  bound  to  arise  in  large  un- 
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dertakings,  and  the  point  in  question  will  manifestly  be  the  feasibil- 
ity of  providing  large  turbines  for  the  purpose.  This  consideration 
has  already  been  given  due  thought,  with  the  result  that  plans  have 
been  prepared  for  accommodating  large  turbines  to  the  work,  and 
a  diagrammatic  illustration  of  the  double-flow  construction  accord- 
ingly arranged  is  shown  in  Fig.  9.  These  simple  illustrations  serve 
to  show  how  fortunately  the  steam  turbine  has  lent  itself  to  the 
inarch  of  the  world's  progress. 

APPLICATION   TO   POWER    HOUSE   AUXILIARIES 

In  the  development  of  the  turbine,  attention  was  first  paid  to 
the  building  of  main  units  where  it  was  perceived  that  the  recipn> 
eating  engine  had  its  limitations.  Evidently  almost  as  many  fac- 
tors commend  the  turbine  for  auxiliary  drive  as  for  the  large  prime 
mover.     They  are,  in  brief,  uniform  rotation,  absence  of  vibration 


Lxhauit 


Bleeder 


Steam  Inlet 


Exhaust 


FIG.    9 — ARRANGEMENT    OF    DOUBLE-FLOW    AUTOMATIC    BLEEDER    TURBINE 

FOR   LARGE   CAPACITIES 

and  shock,  elimination  of  oil  in  the  exhaust,  reduced  floor  space 
and  decreased  maintenance  and  investment  charges.  Consequently 
turbines  are  now  being  successfully  used  to  drive  exciter  sets, 
condenser  air  and  circulating  or  evacuating  pumps,  centrifugal 
boiler  feed  pumps,  and  blowers  for  mechanical  draft. 

Direct-Current  Turbine  Generator  Sets  for  excitation  purposes 
naturally  followed  in  the  wake  of  the  large  alternator,  in  spite  of 
the  fact  that  the  first  turbine  unit  generated  direct  current.  The 
commutator  problem  w-as  the  most  difficult  to  overcome  in  direct- 
current  work,  and  therefore  this  type  has  proceeded  slowly.  While 
this  feature  has  been  completely  solved  in  all  small  sizes,  the  use 
of  the  large,  direct-coupled  generating  unit  is  still  open  to  debate. 
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There  arc  various  types  of  small  turbines,  but  they  are,  in  practi- 
cally every  case,  of  the  impulse  class  since  tbe  reaction  type  does 
lend  itself  commercially  for  small  powers.  Simplicity  being  the 
byword  in  tbe  design  of  small  turbines,  tbe  axial  reentry  principle 
has  been  employed,  the  main  feature  being  tbat  a  single-bladed  wheel 
v  is  required,  multiple  pressure  and  velocity  drop  being  attained 
through  reentry  nozzles  and  passages.  This  construction  has  been 
in  general  use  for  some  time,  and  hence  is  familiar  to  power  plant 
opei 


FIG.     10 — NOZZLE,    WHEEL    AND    REVERSING    PASSAGE,    RE-ENTRY 

TYPE    TURBINE 

In  this  arrangement  relative  changes  in  the  ports,  for  varying 
operating  conditions,  is  carried  out  in  a  most  simple  manner,  either 
by  increasing  or  decreasing  the  nozzle  and  reversing  chamber  areas 
and  angles  according  to  requirements,  one  set  of  castings  thus  being 
applicable  to  a  wide  variation  of  conditions.  This  is  extremely  im- 
portant in  small  sizes  on  account  of  the  greater  possible  range  of 
•rking  pressures,  and  such  characteristics  as  noted  are  necessary  in 


STEAM  TURBINE  DEVELOPMENTS 


307 


order  that  they  may  be  properly  taken  care  of.  The  nozzle  block  and 
reversing  chambers  shown  in  Fig.  10  (a  detail  of  a  50  kw  exciter  set) 
exhibit  the  reentry  principle.  The  complete  unit  is  shown  in  Fig.  11. 
Although  centrifugal  pumps  have  been  used  since  1880  or  pos- 
sibly a  little  earlier  for  working  against  high  heads,  they  came  into 
vogue  in  the  boiler  plant  only  within  the  last  five  years.  Centrifu- 
gal boiler  feeders  might  conveniently  be  operated  by  electric  motors, 
but  the  usual  demand  for  exhaust  steam  for  feed  water  heating 
requires  that  they  be  steam  driven,  hence  the  direct=coupled  turbine 
unit.  Owing  to  the  relation  of  capacity,  pressure  and  impeller  di- 
ameter, the  centrifugal  pump  is  not  suited  to  small  capacities  and 
high  head,  and  this  design  may  therefore  be  employed  only  in  plants 

1 


FIG.    II — IOO   KW,   DIRECT-CURRENT  GENERATOR   DRIVEN   BY   RE-ENTRY   TYPE  TURBINE 

exceeding  2  500  boiler  horse-power.  Ordinarily  in  a  steam  turbine  a 
stage  is  provided  to  create  50  to  70  lbs.  pressure.  Consequently  in 
the  neighborhood  of  175  lbs.  gauge  pressure,  a  three-stage  unit  is 
required.  A  sectional  exhibit  of  a  three-stage  pump  and  the  driving 
turbine,  is  shown  in  Fig.  12  which  displays  fundamental  simplicity 
in  contrast  with  the  multi-deck  valve  plunger  pump.  Difficulty  with 
valve  packing  and  of  close  governing  has  been  obviated  in  this  type. 
There  is  no  definite  way  of  comparing  efficiencies,  but  it  is  reason- 
able to  assert  that  where  the  centrifugal  pump  is  operated  beyond 
two-thirds  of  its  rated  load,  it  should  excel  in  efficiency.  Actual  ex- 
perience with  the  two  types  of  boiler  feeders  should  be  a  criterion 
by  which  to  correctly  judge  them.     One  operator  who  installed  the 
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centrifugal  type  of  apparatus  in  [906, has  expended  practically  noth- 
ing so  far  for  repairs.  Another  more  comprehensive  analysis  is  fur- 
nished by  the  following,  which  is  in  answer  to  an  inquiry  addressed 


FIG.      12 — TURBINE     DIRF.CT-CONNECTED     TO     THREE-STAGE     HIGH-PRESSURE 

CENTRIFUGAL   PUMP 


FIG.     1.3 — TURBINE-DRIVEN    CENTRIFUGAL    BOILER    FEED    PUMP 

to  a  large  central  station  operating  both  centrifugal  and  reciprocating 

boiler  feeders : 

"The  repairs  on  the  turbine-driven  centrifugal  feed  pump  installed  in 
1906,  have  been  $800  for  new  babbitts.     It  has  been  in  constant  operation. 
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and  the  throttle  has  been  closed  only  two  or  three  times,  the  total  stoppage 
amounting  to  less  than  three  hours  in  two  years  or  more. 

"The    repairs    on    two    outside    packed    plunger    pumps    have    averaged 
$376.58  for  the  past  three  years.     They  now  need  extensive  repairs. 

"The  engineers  in  the  station  have  developed  a  dislike  for  plunger 
pumps  due  solely  to  the  Tecord  made  by  the  turbine-driven  centrifugal  pump 
in  our  station.  The  principal  items  on  the  repair  account  of  the  plunger 
type  of  pump,  are  packing  boxes,  new  valve  parts  and  machine  work  on 
old  valve  parts.  We  find  that  the  four  boxes  on  each  pump  have  to  be  packed 
about  five  times  each  year  at  a  cost  of  about  $10  each.  This  makes  an  item 
of  $200  for  packing  alone,  or  $400  for  both  pumps.  You,  of  course,  under- 
stand that  the  pumps  have  to  be  lu- 
bricated and  as  it  is  our  practice 
not  to  let  any  greasy  exhaust  get 
into  our  feed  water,  all  the  exhaust 
from  these  pumps  is  put  through  a 
closed  heater.  With  the  turbine- 
driven  pump,  there  is  no  oil  in  the 
exhaust,  and  this  we  put  into  an 
open  heater,  thereby  making  consid- 
erable saving  over  the  operation  of 
the  plunger  type,  even  if  we  admit 
that  both  types  take  the  same 
amount  of  steam.  It  is  oui  opinion 
that  the  turbine-driven  pump  takes 
considerably  less  steam  for  the  same 
service,  but  we  have  made  no  tests 
and  have  no  figures  of  our  own  to 
substantiate  this.  Roughly,  I  would 
say  that  the  turbine  took  4/10  as 
much  steam  as  the  plunger  pumps 
for  the  same  duty." 

An  installation  view  of  the 
type  of  pump  above  discussed  is 
given  in  Fig.   13. 

A  turbine-driven  vacuum  air 
pump  evidently  involves  the  most, 
radical  departure  from  preceding 
power  plant  practice.  An  air 
pump  employing  water  jets  or 
sheets  to  eject  or  evacuate  the  air 
from  the  condenser,  was  invented  by  M.  Leblanc,  and  is  capable  of 
being  operated  at  the  high  speeds  suitable  for  direct  connection  to 
small  turbines.  The  principle  is  simple.  An  impeller,  Fig.  14,  with 
shallow  blades,  imparts  a  high  velocity  to  sheets  of  water  collected 
in  passing  the  nozzle  N,  and  which,  ejected  into  the  air  passage, 
entrap  layers  of  air.  By  means  of  a  diffuser,  its  velocity  is  trans- 
formed into  pressure,  forcing  the  mixture  of  air  and  water  out 
against  atmospheric  pressure,  or  a  somewhat  greater  head,  as  the 
case  may  demand.  The  advantages  of  this  type  are  quite  plain. 
We  again  evade  the  necessity  of  closely  fitting  parts  and  rubbing  sur- 


FIG.  14 — SECTION  THROUGH  LEBLANC 
AIR  PUMP,  SHOWING  ACTION  OF 
WATER   PISTONS 
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:es,  requiring  lubrication  and  frequent  adjustment  and  the  sep- 
aration oi  the  oil  from  the  exhaust  steam  where  used  in  connection 
with  an  open  heater.  As  there  are  no  reversals  in  operation,  the 
harmful  effect  of  clearances  in  the  reciprocating  air  pump  is  avoid- 
ed and  a  low  absolute  back  pressure  may  be  maintained.  The  oper- 
ating characteristics  of  the  Leblanc  and  the  reciprocating  air  pumps 
are  divergent,  which  may  be  best  illustrated  in  the  manner  shown 
in  Fig.  15.  determined  from  actual  test.  Above  the  line  AA,  the 
Leblanc  pump  would  always  be  superior  to  the  reciprocating  pump, 
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FIG.    15 — CURVES    SHOWING   COMPARISON    OF   AIR   RKMOVED   BY 
:\"G   AIK    PUMP    AND   LEBLANC    AIR   PUMP 

even  if  its  power  consumption  were  in  excess.  If  the  latter  were 
identical  in  the  two  cases,  the  Leblanc  pump  would  always  be 
more  efficient  when  working  in  the  region  above  BB,  and  inferior 
below  BB.  The  conditions  for  high  vacuum  service  are  generally 
such  that  the  air  tensions  to  be  maintained  are  above  BB,  so  that 
the  question  of  power  consumption  is  therefore  not  the  final  cri- 
terion. The  question  of  air  tension  maintained,  must  also  be  con- 
sidered. 
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Where  condensers  are  used  with  steam  turbines,  the  one-half 
inch  lower  air  tension  which  would  be  secured  with  the  Leblanc 
pump,  would  result  in  a  decrease  of  two  percent  or  more  in  the 
steam  consumption  of  the  turbine.     This  (considered  together  with 


FIG.   l6 — SECTIONAL   VIEWS   OF  TURBINE-DRIVEN   AIR  AND   HOT  WELL  PUMPS 


the  use  of  the  auxiliary  exhaust  in  the  feed  water  heater)  may 
closely  compensate  for  the  whole  power  consumption  of  the  con- 
denser. 


FIG.    iy — COMPLETE  UNIT,  TURBINE-DRIVEN   AIR  AND  HOT  WELL  PUMPS 

The  general  conclusion  to  be  drawn  from  both  theory  and 
practice,  is  that  for  high  vacuum  performances,  the  Leblanc  pump, 
on  account  of  the  characteristics  shown  in  Fig.  15,  in  nearly  all 
cases  will  show  a  net  saving  in  plant  economy,  either  by  giving  a 
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hotter  vacuum  for  the  same  power  as  would  be  required  by  a  re- 
ciprocating pump,  or  by  the  reduced  air  tension  in  the  condenser, 
making  it  unnecessary  to  circulate  as  much  cooling  water  to  main- 
tain the  same  vacuum. 

As  an  illustration,  it  is  of  interest  to  review  the  facts  brought 
out  in  a  recent  installation  of  a  surface  condenser  plant  equipped 
with  a  Leblanc  air  pump.  In  this  particular  plant,  high  vacuum 
was   desirable   as   the  condensers   were   used   in   conjunction   with 


FIG.    l8 — TURBINE-DRIVEN    LEBLANC   JET   CONDENSER 

Showing  a  compact  arrangement  of  air  and  water  pumps 

steam  turbines.  The  reciprocating  air  pumps  were  giving  fairly 
good  results,  but  were  not  quite  large  enough,  and  it  was  decided 
to  install  greater  pumping  capacity,  either  by  putting  on  larger 
air  cylinders,  purchasing  a  new  reciprocating  pump,  or-  installing 
a  Leblanc  air  pump.  The  Leblanc  air  pump  for  this  work,  while 
requiring  40  percent  more  power,  had  a  capacity  substantially  the 
same  as  the  reciprocating  pump  for  a  vacuum  of  approximately  28 
inches  of  mercury,  but  with  29  inches  of   vacuum,  its  volumetric 
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capacity  was  practically  three  times  that  of  the  reciprocating  pump, 
characteristically  brought  out  in  Fig.  15.  The  net  result  was  that 
the  Leblanc  pump  enabled  the  maintenance  of  one-half  of  an  inch 
better  vacuum  under  winter  conditions,  so  that  the  bettering  of 
the  economy  of  the  prime  mover  far  offsets  the  slightly  increased 
power  consumption  of  the  Leblanc  air  pump  over  that  required  by 
the  reciprocating  pump. 

The  unit  shown  in  Fig.   16  has  a  hot-well  pump  attached,  as 
would  be  employed  in  surface  condenser  work,  or  without  the  hot- 
well  pump  for  barometric  condensers.     The  compactness  and  sim- 
plicity of  the  assembled  outfit  is  evident  from  Fig.    17.     Hereto- 
fore the  Leblanc  air  pump 
«tt  t  TJLJLJLiT%  has  been  more  commonly 

employed  with  low-level 
jet  condensers,  Fig.  18 
showing  an  improved  type 
especially  designed  to  em- 
body this  principle.  This 
equipment  may  be  placed 
beneath  the  turbine,  and 
thereby  occupies  no  space 
outside  of  the  boundary 
of  the  turbine  proper, 
as  the  layout  appended 
shows.  A  complete  jet 
condenser  and  auxiliaries 
ready  for  installation,  is 
given  in  Fig.  19. 

Mechanical  draft  has 
not  in  the  past  met  with 

FIG.    19 — LEBLANC   CONDENSER   AND   AUXILIARIES  •  ,     ,  r  ,       ., 

universal  favor  for  boiler 
plant  operation.  A  new  condition  is  rapidly  coming  to  the 
fore,  manifesting  itself  in  the  nature  of  forcing  boilers  to  double, 
and  even  treble  their  accustomed  ratings  to  accommodate  peak 
loads  and  still  maintain  good  efficiencies  in  the  boiler  house 
during  the  hours  of  light  load  on  the  plant.  High  rates  of 
driving  boilers  require  forced  draft.  In  the  main,  large  "paddle- 
wheel"  fans  driven  by  small,  high-speed  engines,  have  been 
used  in  this  service.  The  same  trend  which  has  influenced  the  re- 
placement of  the  reciprocating  engine  in  other  classes  of  auxiliary 
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work,  has  already  boon  observed  in  blower  operation.  On  top  of 
the  other  common  advantages  of  the  turbine  which  have  been  noted 
before,  the  shaking  and  racking  of  the  blower  casing,  ducts  and  sup- 
ports, is  removed.  The  blower  in  its  old  form  proves  itself  deficient 
nnection  with  the  turbine  in  the  present  state  of  the  art.  A 
shallow  blade  construction  with  guide  vanes  for  low-pressure  work 

(as  shown  in  the  upper 
part  of  Fig.  20),  propels 
the  air  with  the  least 
losses    and     power    con- 

s 

sumption.  The  vertical 
type  is  exhibited  to  indi- 
cate the  flexibility  of  the 
turbine  application.  This 
specific  design  has  been 
prepared  for  use  aboard 
United  States  Torpedo 
Boat  Destroyers  for  forc- 
ing air  under  pressure 
into  the  boiler  room.  A 
down  draft  duct  from 
the  deck  connects  with 
the  blower  intake,  and 
the  discharge  is  made  di- 
rectly into  the  room. 
Fir;.   20 — turbine-driven   blower  '  'lc   turbine    in   tins    po- 

Special  vertical  reentry  design   for  use  on      sition    is    most    accessible, 
shipboard.  and  it  is  also  evident  that 

this  arrangement  requires  but  a  minimum  of  duct  length  and  bends. 
In  a  similar  way  some  special  problems  in  land  practice  may  arise 
which  may  be  met  by  a  corresponding  design,  although  with  the 
latitude  permitted  in  power  plants,  a  more  standard  construction 
will  unquestionably  be  adopted. 

(To  be  continued.) 


STANDARDIZATION 

H.   F.  CHADWICK 

A  STANDARD,  according  to  Webster's  International  Dic- 
tionary, is  "that  which  is  established  as  a  rule  or  model 
by  authority,  custom  or  general  consent."  Standardiza- 
tion is  a  comparatively  recent  word,  except  in  its  application  to 
chemistry.  One  of  the  best  definitions  is  "the  study  and  recog- 
nition of  standard  forms  and  qualities."  There  is,  of  course,  noth- 
rng  new  in  the  idea.  We  have  standards  in  literature  and  art,  so 
that  a  book  or  painting  which  is  of  an  acknowledged  high  quality 
is  known  as  a  classic.  Again,  in  chemistry  and  medicine  we  have 
various  standard  compounds,  and  no  one  can  question  that  enor- 
mous benefits  have  resulted  to  society  from  such  adoption  of  stand- 
ards. Again,  consider  the  standards  for  weights  and  measures;  no 
commerce  or  progress  can  be  imagined  without  such  systematiza- 
tion  of  what  is  meant  between  man  and  man. 

Standardization  improves  ease,  economy  and  expedition  of  pro- 
duction. When  engineering  products  were  almost  entirely  the 
result  of  manual  labor  it  was  not  of  very  great  importance  what 
dimensions  were  prescribed,  as  it  was  as  easy  and  economical  to 
forge  one  particular  size  of  simple  forging  as  another;  but  with 
the  advent  of  machinery,  whether  rolling  mills  for  producing  rails 
or  sections,  or  automatic  machines  for  producing  screws,  the 
maintenance  of  one  particular  type  or  pattern  gradually  came  to 
be  of  almost  paramount  importance.  More  and  more  capital  was 
being  invested  in  machinery  and  plant,  and  it  was  increasingly 
important  to  the  owners  that  such  plants  should  be  worked  as 
continuously  as  possible  at  maximum  efficiency,  and  with  the  least 
amount  of  departure  from  the  particular  sizes  or  shapes  which 
such   machines   were   designed   to   produce. 

Practically  all  manufacturing  concerns  have  found  that  they 
have  designed  many  parts  varying  in  unimportant  details,  largely 
because  engineers  and  draftsmen  had  no  standards  to  guide  them, 
so  that  the  list  grew  automatically  without  thought  or  benefit. 
Specifications  of  material  were  found  to  differ  only  in  unimpor- 
tant and  trivial  details.  Some  of  the  results  of  lack  of  system 
were : — 

i — Unnecessary  cost  due  to  cost  of  tools  and  expense  of  con- 
stantly changing  them  for  different  orders. 

2 — Delay  in  production  due  to  making  new  tools  or  changing 
them. 
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3 — Impossibility  of  carrying  stock. 

Standardization  has  liad  a  very  appreciable  effect  on  the  cost 
production.  For  ordinary  commercial  products,  especially  for 
details  in  common  use  and  part  manufactured  products,  cost  of 
production  is  a  primary  consideration,  and  the  greatest  economy 
is  realizable  if  all  users  and  manufacturers  can  agree  to  accept 
the  same  standards  of  size  and  quality.  It  is  found  in  practically 
all  cases  where  standardization  has  been  effectual  that,  after 
elimination  of  the  initial  cost  of  drawings  and  patterns,  the  manu- 
facturing costs  have  shown  a  decided  reduction;  and  it  is  a  notice- 
able fact  that,  in  cases  where  standardization  has  been  adopted 
and  departures  therefrom  subsequently  made,  the  labor  cost  has 
been  found  to  be  considerably  greater,  even  after  deducting  the 
cost  of  the  new  drawings  and  patterns. 

There  has  been  some  opposition  to  standardization,  the  fear 
being  expressed  that  it  would  discourage  individuality  of  design, 
and  that  there  might  be  a  tendency  toward  the  stereotyping  of 
forms  which  ought  to  be  varied  to  meet  requirements  as  they 
might  arise. 

In  this  connection,  Mr.  Chas.  F.  Scott  says : — 
"As  a  foreign  engineer  expressed  it  to  me,  the  engineer  in  his  country 
was  somewhat  of  an  artist.  He  wanted  to  build  up  a  new  plant  according 
to  his  own  ideas.  If  he  simply  followed  somebody  else  there  was  nothing 
individual  in  his  effort,  any  more  than  an  artist  would  deserve  merit  if  he 
simply  copied  someone  else's  pictures.  He  wanted  to  build  up  a  new  sys- 
tem, and  if  he  could  find  a  voltage  or  a  frequency  that  was  a  little  better 
adapted  to  his  particular  plan,  according  to  his  opinion,  why  that  was  un- 
doubtedly the  thing  to  use." 

The  individuals  who  express  these  fears  overlook  the  fact 
that  usually  standardization  does  not  affect  assembled  parts,  in 
which  the  individual  mind  has  as  full  play  as  ever.  It  has  not 
been  and  should  not  be  the  policy  to  adopt  standards  once  for  all ; 
it  is  recognized  that  new  forms  must  be  added  and  modifications 
in  design  made  from  time  to  time  as  they  are  shown  to  be  proper 
and  desirable.  Provided  standardization  is  not  effected  too  soon 
or  adhered  to  too  tenaciously,  the  advantages  decidedly  overbal- 
ance the  disadvantages.  It  must  always  be  remc  nbered,  however, 
that,  while  the  economic  advantages  of  standardization  of  par- 
ticular products  of  manufacture  are  obvious  and  immediate,  the 
evils  of  stereotyping  practice  and  interfering  with  improvement 
become  apparent  only  gradually. 
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A  general  standardization  is  possible  in  three  classes  of 
cases : — 

i — There  can  be  a  limitation  of  the  number  of  forms  and 
dimensions  of  the  simpler  elements  of  structures  or  machines,  still 
allowing  sufficient  latitude  of  design  to  meet  all  ordinary  require- 
ments 

2 — There  can  be  standardization  in  the  sense  of  fixing  those 
physical  properties  and  qualities  of  materials  of  construction 
which  by  general  experience  have  proved  best  in  practice,  and  in 
specifying  the  tests  and  regulations  for  inspection  which  users  of 
material  may  demand  before  acceptance.  It  obviously  simplifies 
the  operations  of  manufacturers  if  goods  can  be  ordered  to  a 
standard  specification  instead  of  to  discrepant  specifications  pre- 
pared by  different  engineers. 

3 — Lastly,  in  the  case  of  some  largely  used  machines,  it  is 
possible  to  lay  down  general  standard  regulations  as  to  design  and 
accuracy  of  workmanship,  which  will  enable  manufacturers  to 
foresee  the  demands  which  they  will  have  to  supply. 

HISTORICAL 

Sir  Joseph  \\ 'hitworth  in  1841  made  a  notable  step  with  his 
standards  of  screw  threads.  Very  little  more  was  done  for  sixty 
years.  Early  in  the  history  of  the  United  States  Government, 
provision  was  made  for  the  adoption  of  suitable  standards  of 
length,  mass  and  capacity.  The  Treasury  Department,  which  had 
charge  of  the  work,  in  providing  copies  of  these  standards  for  the 
several  states,  through  the  Office  of  Weights  and  Measures,  was 
also  obliged  to  go  into  the  matter  of  thermometric  standards.  But 
beyond  this  limited  scope  of  the  government's  activities,  nothing 
further  was  done  up  to  a  comparatively  recent  time.  The  Office 
of  Weights  and  Measures,  during  the  last  years  of  its  existence 
(at  the  time  of  the  beginning  of  the  electrical  industries),  began 
to  equip  itself  for  the  testing  of  electrical  standards,  especially  of 
resistance  and  e.m.f.  The  gigantic  growth  of  scientific,  manufac- 
turing and  commercial  interests,  requiring  the  substitution  of  exact 
for  rule-of-thumb  measurements  and  the  introduction  of  inter- 
changeable methods  in  manufacturing,  revealed  the  poverty  of 
standardizing  facilities  that  existed  in  this  country.  The  need  of 
the  establishment  of  a  National  Bureau  of  Standards  was  agitated, 
and  on  March  3,  1901,  the  Congress  appropriated  funds  for  the 
construction  and  equipment  of  laboratories  and  the  maintenance  of 
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a  scientific  staff.  The  Bureau  of  Standards  was  accordingly 
created  on  July  i,  1901,  as  a  branch  of  the  Department  of  Com- 
merce and  Labor.  The  following  extract  from  Bureau  Circular 
No.  6,  dated  February  20,  1906,  explains  the  scope  of  the  work  of 
the  department : — 

"The  Bureau  will  furnish  such  information  concerning  standards,  meth- 
ods of  measurement,  physical  constants,  and  the  properties  of  materials,  as 
may  be  at  its  disposal,  and  is  authorized  to  exercise  its  functions  for  the 
government  of  the  United  States,  for  state  or  municipal  governments 
within  the  United  States,  for  scientific  societies,  educational  institutions, 
fitms,  corporations  or  individuals  engaged  in  manufacturing  or  other  pur- 
suits requiring  the  use  of  standards  or  standard  measuring  instruments. 
For  all  comparisons,  calibrations,  tests  or  investigations  except  for  those 
performed  for  the  government  of  the  United  States  or  state  governments, 
a  reasonable  fee  will  be  charged." 

The  papers  and  circulars  issued  by  the  Bureau  cover  a  wide 
range  of  subjects  in  the  field  of  physical  measurements  and  have 
been  of  great  value  to  the  scientific  world. 

The  American  Society  of  Mechanical  Engineers  was  probably 
the  first  engineering  society  in  the  United  States  to  recognize  the 
value  of  standards,  for  in  December,  1886,  they  adopted  a  standard 
for  pipe  and  pipe  threads.  Since  that  time  they  have  issued  many 
important  standards.* 

The  American  Institute  of  Electrical  Engineers  has  also  been 
active  along  standardization  lines.  On  January  26,  1898,  there 
was  a  topical  discussion  at  New  York  and  Chicago  on  the  subject, 
"The  Standardization  of  Generators,  Motors  and  Transformers." 


*The  principal  ones  are  as  follows : 
December,  1892.     Standard  Flanges. 


August,  1893 

December,  1899 

December,  1901 

December,  1901 


Standard  Methods  of  Conducting  Locomotive  Tests. 
Standard  Method  of  Conducting  Steam  Boiler  Trials. 
Standard  Pipe  Unions. 
Standardization  of  Engines  and  Dynamos. 
1 — The  standard  sizes  of  units   recommended. 
2 — The  corresponding  revolutions  per  minute  for  these  units. 
3 — The  sizes  of  shafts  for  the  two  classes  of  centre-crank  and  side- 
crank  engines. 
4 — The  length  along  the  shaft  required  for  the  generator. 
5 — The  height  of  axis  of  shaft  over  top  of  sub-base. 
6 — The  width  of  top  of  sub-base. 
7 — Armature  fit. 

8 — Overload  capacity  of  engines  and  generators. 
9 — Brush  holders. 

10 — Holding-down  bolts,  keys  and  outboard  bearings. 
December,  1902.     Standard  System  of  Testing  Engines. 
December,  1903.     Specifications  for  Boiler  Plate,  Rivet  Steel,  Steel  Cast- 
ings and  Steel  Forgings. 

May,  1907.  Standard    Proportions  for  Machine  Screws. 
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As  a  result  of  the  meetings  the  following  notable  committee  was 
appointed  to  draw  up  standardization  rules : — Francis  B.  Crocker, 
chairman ;  Cary  T.  Hutchinson,  Arthur  E.  Kennelly,  John  W.  Lieb, 
Jr.,  Charles  P.  Stemmetz,  Lewis  B.  Stillwell,  Elihu  Thompson. 
The  report  of  this  committee,  entitled  "Standardization  Rules  of 
the  American  Institute  of  Electrical  Engineers,"  was  presented 
and  accepted  June  26,  1899.  The  rules  were  revised  June  20,  1902, 
and  again  on  June  26,  1907.  On  June  10,  1907,  the  "Standards 
Committee,"  a  standing  committee  of  nine  members,  was  appoint- 
ed. The  work  of  the  Institute  will  be  mentioned  again  in  connec- 
tion with  the  International  Electrote.chnical  Commission. 

The  American  Society  of  Civil  Engineers  has  not  been  as 
active  in  adopting  standards,  but  has  issued  one  important  report 
on  "Standard  Rail  Sections." 

The  American  Society  for  Testing  Materials  has  done  splendid 
work  thus  far,  and  has  admirably  fulfilled  the  object  of  its  organ- 
ization as  stated  in  the  charter : — "The  corporation  is  formed  for 
the  promotion  of  knowledge  of  the  materials  of  engineering,  and 
the  standardization  of  specifications  and  the  methods  of  testing."* 


*Since  August   10,    1901,  the  following  specifications  have  been  adopted 
and  issued : 

1 — Standard  Specifications  for  Structural  Steel  for  Bridges. 

2 — Standard  Specifications  for  Structural  Steel  for  Buildings. 

3 — Standard  Specifications  for  Structural  Steel  for  Ships. 

4 — Standard  Specifications  for    Open    Hearth    Boiler    Plate    and    Rive' 
Steel. 

5 — Standard  Specifications  for  Bessemer  Steel  Rails. 

6 — Standard  Specifications  for  Open  Hearth  Steel  Rails. 

7 — Standard  Specifications  for  Steel  Splice  Bars. 

8 — Standard  Specifications  for  Steel  Axles. 

9 — Standard  Specifications  for-  Steel  Tires. 

10 — Standard  Specifications  for  Steel  Forgings. 

11 — Standard  Specifications  for  Steel  Castings. 

12 — Standard  Specifications  for  Wrought  Iron. 

13 — Standard  Specifications  for  Foundry   Pig  Iron. 

14 — Standard  Specifications  for  Cast-iron  Pipe  and  Special  Castings. 

15 — Standard  Specifications  for  Locomotive  Cylinders. 

16 — Standard  Specifications  for  Cast-iron  Car  Wheels. 

17 — Standard  Specifications  for  Gray-Iron  Castings. 

18 — Standard  Specifications  for  Malleable  Castings. 

19 — Standard  Specifications  for  Staybolt  Iron. 

20 — Standard  Specifications  for  Hard-Drawn   Copper  Wire. 

21 — Standard  Specifications  for  Cement. 

22 — Standard  Classification  of  Structural  Timber. 

23 — Standard  Specifications   for  Yellow-Pine  Bridge  and  Trestle  Timbers. 

24 — Standard  Test  for  Fireproof  Floor  Construction. 

25 — Standard  Test  for  Fireproof  Partition  Construction. 

26 — Standard  Abrasion  Test  for  Road  Material. 
27 — Standard  Toughness  Test  for  Macadam  Rock. 
28 — Standard  Methods  of  Testing. 
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The  "National  Electrical  Code,"  which  has  been  one  of  the 
greatest  influences  toward  standardization,  was  originally  drawn 
up  in  [897  as  the  result  of  the  united  efforts  of  the  various  insur- 
ance, electrical,  architectural  and  allied  interests  which,  through 
the  National  Conference  on  Standard  Electrical  Rules,  composed 
of  delegates  from  various  national  associations,  unanimously  voted 
to  recommend  it  to  their  respective  associations  for  approval  or 
adoption.* 

The  International  Association  for  Testing  Materials  has  done 
excellent  work  in  standardizing  testing  methods.  The  objects  of 
the  association,  as  stated  in  its  by-laws,  are  as  follows : 

''The  development  and  unification  of  standard  methods  of  testing;  the 
examination  of  the  technically  important  properties  of  materials  of  con- 
struction and  other  materials  of  practical  value,  and  also  the  perfecting  of 
apparatus  used  for  this  purpose." 

The  sixth  Congress  of  the  Association  will  be  held  in  the 
United  States  in  the  autumn  of  191 2,  and  as  the  president  of  the 
Association  is  chosen  from  the  country  where  the  Congress  is  held, 
Dr.  C.  B.  Dudley,  of  Altoona,  chemist  of  the  Pennsylvania  Rail- 
road, was  elected  president  at  the  last  Congress.  After  his  un- 
timely death,  Dr.  Henry  M.  Howe,  of  Columbia  University,  was 
elected  in  his  stead. 

In  Great  Britain  the  value  of  standards  was  not  appreciated 
as  early  as  in  the  United  States.  Since  1901,  however,  there  has 
been  cooperative  work  among  the  various  engineering  societies, 
endorsed  by  the  government,  which  has  resulted  in  national  stand- 
ards. This  is  decidedly  in  advance  of  anything  accomplished  in 
the  United  States.  The  Engineering  Standards  Committee  of 
Great  Britain  was  originated  in  January,  1901,  as  the  result  of  a 
motion  by  Sir  John  Wolfe  Barry  at  a  meeting  of  the  Council  of 


*The  associations  represented  in  the  National  Conference  were   as   fol- 

American  Institute  of  Architects. 
American  Institute  of  Electrical  Engineers. 
American  Society  of  Mechanical  Engineers. 
American  Institute  of  Mining  Engineers. 
American  Street  and  Inteuirban  Railway  Association, 
ociated  Factory  Mutual  Fire  Insurance  Companies. 
Association  of  Edi-on  Illuminating  Companies. 
International   Association   of   Municipal   Electricians. 
National  Board  of  Fire  Underwriters. 
National  Electric  Light  Association. 
National  Electric  Contractors'  Association. 
National  Electric  Inspectors'  Association. 
The  Underwriters'  National  Electric  Association. 
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the  Institution  of 
Civil  Engineers.  It 
is  supported  by  the 
following  bodies  : — • 

The  Institution  of 
Civil  Engineers. 

The  Institution  of 
Mechanical  Engineers. 

The  Institution  of 
Electrical  Engineers. 

The  Institution  of 
Naval  Architects. 

The  Iron  and 
Steel   Institute. 

There  are  thirty- 
nine  committees, 
with  a  total  mem- 
bership of  nearly 
three  hundred,  en- 
gaged in  the  dis- 
cussion, prepara- 
tion and  publica- 
tion of  standards. 
Table  I,  giving  the 
sub  -  divisions  o  f 
the  main  commit- 
tee, shows  what  a 
wide  range  of  sub- 
jects have  been 
considered. 

In  Germany,  the 
Society  of  German 
Electrical  Engi- 
neers (Verband 
Deutscher  Elektro- 
techniker)  adopted 
in  1903  their 
"Standards,  Regu- 
lations and  Direc- 
tions" (Normalien, 
Vorschriften  und 
Leitsatze  des  V.  D. 
E.).      These  rules 
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are  similar  in  scope  and  arrangement  to  the  Standardization  Rules 
tl  i    American  [nstitute  of  Electrical  Engineers. 

The  International  Electrotechnica]  Commission,  of  which 
much  is  expected  in  the  way  of  international  standardization,  was 
the  direct   result   of   the   International   Electrical   Congress  held   in 

Louis  in  1904.  The  Commission  was  formed  in  London  on 
June  27.  iqo<'.  its  object  being  the  standardization  of  nomenclature 
and  ratings  of  electrical  apparatus  and  machinery.  The  following 
countries  were  represented : — Austria,  Belgium,  Canada,  France, 
Germany,  Great  Britain,  Holland,  Hungary,  Italy,  Japan,  Switzer- 
land, Spain  and  the  United  States ;  Denmark,  Norway  and  Sweden 
had  accepted  the  invitation,  but  did  not  send  delegates.  Since  the 
formation  of  the  commission,  national  committees  have  been  ap- 
pointed in  several  countries,  and  much  progress  has  been  made 
toward  the  standardization  of  nomenclature  and  symbols.  At  the 
last  meeting  of  the  Commission  at  Turin,  September,  191 1,  at  which 
fifty-one  delegates  were  present  representing  nineteen  countries, 
international  lists  of  terms  and  symbols  were  adopted  provision- 
ally, and  the  three  symbols  used  for  the  algebraical  expression  of 
Ohm's  law  were  adopted  definitely.  Definite  action  was  taken  on 
the  direction  of  phase  rotation  in  alternating-current  diagrams  and 
the  report  of  the  Brussels  conference  in  relation  to  international 
rating  of  machinery  was  adopted.  Tentative  plans  have  also  been 
submitted  for  international  standardization  in  the  direction  of 
stationary  direct-current  generators,  and  motors  for  continuous 
service  constant  potential  operation.  The  following  countries  are 
now  represented  by  national  committees  on  the  Commission : — 
Argentina,  Austria-Hungary,  Belgium,  Canada,  Denmark,  France, 
Germany,  Great  Britain,  Italy,  Japan,  Mexico,  Spain,  Sweden  and 
the  United  States.  The  committee  from  the  American  Institute 
of  Elertrical  Engineers  has  been  very  active  in  working  up  and 
submitting  suggestions  to  the  Commission.  It  is  believed  that  the 
Turin  meeting  will  mark  an  epoch  in  the  history  of  international 
electrical  standardization. 


STEAM  ELECTRIC  POWER  PLANTS* 

THEIR  DESIGN,  CONSTRUCTION  AND  OPERATION 

O.  S.  LYI-ORD.  Jr..  Consulting  Engineer  and    R.  W.  STOVEL,  ;Mechanlcal  Engineer 
WestinghouseJ  Church  Kerr  &  Company 

ONE  main  principle  underlies  the  design,  construction  and 
operation  of  all  power  plants,  and  this  is  the  requirement 
that  the  plant  shall  produce  a  given  amount  of  useful 
power,  under  the  conditions  imposed,  for  a  term  of  years,  for  the 
least  total  cost,  including  all  direct  and  indirect  expenditures. 
These  expenditures  include  not  only  the  direct  operating  and  main- 
tenance charges,  but  also  fixed  charges  on  the  total  amount  invested 
in  the  plant  and  all  costs  of  interruptions  to  service  that  could  have 
been  prevented  by  investments  in  more  or  different  equipment.  A 
study  of  costs  is  therefore  a  key  to  the  design  of  a  power  plant  for 
any  purpose. 

The  present  discussion  is  limited  to  steam  turbine  driven  elec- 
tric plants  using  bituminous  coal  for  fuel. 

Even  when  limited  to  this  class,  there  are  so  many  factors  in- 
volved, that  each  plant  is  still  necessarily  an  individual  study  and 
no  general  rules  governing  all  cases  can  be  formulated.  Irrespective 
of  whether  such  a  power  plant  is  to  be  used  for  a  coal  mine,  a  pub- 
lic service  utility  or  a  factory,  the  most  important  conditions  which 
govern  the  design  and  construction  are  as  follows : 

Character  of  Load  to  be  carried.  (High  or  low  load  factor, 
steady  or  fluctuating). 

Location  of  Plant  with  reference  to  fuel  and  water  supply. 
Local  Conditions  affecting  the  dimensions  of  the  building  and 
the  construction  of  foundations  and  flumes. 

Relative  Costs  of  available  material  and  apparatus. 

Fit)icss  of  Various  Types  of  apparatus  to  the  duty  to  be  per- 
formed. 

Costs  of  Fuel  and  Water. 

Proper  Relation  Between  Operating  Costs  and  fixed  Charges, 
under  the  conditions  imposed. 


*Condensed  from  a  paper  read  before  the  Engineers'   Society  of  West- 
ern Pennsylvania. 
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TABLE  I  — COST  OP  STEAM  TURBO-BJLECTRIC  GENERATING  STATIONS. 

Prom     C  000     to     20  000     kilowatts     capacity,    based    on    maximum    continuous    capacity    ol 

generators   at    50    dogreeg   C.    rise. 

DOLLARS    PER    KW 
High  Low 

Preparing    Site— Dismantling    and    removing    structures 

from  site,   making  construction  roads,   tracks,   etc..$   0.25  $         0 
1    Work — Intake   and   discharge   flumes   for   condens- 
ing  water,    railway   siding,   grading,    fencing  side- 
walks,   etc 2.50  1.00 

Foundations — Including  foundations  for  building,  stacks 
and   machinery,    together   with   excavation,    piling, 

terprooring,   etc 6.00  1.00 

Building — Including  frame,  walls,  floors,  roofs,  windows 
and  doors,  coal  bunker,  etc.,  but  exclusive  of 
foundations,   heating,   plumbing  and   lighting 12.00  4.00 

Boiler  Room  Equipment — Including  boilers,  stokers, 
flues,  stacks,  feed-pumps,  feed-water  heater,  econ- 
omizers, mechanical  draft  and  all  piping  and  pipe 
covering  for  entire  station  except  condenser  water 
piping    24.00  12.00 

Turbine  Room  Equipment — Including  steam  turbines 
and  generators,  condensers  with  condenser  auxil- 
iaries and  condensing  water  piping,  oiling  sys- 
tem,   etc 22.00  12.00 

Electrical  Switching  Equipment — Including  exciters  of 
all  kinds,  masonry  switch  structure  with  all 
switchboards,  switches,  instruments,  etc.,  and  all 
wiring  except  for  building  lighting 5.00  2.00 

Service  Equipment — Such  as  cranes,  lighting,  heating, 
plumbing,  fire  protection,  compressed  air,  furni- 
ture, permanent  tools,  coal  and  ash  handling  ma- 
chinery,   etc.,    etc 5.00  2.50 

Starting  Up — Labor,  fuel  and  supplies  for  getting  plant 

ready  to  carry  useful  load   1.00  0.50 

General  Charges — Such  as  Engineering,  Purchasing, 
Supervision,  Clerical  Work,  Construction  Plant 
and  Supplies,  Watchmen,  Cleaning  up,  etc.,  etc 6.00  3.00 

Total  cost  of  plant,   except  land  and  interest  during 
construction     $83.75  $38.00 

Finally,  there  is  the  element  of  Personal  Preference  of  the 
Client,  which  is  the  deciding  factor  in  the  selection  between  types 
or  methods  that  may  cost  practically  the  same  and  are  economically 
equivalent. 

The  unit  generally  used  in  comparing  plant  costs  is  the  kilowatt 
capacity  of  the  generators  installed.  As  there  is  today  some  little 
confusion  in  defining  the  rating  of  large  generators,  attention  is 
called  particularly  to  the  fact  the  figures  given  are  based  on  the 
maximum  continuous  capacity  of  the  generator  or  the  output  that 
the  machine  will  give  with  a  temperature  rise  not  exceeding  50 
degrees  C.  above  the  surrounding  air  temperature. 

Table  I  shows  probable  limits  of  cost  of  stations  of  the  class 
referred  to,  namely  steam  turbine  driven,  electric  stations  for  all 
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purposes,  using  bituminous  coal  for  fuel  and  having  no  other  equip- 
ment in  them  except  that  necessary  to  generate  alternating  electric 
current  efficiently. 

Some  of  the  group  costs  in  Table  I  do  not  have  any  very 
specific  relation  to  the  kilowatt  capacity  installed  in  the  plant  and 
the  probable  range  in  such  costs  is  a  matter  of  experience  with  pre- 
vious cases.  This  refers  to  such  groups  as  "Preparing  Site,"  "Yard 
Work,"  "Electrical  Switching  Equipment"  and  "Service  Equip- 
ment." For  instance,  the  main  item  of  cost  coming  under  the 
"Yard"  group  is  generally  that  of  condensing  water  flumes  exterior 
to  the  building  and  it  will  be  readily  understood  that  this  cost  is 
affected  much  more  by  the  relative  location  of  the  building  to  the 
water  supply  and  by  the  character  of  work  required  than  by  the 
actual  size  of  the  plant. 

Similarly  the  electrical  switching  equipment  costs  depend  much 
more  on  the  extent  and  the  scope  of  the  electrical  distributing 
system  than  upon  the  actual  capacity  of  the  plant.  Again  the  largest 
item  of  the  "Service  Equipment"  costs,  namely  that  of  coal  han- 
dling depends  upon  the  existing  physical  conditions  much  more 
than  upon  the  capacity. 

Some  of  these  cost  groups,  however,  can  be  reduced  to  other 
units  than  that  of  the  kilowatt,  and  this  permits  a  clearer  under- 
standing of  their  range. 

The  foundation  costs,  for  instance,  will  run  from  $1.25  to  $4.0x3 
per  sq.  ft.  of  building  plan  area,  depending  on  the  character  of  the 
soil ;  the  lower  cost  covering  simple  concrete  footings  on  thoroughly 
good  bearing  soil,  while  the  necessity  for  piling,  waterproofing,  ex- 
cessive rock  excavation,  etc.,  will  run  this  cost  toward  the  higher 
limit.  Then  the  plan  area  will  vary  from  0.8  to  1.5  sq.  ft.  for  each 
kilowatt  of  capacity  installed,  depending  upon  the  size  of  the  units 
and  upon  their  arrangement ;  the  combined  effect  of  these  two  cost 
ranges  giving  the  range  in  price  per  kilowatt  shown  in  the  Table. 

The  building  costs  will  vary  from  8  to  12  cents  per  cu.  ft.  of 
overall  building  volume,  according  to  the  size  of  the  building,  the 
character  of  construction  and  the  local  price  of  building  materials 
and  labor.  Depending  again  upon  the  size  of  the  units  and  upon 
the  efficiency  used  in  arranging  them,  there  will  be  required  from 
50  to  100  cu.  ft.  of  volume  per  kilowatt  of  capacity.  The  combined 
effect  is  to  make  the  building  costs  range  from  $4.00  to  $12.00  per 
kilowatt. 
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In  boiler  room  equipment  the  o  st  of  materials  and  labor  will 

illy  be  between  $30  and  $40  per  nominal  boiler  horse  power, 

and   generally    there   will    be   installed    between    0.4   and   0.6  boiler 

horse-power  per  kilowatt   of  capacity,  resulting  in  the  cost  range 

shown  in  the  Table. 

Real  Estate — The  actual  cost  of  real  estate  makes  practically 
no  difference  in  design  in  the  very  large  majority  of  cases;  for,  as 
a  general  proposition,  it  may  be  said  that  if  sufficient  room  is 
allowed  around  the  apparatus  for  its  proper  operation  and  main- 
tenance, no  material  benefit  can  be  obtained  by  spreading  the  ap- 
paratus over  more  territory. 

On  the  other  hand,  the  location  with  reference  to  fuel  and 
water  supply  and  the  physical  condition  of  the  property  do  very 
materially  affect  the  cost,  much  more  so  indeed  than  any  other  one 
factor,  except  possibly  the  proportioning,  and  arrangement  of  the 
apparatus.  It  is  practically  essential  for  any  power  plant  of  mod- 
erate or  large  size  that  the  property  have  rail  connections  for  the 
delivery  of  coal.  It  is  also  essential  that  there  be  an  ample  sup- 
ply of  condensing  water,  though  cooling  towers  may  be  used 
with  increased  first  cost  and  decreased  economy.  In  the  consid- 
eration of  alternative  sites,  the  cost  of  the  "Yard  Work"  may 
have  an  important  bearing. 

Rarely  indeed,  is  there  a  case  where  the  site  of  a  power  plant 
is  selected  with  regard  only  to  the  cost  of  land.  If  the  power  plant 
is  attached  to  an  industrial  or  manufacturing  establishment,  the 
site  is  located  with  regard  to  the  handling  of  the  raw  material  and 
the  finished  product.  In  the  case  of  a  central  plant  for  light  or 
traction,  the  power  plant  site  is  generally  a  selection  between  one 
or  two  available  sites,  and  ofttimes  is  of  commercial  necessity  fixed 
on  a  site  long  predetermined.  Consequently,  nearly  every  plant 
-tarts  with  a  location  which  is  not  quite  ideal. 

Foundations — The  condensing  apparatus  can  only  be  placed  a 
definite  height  above  the  extreme  lowest  level  of  the  condensing 
water  supply.  This  alone  determines  the  basement  floor  level  and, 
if  in  flood  stages  the  water  rises  sufficiently  to  endanger  apparatus 
at  this  level,  more  or  less  expensive  costs  are  involved  in  the  proper 
protection  of  the  apparatus. 

The  bearing  value  of  the  soil  largely  affects  the  cost,  as  the 
necessity  for  piling  under  all  foundations  or  the  necessity  for  large 
rock  excavation  instead  of  good  bearing  soil  at  suitable  level,  will 
increase  the  cost  two  or  three  dollars  per  kilowatt. 


STEAM-ELECTRIC  POWER  PLANTS  327 

Building. — The  cost  of   the   building   is   dependant   upon   the 

character  of  the  structure  which  it  is  desirable  to  erect  to  be  in 
keeping  with  the  location  and  with  other  property  of  the  operating 
company;  but  this  cot  depends  much  more  on  the  efficiency  in 
design  and  the  proper  arrangement  and  spacing  of  the  apparatus. 

With  a  fortunate  size  and  arrangement  of  apparatus  only  50 
cu.  ft.  of  building  volume  may  he  required  per  kilowatt,  while  with 
a  disadvantageous  size  of  apparatus  and  with  less  regard  being  paid 
to  an  economical  arrangement  as  much  as  100  cu.  ft.  often  results. 

Boiler  Room  Equipment — The  range  in  the  cost  of  the  boiler 
room  equipment  is  large,  but  as  this  item  is  of  especial  interest 
owing  to  its  application  in  all  types  of  steam  plants,  it  will  be  the 
subject  of  more  detail  consideration  later. 

Turbine  Room  Equipment — The  cost  of  the  turbine  room  equip- 
ment depends  mostly  upon  the  size  and  the  speed  of  the  main  gener- 
ating units.  Naturally,  the  higher  the  speeds  the  less  the  first  cost 
of  the  aparatus.  Units  of  2000  kilowatts  and  less  are  now  con- 
sidered practicable  with  speeds  of  3600  r.  p.  m.,  whereas  the  larger 
sizc^  run  at  1500  or  1800  r.  p.  m. 

Another  factor  affecting  the  costs  of  the  turbine  room  equip- 
ment is  the  type  of  condenser  selected.  Condensers  can  be  divided 
into  two  classes,  first  the  surface  condenser  in  which  the  condensing 
water  does  not  come  in  contact  with  the  condensed  steam ;  and 
second  the  mixing  condenser  in  which  the  condensing  water  and 
the  products  of  condensation  mingle. 

As  a  surface  condenser  installation  will  cost  from  $1.00  to 
$3.00  a  kilowatt  more  than  the  mixing  type,  the  warrant  for  it  must 
be  thoroughly  established.  The  selection  between  these  two  types 
of  condensers  depends  upon  whether  or  not  the  supply  of  condens- 
ing water  is  suitable  for  feed-water,  as  if  it  is  suitable,  there  is  no 
good  reason  for  the  surface  type.  If  the  condensing  .water  supply 
is  not  suitable  for  feed-water,  it  is  then  a  question  of  whether  or 
not  the  surface  condenser  saves  enough  in  the  cost  of  feed-water  to 
warrant  its  greater  first  cost.  As  a  very  general  statement,  if  the 
>t  of  feed-water  does  noe  exced  six  cents  per  1000  gallons;  and 
if  the  average  load  on  the  plant  does  not  exceed  one-half  the  maxi- 
mum load,  then  surface  condensers  are  not  warranted. 

Formerly  with  reciprocating  engines,  it  was  possible  to  decrease 
the  first  cost  of  a  station  when  its  fuel  economy  was  not  essential 
or  particularly  when  used  only  as  a  standby  plant,  by  omitting  the 
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condensing  apparatus.  A  steam  turbine,  however,  takes  about  50  to 
70  percent  more  steam  when  running  non-condensing  than  con- 
densing, and  the  first  cost  of  providing  the  extra  boiler  capacity  to 
run  the  unit  non-condensing  is  generally  much  greater  than  the 
st  of  the  condenser  with  the  necessary  flumes  for  supply  and 
discharge  of  cooling  water.  This  results  in  the  peculiar  condition 
that  a  non-condensing  turbine  plant  not  only  will  cost  more  to 
operate,  but  will  actually  have  an  equal  or  greater  first  cost:  In 
other  words,  a  non-condensing  station  is  no  longer  commercially 
feasible,  except,  of  course,  where  there  is  a  large  requirement  of 
exhaust  steam  for  heating. 

Electrical  Switching  Equipment — The  cost  of  electrical  switch- 
ing equipment  does  not  necessarily  vary  proportionately  with  the 
size  of  the  plant.  It  depends  more  directly  upon  the  character  of 
the  service  in  which  the  electric  current  is  used. 

Service  Equipment — In  the  service  equipment  the  item  of  coal 
handling  is  the  largest  variable  factor  affecting  the  cost.  If  the 
plant  is  so  close  to  the  mines  that  a  reasonably  continuous  supply 
of  fuel  can  be  relied  upon,  no  large  outside  storage  of  coal  may  be 
necessary,  and  the  supply  generally  provided  for  in  an  inside  "bunker, 
may  suitably  serve  as  a  fly-wheel  on  the  coal  supply  to  the  boilers. 
If  the  plant  is  at  a  considerale  distance  from  the  mines,  more  or 
less  outside  storage  is  desirable. 

Mechanical  handling  devices  are  a  distinct  economy  in  a 
boiler  plant  of  moderate  or  large  size. 

Starting  Up  and  General  Charges — The  items  of  starting  up 
and  the  general  charges  as  shown  in  the  Table  hardly  need  any 
explanation  except  possibly  to  say  that  the  item  of  starting  up  is 
often  overlooked  during  the  initial  stages  of  the  project,  but  is 
usually  found  when  the  final  costs  are  added  up. 

A  part  of  the  foregoing  items  of  variable  cost  in  a  power  plant 
are  determined  as  soon  as  the  site  of  the  plant  is  located ;  others  are 
determined  as  soon  as  the  load  requirements  are  known,  but  a  large 
number  remain  which  are  dependent  upon  the  experience  of  the 
designer  and  his  ability  to  formulate  correctly  and  judge  wisely 
between  the  equations  of  economy  on  the  one  hand  and  of  first 
cost  on  the  other. 

Considering  now  in  detail  the  question  of  boiler  room  equip- 
ment, Table  II  shows  a  probable  high  and  low  range  of  costs  for 
this  group  of  apparatus. 
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TABLE      II— BOILER      ROOM      EQUIPMENT     COSTS      PEB      RATED     BOILER     HORSE- 
TOWER ;     USING     COAL     FOR     FUEL. 

DOLLARS  PER   III' 
High  Low 

Boilers  exclusive  of  masonry  setting   $11.00  $   8.00 

Superheaters     3.00  0 

Stokers  :,.r,o  :: mi 

Masonry    settings    for   boilers    3.50  2.00 

Flues    1.50  0.75 

Stacks     4.00  2.00 

Economizers     4.00  0 

Mechanical   Draft    3.00  0 

Feed-Pumps 1.50  0.50 

Feed-Heaters     1.00  0.40 

All  Piping  and  Pipe  Covering    10.00  6.00 

Coal  Chutes  and  Ash  Hoppers    1.25  0 

Various,    such    as    Indicating    and    Recording    Devices 

Damper      Regulator,      Ladders      and      Runways, 

Painting,    etc.,    etc 1.00  0.50 

Totals    $50.25  $23.15 

Note — The  above  costs  are  for  labor  and  material  only.  They  do  not 
include  any  "General  Charges"  such  as  Engineering  or  Supervision.  The  pip- 
ing item  includes  all  piping  in  the  entire  plant  except  condenser  water  piping. 

The  unit  costs  in  Table  II  are  related  to  rated  boiler  horse- 
power instead  of  the  kilowatt  as  used  in  Table  I,  as  these  costs  vary 
almost  directly  with  the  rating  of  the  boilers.  With  a  given  cost 
per  horse-power  for  this  boiler  room  group,  the  cost  per  kilowatt 
will  vary  according  to  the  proportioning  of  the  boiler  capacity  to 
the  generator  capacity.  This  proportion  is  the  most  important 
single  question  in  power  station  design  that  is  subject  only  to  the 
judgment  of  the  designing  engineer. 

Considering  the  boilers  themselves,  there  seems  to  be  a  decided 
tendency  to  use  as  large  units  as  have  been  shown  to  be  commer- 
cially satisfactory.  This  has  practically  resulted  from  the  develop- 
ment of  the  steam  turbine  in  large  units. 

There  is  every  incentive  from  the  standpoint  of  first  cost  to 
reduce  the  number  of  boilers  to  the  minimum  that  will  meet  operat- 
ing requirements,  and  therefore  to  make  each  boiler  unit  as  large 
as  practicable.  This  is  done  at  a  slight  gain  of  economy,  although 
first  cost  and  not  economy  is  the  principal  motive.  Boiler  units  of 
about  6oo  horse-power  each  are  common  practice.  Much  larger 
boilers  have  been  installed  in  a  few  cases,  and  the  results  to  date 
are  very  promising. 

In  addition  to  using  larger  units,  there  is  also  a  decided 
tendency  to  make  a  given  amount  of  boiler  surface  develop  more 
power.  Many  years  ago  it  was  defined  that  io  sq.  ft.  of  heating 
surface  should  constitute  one  horse-power  in  the  rating  of  a 
boiler.  With  the  gradual  development  of  mechanical  stokers 
and  our  greater  knowledge  of  the  laws  governing  the  efficient 
combustion  of  coal,  it  is  quite  practicable  to  obtain  one  and  a 
half,  or  even  two  horse-power  from  this  same  surface.     In  other 
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w^rds.  it  is  now  customary  to  demand  from  boilers  at  least   150 

percent   oi  their  rating;  and   frequently  200  percent. 

A.s  the  boiler  plant  must  be  Large  enough  to  supply  the  maxi- 
mum Fenian  team,  it  will  be  seen  that  if  we  plan  to  work  the 
boilers  200  percent  of  their  rating  at  such  times  of  maximum  de- 
mand, we  have  practically  cut  in  half  the  boiler  grcatf*  costs  com- 
pared with  former  conditions. 

The  use  of  superheat  ranging  from  100  to  150  degrees,  F.  will 
improve  the  overall  fuel  efficiency  of  the  plant  from  five  to  seven 
percent;  and  superheaters  will  generally  result  in  an  overall  econ- 
omy, even  with  coal  as  low  as  $1.50  per  ton. 

Economizers  have  two  uses;  economy  of  heat,  and  heat  stor- 
age. In  general,  it  may  be  stated  roughly  that  with  50  percent  an- 
imal load  factor  and  coal  costing  $3.00  or  more  per  ton,  the  saving 
in  heat  with  the  economizers,  is  enough  to  more  than  cover  their 
fixed  charges  and  maintenance.  These  conditions  may  vary  20  per- 
cent and  the  economizers  still  show  an  annual  saving.  The  advant- 
age of  heat  storage  often  justifies  their  use  irrespective  of  the  price 
of  fuel.  With  a  rapidly  fluctuating  load,  the  economizers  aid  the 
boilers  in  meeting  sudden  demands. 

With  the  increased  boiler  pressures  and  superheat,  and  particu- 
larly with  turbines  taking  steam  continuously  instead  of  intermit- 
tently, as  with  the  reciprocating  engines  there  has  naturally  followed 
a  decrease  in  pipe  sizes.  Whereas,  formerly  an  eight  inch  pipe 
would  be  u^ed  on  a  500  hp  boiler  running  not  much  over  rating,  a 
six  inch  pipe  is  now  used  on  a  600  hp  boiler  and  1200  hp  taken 
through  it. 

An  important  feature  of  steam  piping  is  the  pipe  covering. 
Frequently  the  active  competition  between  manufacturers  leads  to 
the  use  of  inadequate  covering.  It  pays  to  provide  a  good  cover- 
ing, well  protected  and  so  put  together  that  it  may  be  removed  and 
replaced  at  small  cost  where  necessary  for  repairs  and  adjustment 

pipe  joints  and  valves. 

ider  the  heading  of  indicating  and  recording  devices  may  be 
clashed   draft   gauge-,   recording   thermometers,   gas   sampling  and 

ting  apparati:  '  and  water  weighing  devices,  etc.     These  are 

not  refinements.  Their  combined  cost  is  almost  negligible  in  the 
total  cost  of  the  plant.  They  are  necessary  to  enable  the  superin- 
tendent to  know  ju-t  what  is  being  done,  and  if  accompanied  by 
intelligent  supervision,  will,  in  any  large  boiler  plant,  save  their 
cost  many  times  regardless  of  the  price  of  coal. 
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Table  III  has  been  prepared  to  indicate  the  range  of  common 
practice  in  coal  consumption.  Pittsburgh  coal  of  14000  B.t.u's 
per  pound  is  assumed  for  both  cases.  The  annual  average  boiler 
and  furnace  efficiency  will  range  from  50  to  70  percent,  depending 
on  the  nature  of  the  load,  the  suitability  of  the  station  design  to 
this  load,  and  the  efficiency  of  the  operating  force.  Therefore,  for 
each  pound  of  coal  burned,  the  B.t.u's  made  effective  in  the  steam. 
range  from  7  000  to  9  800. 

TABLE    III— SUMMARY    OF    OPERATING    RESULTS 

Range  of 
Common    Practice 

Britisli  thermal  units   per  pound   of  fuel    (assumed) 14  000 

Average  yearly  overall  boiler  and  furnace  efficiency   %.  50  70 

Effective  British   thermal  units  per  pound   of  fuel 7  000  9  800 

Boiler   pressure,    pounds    per   square   inch,    gauge 125  190 

Superheat,    degrees    Fahrenheit     0  125 

Average    feed-water    temperature,    degrees    Fahrenheit.  .  120  200 

British  thermal  units  per  pound  of  steam    (approximate)  1  100  1  100 

Pounds  of  water  evaporated  per  pound  of  fuel,  actual..  6.36  8.91 

Pounds  of  fuel   per   standard  boiler  hp    (33  305   B.t.u's.)  4.76  3.40 

Average  overall  station  water  rate  per  kw 30  20 

Pounds  of  coal  per  kw  generated    4.72  2.25 

British   thermal   units   in   coal   per  kw   generated 66  000  31500 

Thermal   efficiency  of   station,   percent 5.2  10.8 

Considering  next  the  condition  of  the  water  and  steam,  the 
boiler  pressure  may  be  anything  between  125  and  190  lb.  In  many 
cases  no  superheat  is  used,  and  in  a  steam  turbine  station  where 
the  conditions  warrant  it  125  degrees  of  superheat  may  be  used. 
The  temperature  of  the  feed-water  entering  the  boiler  ordinarily 
varies  between  120  and  200  deg.  F.  These  condition  of  boiler  pres- 
sure, superheat  and  feed-water  temperatures  may  vary  in  an  actual 
station  more  than  the  limits  here  shown;  but  the  interesting  thing 
is  that  the  combination  assumed  for  the  two  extremes  result  in 
the  same  number  of  B.t.u's  per  pound  of  steam.  The  explanation 
for  this  lies  in  the  relative  temperatures  of  the  feed-water.  The 
additional  heat  necessary  to  bring  the  temperatures  of  the  feed- 
water  of  the  one  case  up  to  that  of  the  other,  is  enough  to  raise  the 
steam  pressure  in  the  second  case  to  65  lb.  above  die  first  and  to 
superheat  the  steam  125  deg.  The  steam  in  the  second  case  will  do 
ten  percent  more  useful  work  than  the  steam  in  the  first  case.  The 
importance  of  proper  feed-water  heating  is  apparent. 

The  combination  of  the  figures  in  the  third  line  and  the  seventh 
line  results  in  those  of  the  eighth  line,  so  that  the  pounds  of  water 
evaporated  per  pound  of  fuel  varies  between  6.36  and  8.91. 

Experience  has  shown  that  the  average  annual  water  rate  of 
such  stations,  including  the  main  units  and  all  auxiliaries,  varies 
between  30  and  20  lb.  per  kw.-hr.   These  figures  divided  by  the  rate 
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evaporation,  give  the  figures  in  the  next  line  for  pounds  of  coal 

per  ki  '.lour  generated.     These  figures  in  turn  multiplied  by 

14  the    B.t.u's   in   the    fuel   per  kilowatt-hour  generated, 

these  being  average  figures   for  the  entire  year.     A  kilowatt-hour  is 

theoretically    equivalent    to    3420    B.t.u's.     Therefore,    the    annual 

thermal  efficiency  of  the  station  may  varj  between  5.2  and  10.8  per- 

t.     In  other  words,  one  Station  may  require  more  than  twice  the 

-.1  per  kilowatt  hour  per  annum  as  another,  even  though  both  are 

ndensing  stations  operated  under  conditions  within  the  range  of 

tnmon  practice'. 

Hitter  overall  results  than  the  best  here  shown  have  been  ob- 
tained for  months  at  a  time,  if  nol  years,  but  these  have  been  cases 
of  particularly  large  stations  or  exceptionally  good  load  factors,  and 
it  it  is  not  often  the  combination  of  conditions  permits  present  day 
apparatus  to  exceed  the  high  figure  here  shown. 

On  the  other  hand,  many  power  plants  do  not  get  even  as  good 
results  as  the  lowest  in  the  Table.  In  many  cases  this  is  logically 
due  to  the  small  size  of  the  plant  or  the  character  of  the  load,  but 
in  some  cases  it  is  due  to  improper  design,  and  in  many  cases  the 
poor  results  are  due  to  lack  of  supervision  and  knowledge  on  the 
part  of  the  operating  force. 

SUMMARY 

In   conclusion,   therefore,   the  principal   points   which  we   wish 
make  are : — 

First — A  conventional  power  station  design  generally  adapt- 
able to  a  given  class  of  service,  is  not  practicable. 

Second — Geographical  location,  in  itself,  should  have  no  bear- 
ing on  the  design  of  a  power  station. 

Third — The  location  with  reference  to  fuel  and  water  supply 
and  the  physical  condition  of  the  property,  however,  have  a  very 
important  bearing  on  the  cost. 

Fourth — The  cost  of  real  estate  in  a  large  majority  of  cases 
has  little  to  do  with  the  design  of  a  power  plant.  There  is  small 
difference  between  the  area  that  will  give  sufficient  clearances,  and 
the  minimum  on  which  the  apparatus  could  be  placed.  As  between 
two  possible  sites  the  costs  to  be  equated  against  real  estate  are 
mostly  in  the  intake  and  discharge  flumes  and  the  coal  handling 
facilities  outside  the  power  house. 

Fifth — Ornamentation  of  a  power  station  building  to  suit  local 
conditions  need  not  add  greatly  to  the  cost. 
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DIRECT-CURRENT   ELEVATOR  CONTROLLERS 

W.    H.  PATTERSON 

ELEVATOR  controllers  must  fulfill  the  most  exacting  service 
requirements.  The  acceleration  of  elevator  motors  should 
be  smooth,  uniform  and  as  rapid  as  is  consistent  with  safety 
and  economical  operation.  Stops  should  be  made  quickly  and  with- 
out shock  or  jar;  and  the  car  "inched,"  or  its  direction  abruptly 

reversed,    without   damage   to    any 
part  of  the  apparatus. 

High  speed  passenger  elevators 
running  from  about  200  to  600 
feet  per  minute  are  practically  al- 
ways installed  with  full  magnet 
controllers  and  car  switches.  A 
common  type  of  such  a  controller 
and  car  switch  are  shown  in  Figs. 
1  and  2.  This  type  of  controller 
is  also  used  on  heavy  duty  high 
speed  freight  elevators  running  up 
to  about  200  feet  per  minute.  The 
operation  of  these  controllers  with 
a  compound-wound  commutating 
pole  elevator  motor  is  as  follows : 
In  starting,  the  switch  handle  is 
usually  moved  from  off  to  the  full 
on  position.  The  switches  then 
operate  automatically  to  start  the 
motor  and  accelerate  it  promptly 
and  smoothly  to  full  speed.  There 
is  no  disagreeable  jerking  or  un- 
necessary stress  on  any  of  the 
mechanism. 

The  operation  of  the  switches 
rent  elevator  coxtroller  causes  the  following  conditions, 
shown  by  the  diagram  and  table,  Fig.  3,  while  starting:  (a) 
Switches  j,  5,  6,  11  and  12  close  and  the  motor  starts  with  full 
field  strength  and  with  resistance  in  the  armature  circuit;  after  the 
motor  has  started,  switch  1  closes;  (b)  switch  1  opens  and  the 
armature  resistance  is  cut  out  in  three  steps  by  switches  7,  8  and  p, 
as  the  speed  increases ;  (c)  the  series  field  is  short-circuited  by 
switch  10  and  a  resistance  is  cut  into  the  shunt  field  circuit  by  the 
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opening  of  switch  //.  The  series  turns  on  the  field  have  the  effect 
of  smoothing  out  the  peaks  in  the  current  curve  while  the  resistance 
is  being  cut  out,  and  when  these  field  turns  are  short-circuited  they 
prevent  sudden  change  of  field  magnetism  so  that  the  speed  con- 
tinues to  accelerate  smoothly  when  the  shunt  field  resistance  is  in- 
serted in  a  single  step.  The  switch  handle  can  be  held  on  the  second 
point  if  desired,  giving  the  second  of  the  foregoing  conditions  and 
an  elevator  speed  about  one-half  maximum. 

In  stopping,  the  handle  can  be  brought  back  to  the  second  point, 
giving  half  speed,  and  then  to  the  first  point,  giving  the  slow-down 
speed.  The  usual  practice  is  to  return  the  handle  promptly  to  the 
first  point,  thus  giving  the  motor  full  field  strength,  and  inserting 

resistance  both  in  series  and  in 
shunt  with  the  armature.  This 
condition  gives  the  special 
slow-down  speed,  less  than 
one-fourth  full  speed.  Moving 
the  handle  to  the  off  position 
causes  all  control  switches  to 
open  and  other  switches  to 
close  and  apply  dynamic  break- 
ing, bringing  the  car  easily  and 
accurately  to  rest. 

An  over-load  re-set  circuit 
breaker  is  operated  by  a  series 
overload  relay ;  it  is  re-set  by 
opening  and  closing  the  emer- 
gency car  switch.  Tryout  push 
witch    with  button    switches    are    provided 

COVKR    REMOVED  .  I  1  it,         ,U 

on  the  control  panel  so  that  the 
elevator  can  be  operated  from  the  controller  panel,  if  desired. 

This  conroller  is  practically  fool-proof,  and  the  operator  can- 
not injure  the  motor  or  elevator  by  careless  manipulation  of  the 
car  switch.  If  he  throws  the  car  switch  from  the  up  to  down  po- 
sition, or  vice  versa,  the  motor  comes  to  rest,  and  the  operator  must 
bring  the  handle  back  to  the  off  position  before  he  can  start  the  car 
in  either  direction,  so  that  there  is  no  possibility  of  throwing  ex- 
cessive stresses  on  the  mechanism  by  sudden  reversals.  The  cir- 
cuit-breakers protect  the  motors  from  injury  by  heavy  overloads, 
short-circuits,  etc. 

If  the  power  supply  fails,  all  switches  open  and  the  car  comes 
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to  rest.  In  such  a  case  the  operator  ordinarily  releases  the  car 
switch  handle,  which  returns  automatically  to  the  off  position.  If 
he  does  not  release  it,  and  the  power  comes  on  again,  the  magnet 
switches  close  in  the  regular  sequence,  so  that  the  car  starts  and 
accelerates  smoothly  in  the  regular  manner ;  failure  and  subsequent 
return  of  power  cannot  injure  the  elevator  mechanism  or  motor. 
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SEQUENCE  OF  SWITCHES 


Modified  forms  of 
the  above  controller, 
eliminating  some  of 
the  refinements,  are 
used  for  slower  speed 
passenger  elevators, 
running  up  to  about 
two  hundred  feet  per 
minute.  Instead  o  f 
three  points  the  con- 
troller has  only  two, 
full  running  and  slow 
down.  For  freight 
elevators  running  up 
to  a  maximum  speed 
of  one  hundred  and 
fifty  feet  per  minute 
this  type  of  control  is 
also  used.  The  opera- 
tion is  the  same  ex- 
cept that  a  single 
speed  motor  is  used 
instead  of  a  two 
speed  motor  as  in 
first  case.    For  slower 


FIG.  3 — DIAGRAM  SHOWING  MAIN  CONNECTIONS  AND 
SEQUENCE  OF  OPERATION  OF  SWITCHES  FOR  FULL 
MAGNET   ELEVATOR  CONTROL 

The  operation  of  switches  8,  o  and  io  during  j  freight  ^leva- 
dynamic  braking  has  no  effect  so  far  as  main  con-  SPeea  ireiSni  eieva 
tacts  are  concerned.  The  interlocking  secondary  tors,  running  up  to 
contacts,  not  shown,  serve  to  insure  suitable  con-  m.v'  m  cnppjc  ~f 
nections  for  dynamic  braking,  and  to  prevent  the  maximum  speeds  Oi 
setting  of  the  friction  brake,  during  normal  opera-  one  hundred   feet  per 


tion,  until  the  car  has  nearly  stopped. 


minute, 


further 


modification  of  the  above  controller  is  made,  this  type  being  single 
speed  without  dynamic  brake,  as  at  these  slow  speeds  dynamic  brak- 
ing is  not  required  in  order  to  make  easy  and  accurate  stops. 

The  following  accessories  are  generally  used  with  all  of  the 
above  controllers . 
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A  machine  limit  switch  is  a  drum  switch  that  is  driven  by 
the  elevator  winding  machine  and  stops  the  car  at  either  limit  of 
travel   by   opening  the   circuit   of   the   magnet   switches.     The   car 

n   then   he  started   in  the   reverse  direction  only.     The  switch  is 

1   by  a  traveling  nut   and  closed  by  a  centering  weight. 

The    hatchway    limit    switch    is    a    single    pole,    double    break 

.]>   switch   with    a   long  operating   arm.     One   of   these    switches 

is  installed  at  the  top  and  one  at  the  bottom  of  the  elevator  shaft. 

When  the  limit  of  travel  is  reached  in  either  direction  a  cam  on  the 

car  depresses  the  switch  arm,  opens  the  switch  and  stops  the  car. 


4 — TWENTY-FIVE  HOBSE-POWEB  ELEVATOS  WINDING  MACHINE 
WITH  DIRECT-CURRENT  COM  M  UTATING  POLE  ELEVATOR  MOTOR 
AND    FULL    MAGNET    CONTROLLER 

The  car  can  then  be  started  in  the  reverse  direction  only.  When 
the  pressure  is  removed  from  the  switch  arm,  the  switch  closes  au- 
tomatically by  the  action  of  the  spring. 

The  slack  cable  switch  is  an  automatically  operated  master 
itch  that  stops  the  motor  in  case  the  rope  slackens  from  any 
cau-e,  such  as  the  breaking  of  the  cable  or  the  catching  of  the 
car.  The  switch  is  mounted  on  one  side  of  the  winding  drum  and 
a  little  below  it,  and  is  operated  by  means  of  two  bars  that  extend 
across  the  drum.  When  the  rope  slackens  it  presses  against  the 
cross  bar  and  trips  the  switch,  thus  opening  the  control  circuit,  re- 
leasing the  magnet  switches  and  stopping  the  motor  and  the  car. 
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The  switch  cannot  be  re-set  until  the  cable  has  been  replaced  on  the 
drum  ;  inspection  and  necessary  repairs  are  thereby  assured. 

When  it  is  not  desired  to  use  the  more  expensive  full  magnet 
car  switch  control  for  freight  and  passenger  elevators  of  moderate 
and  slow  speeds,  a  semi-magnet  controller,  Fig.  5,  operated  by  a 
hand  rope  or  lever  in  the  car,  is  commonly  used.  This  controller 
consists  of  a  slate  panel,  with  magnet  switches,  a  series  relay,  a  line 
switch  and  fuses  on  the  front,  and  the  resistor  and  drum  type  re- 
versing switch  in  the  rear.  The  reversing  switch  is  generally  con- 
nected to  a  shaft  on  which 
is  a  flanged  pulley  carrying 
the  operating  rope.  The  re- 
versing switch  does  not  open 
the  main  circuits,  but  mere- 
ly arranges  tne  connections 
and  controls  the  magnet 
switches.  The  motor  circuit 
is  always  opened  by  a  mag- 
net switch  provided  wTith 
blow-out  coils. 

The  operation  of  these 
controllers  is  as  follows : 
Turning  the  drum  reverse 
switch  by  moving  the  hand 
rope  or  lever  in  the  elevator 
car  arranges  the  motor  con- 
nections for  proper  direc- 
tion of  rotation  and  then 
causes  the  magnet  switches 
to  close  in  proper  order. 
The  rate  of  closing  these 
switches  is  controlled  by  a  series  relay  which  thus  prevents  excessive 
current  being  taken  by  the  motor.  The  closing  of  the  switch  con- 
nects the  motor  to  the  line  and  brings  it  to  full  speed  by  cutting  out 
tirst  the  armature  resistance  and  then  the  series  field.  When  the 
drum  reverse  switch  is  moved  to  the  off"  position,  the  magnet 
switches  open,  disconnecting  both  sides  of  the  motor  from  the  line. 
Either  electric  or  mechanically  operated  brakes  may  be  used  with 
this  type  of  controller.  Machine  limit  switch,  hatchway  limit 
switches  and  slack  cable  switches  may  also  be  provided  with  con- 
trollers of  this  type. 


FIG.     5 — SEMI-MAGNETIC    DIRECT-CURRENT 
ELEVATOR     CONTROLLER 


OUTDOOR  TYPE  TRANSFORMERS 

C.  S.  LAWS*  >N 

THE  great  number  and  length  of  high  voltage  transmission 
lines  in  America  has  led  to  the  development  of  transform- 
ers and  auxiliary  apparatus  for  outdoor  service,  by  means 
of  which  light  and  power  may  be  supplied  to  communities  or  fac- 
tories located  near  high  voltage  circuits,  particularly  where  the 
amount  of  power  required  docs  not  justify  the  expense  of  a  sub- 

ition  huilding.  The  progressive  farmer  has  begun  to  realize  the 
advantage  of  electric  light  and  electric  drive  for  his  farm  tools, 
and  becomes  a  ready  user  of  electric  power  when  it  is  available. 
The  outdoor  transformer,  however,  is  not  limited  to  supplying  the 
small  amounts  of  power  required  by  the  farmer  or  the  small  com- 
munity. 

For  temporary  or  semi-portable  sub-station  service  the  out- 
door transformer  is  invaluable.  As  an  instance  of  such  applica- 
tion may  be  mentioned  the  33  000  volt  outdoor  transformers  sup- 
plying power  to  motors  operating  shovels,  dredges  and  drills  in 
the  construction  of  the  Los  Angeles  Aqueduct. 

Experience  has  shown  that  outdoor  apparatus  can  be  built  to 
give  service  as  reliable  as  that  of  indoor  apparatus,  and  the  ques- 
tion as  to  which  type  should  be  used,  regardless  of  the  capacity 
and  voltage  involved,  finally  reduces  to  one  of  costs ;  accordingly 
each  case  must  be  worked  out  on  its  own  merits.  Just  as  the  light- 
ing company  in  a  city  supplies  light  and  power  to  the  residents  of 
the  city,  the  electric-transmission  company  may  serve  cities,  towns 
and  villages  throughout  a  large  territory,  and  no  user  of  power  is  too 
insignificant    to    be    regarded.     For    comparatively    small    amounts 

power,  where  a  single  transformer  or  hank'  of  transformers 
would  be  installed,  the  outdoor  transformer  with  a  minimum  of 
auxiliary  apparatus  is  especially  adapted  and  is  in   fact  the  logical 

ution  if  there  is  no  other  apparatus  which  must  be  housed. 
The  idea  of  the  outdoor  transformer  is  obviously  not  new. 
The  first  transformers  built  for  commercial  service  were  the  or- 
dinary lighting  transformers  on  outdoor  circuits  of  2  300  volts  and 
below,  and  were  designed  for  mounting  on  poles.  The  primary 
voltage  of  lighting  or  pole  type  transformers  has  been  increased 
from  time  to  time  until  there  are  now  on  the  market  standard  lines 
of  single  and  three-phase  transformer-  for  voltages  up  to  and  in- 
cluding 16500  volts  and  capacities  of  approximately  ioo  k.v.a.    All 
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of  these  transformers  are  of  the  oil-insulated  and  self-cooled  type 

and  are  designed  for  pole  mounting. 

Transformers  above   ioo  k.v.a.  capacity,  generally  spoken  of 
"power"  transformers,  are  too  large  for  pole  mounting,  and  may 

be  mounted  on  raised  platforms,  concrete  floors  or  skids.     Power 

transformers  for  outdoor  service  may  be  built  for  any  voltage  and 

capacity  for  which  indoor 
transformers  may  be 
built.  Since  one  of  the 
factors  favoring  the  in- 
stallation of  outdoor 
transformers  is  the  small 
amount  of  attention 
which  they  are  ordinarily 
destined  to  receive  after 
being  put  in  service,  and 
since  transformers  of  the 
water-cooled  type  re- 
quire more  attention 
than  self-cooled  unit-, 
there  is  very  little  de- 
mand at  present  for  out- 
door water-cooled  trans- 
formers. In  a  large  per- 
centage of  cases  the  out- 
door transformers  will  be 
installed  in  places  where 
there  is  no  convenient 
supply  of  water  for  cool- 
ing purposes.  However, 
the  water-cooled  trans- 
former for  outdoor  serv- 
ice is  not  unheard  of,  and 
ii.;.    i— outdoor  type  oil-insulated,   self-   there   may   be   conditions 

COOLING    TRANSFORMER  for       whjch       such       tnms_ 

15  k.v.a.,  33000  to  23000  volts.  r  ,  it, 

0  formers    only    would    be 

mutable.  The  advent  of  the  tubular  type  tank  for  oil  insulated,  self- 
cooled  transformers  has  increased  the  capacity  for  which  these  types 
of  units  may  be  built,  until  the  size  is  now  limited  only  by  railroad 
clearances  in  shipping.  While  the  self-cooled  transformer  in  a 
tubular  tank  costs  more  than  a  water-cooled  transformer,  it  is  fre- 
quently found  that  the  self-cooled  unit  offers  the  cheaper  proposi- 
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tion  when  the  cost  of  cooling  water  is  taken  into  consideration. 

Outdoor  transformers  differ  from  the  indoor  types  in  that 
they  must  have  oases  with  covers  and  manhole  doors  having  a  con- 
siderable overhang  and  bolted  down  on  gaskets.     Outlet  leads  are 

scaled  into  the  bushings 
with  weather-proof  com- 
pound and  the  bushings 
either  sealed  directly  into 
the  case  with  a  suitable 
compound  or  into  flanges 
which  are  bolted  down  on 
weather-proof  gaskets. 

The  cases  for  small 
low  voltage  transformers 
are  made  of  solid  cast 
Iron.  For  small  capacity 
high  voltage  transformers 
the  case  is  usually  made 
of  boiler  iron  with  all 
seams  welded.  For  larger 
sizes  the  "cast-in"  type  of 
case  is  used.  This  case 
has  the  wall,  or  housing, 
made  of  corrugated  sheet 
steel  with  seams  elec- 
trically welded  and  is 
cast  into  a  base  and  top 
piece  of  cast  iron,  thus 
obtaining  a  strong  and 
oil-tight  joint.  The  cast- 
in  type  of  tank  is  used 
for  self-cooled  transform- 
ers up  to  capacities  of  500 
to  1  000  k.v.a.,  depending 

FIG.     2 — OUTDOOR     TYPE     OIL-INSULATED,     SELF- 

iling  transformer  on  voltage  and  frequency. 

too  k.va.,  30700  to  7200  volts.     For  star    For   larger  capacities   the 
connection  on  53000  volt  line.  cast     jron     t^k     becomes 

too  large  and  expensive  and  the  "tubular"  type  is  used.  The 
tubular  tank  is  made  of  boiler  iron  with  all  seams  welded  and  has 
one  or  more  rows  of  boiler  tubes  on  the  outside,  welded  into  the 
tank  at  top  and  bottom.     The  circulation  of  oil  in  the  tank  is  up- 


OUTDOOR    TRANSFORMERS 


34i 


ward  through  the  oil  ducts  in  the  transformer  and  downward 
through  the  tubes,  where  its  heat  is  radiated  to  the  surrounding  air. 
The  question  of  the  "breathing"  of  transformers  and  danger 
of  condensation  of  moisture  inside  the  tank  is  sometimes  raised. 
If  a  transformer  case  is  not  perfectly  air  tight,  the  air  and  oil  in 
the  top  of  the  tank  expands  as  the  transformer  heats  up  and  part 
of  the  air  escapes  through  the  openings;  as  the  transformer  cools, 
the  reverse  action  takes  place  and  new  air  is  drawn  into  the  tank. 

Under  extreme  conditions  of 
weather  there  may  be  some 
condensation  but  the  amount 
is  so  small  as  to  be  negligible. 
The  almost  total  lack  of 
break  downs  due  to  condensa- 
tion in  tanks  is  the  strongest 
evidence  of  the  insignificance 
of  this  feature  of  operation. 
The  main  problem  in  the 
design  of  outdoor  transform- 
ers is  in  connection  with  the 
outlet  bushings.  They  must 
be  designed  to  stand  all  con- 
ditions of  weather  —  rain, 
snow  and  sleet — and  the  ac- 
cumulation of  dirt,  and  it  is 
these  requirements  which  dif- 
ferentiate outdoor  from  in- 
door transformers.  With 
transformers  designed  for 
pole  mounting  (limited  to 
16500  volts)  the  problem  of 
the  outlet  lead  is  best  solved 
transformer      with     tubular     type   by  making  the  top  part  of  the 

t       •     1  •  1  j        -i  1  ■      case   with   overhanging  pock- 

Terminals      provided      with      porcelain  °     °    ;  . 

bells.  ets,   into  which  the   bushings 

and  leads  are  placed  projecting  downward.  The  bushing,  which  is 
made  in  one  piece,  is  sealed  into  the  pocket  and  a  cable  lead  sealed 
into  the  bushing  with  oil  and  moisture  proof  compound.  With  this 
arrangement  the  bushing  is  protected  from  mechanical  injury,  snow 
or  foreign  matter  cannot  accumulate  on  it,  and  a  very  cheap  and 
serviceable  outlet  is  obtained.     Transformers  in  cast-in  cases  too 


FIG.   3 — OUTDOOR  TYPE  CONDENSER  TERMINAL 
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large  for  pole  mounting  may  have  the  leads  brought  out  either 
through  the  side  of  the  top  casting  of  through  the  cover  if  the 
voltage  does  not  exceed  i  i  ooo  volts,  and  through  the  cover  only 
if  the  voltage  exceeds  1 1  ooo  volts.  With  a  boiler  iron  or  tubu- 
lar case  the  general  practice  is  to  carry  the  leads  out  through  the 
d  >ver  only. 

For  voltages  above  16500  volts,  in  order  to  obtain  safe  creep- 
age  distances,  the  outdoor  outlet  bushing  is  made  up  of  two  or 
re  porcelain  insulators  cemented  together.  It  is  necessary  to 
place  this  type  of  bushing  in  a  vertical  position  so  that  it  will  shed 
water  properly  and  it  can  therefore  be  located  only  on  the  cover 
of  the  transformer.  The  usual  practice  in  building  up  these  bush- 
ings is  to  use  a  plain  porcelain  bushing  for  the  base  such  as  is  or- 
dinarily used  for  indoor  service,  on  top  of  which  are  cemented, 
one  above  another,  enough  petticoat  insulators  to  obtain  the  safe 
creepage  distance  corresponding  to  the  line  voltage.  The  petti- 
coats are  of  such  shape  that  they  telescope  over  one  another.    The 

Insulation     Metal  Cylinder-  Ground 
Metal  Layers  ^J^A— 


Conducting  Rod-Line    B  Metal  Layers"      Section  A-B 


FIG.   4 — CONDENSER  TYPE  TERMINAL 

lead  or  conductor  is  carried  up  through  the  center  and  is  covered 
with  an  insulating  tube  up  to  within  two  or  three  inches  from  the 
top.  The  insulating  tube  is  cemented  into  the  porcelains  and  they 
in  turn  are  cemented  together  with  weather  proof  compound. 
This  type  of  bushing  may  be  used  for  voltages  up  to  about  70000 
volts. 

For  voltages  above  70  000  volts  the  outlet  terminal  described 
in  the  preceding  paragraph  becomes  too  bulky  on  account  of  the 
number  of  petticoats  required,  due  to  the  unequal  distribution  of 
the  static  stress  between  points  at  line  and  ground  potentials.  One 
of  the  methods  of  overcoming  this  bulkiness  is  by  the  use  of  the 
condenser  type  of  terminal.  This  terminal  is  made  up  of  con- 
centric layers  of  specially  treated  paper  alternating  with  layers  of 
tin  foil,  the  layers  being  so  proportioned  in  length  and  thickness 
that  the  capacity  between  any  two  adjacent  layers  is  approximately 
the  same.  This  construction  results  in  a  terminal  with  each  suc- 
ceeding layer  shorter  than  the  layer  over  which  it  is  wound,  as 
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shown  in  Fig.  4.     The  terminal  is  made  weather-proof  by  cement- 
ing a  porcelain  petticoat  at  the  end  of  each  layer. 

As  with  indoor  transformers,  in  selecting  outdoor  transform- 
ers   for    service    on   three-phase    lines,    the    question    arises    as    to 


FIG.  5 — INSTALLATION  OF  TWO  OUTDOOR  TYPE  OIL-INSULATED, 
SELF-COOLED  TRANSFORMERS  ON  THE  LINES  OF  THE  GREAT 
SHOSHONE   &   TWIN   FALLS   WATER   POWER   COMPANY 

Capacity  of  each  single-phase  unit:  30  k.v.a.,  60  cycles, 
44000  volts  high-tension  to  2300  volts  low-tension. 

whether  three-phase  transformers  or  banks  of  single-phase  units 
should  be  installed.  With  a  three-phase  transformer  there  will  be 
three  high-tension  outlet  leads  through  the  case,  while  with  a  bank 
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of  phase  transformers  there  will  be  six  high-tension  outlet 

leads.     With  high  voltage  outdoor  transformers  this  is  a  question 

well  \\«>rth  considering.     The  main  advantages  of  the  three-phase 

nsformer  are:     lower  cost,  smaller  floor   space,  lighter  weight 

and    slightly   higher    efficiency.     The    main   disadvantages   arc: — 

of  spare  units  and  greater  derangement  of  service  in 

break    down.      In    the   majority    of    eases    where   outdoor 

tran- former^  are  installed  they  will  be  used  as  distributing  trans- 

►erve  a  limited  number  of  customers,  in  which  ease 

spare  unit  would  nol  ordinarily  be  installed  and  the  derangement 

of  service  in  case  of  breakdown  would  be  local  and  accordingly 

not   very   serious. 

It   will   be   noted   that   the   disadvantages  of   the   three-phase 
transformer  relate  almost  entirely  to  the  failure  of  the  apparatus. 
With   the  advance   in   the   art   of   designing,   building  and   treating 
transformers,    however,    the    chances    of    failure    are    very    small, 
re  is  exercised  in  the  winding  of  the  coils,  and  each  coil  is  thor- 
ghly  in-pected  and  tested.     For  voltages  above   nooo  the  end 
turns  are  more  heavily  insulated.      The  coils  are  dried  and  treated 
with  an  oil  proof  varnish  or  compound  before  being  assembled  in 
the    tran- former.     After    heing    completely    assembled    the    trans- 
former is  vacuum  dried  and  immediately  placed  in  oil.     The  trans- 
rmer  i-  shipped  completely  assembled  in  it-  own  case  in  oil,  so 
that  there  is  no  chance  for  it  to  absorb  moisture  after  heing  dried, 
and  there  is  no  necessity  for  drying  out  at  the  point  of  installation. 
The  advantages   of  outdoor  over   indoor   installations  are: — 
lower  <"-t  due  to  the  omission  of  the  housing  for  indoor  appara- 
tus  ampler  construction;  much   less  time  re'iuired   for  installing, 
and    less   life   and    property    hazard.       I  li<-    disadvantages    are    the 
f  protection    from   weather   when   inspecting  or   repairing. 
and  liability  to  molestation. 

nsidering  the  advantages  of  outdoor  transformer-,  and 
the  sati-r'  vice  they  have   rendered    since   tin-   introduction 

tran -former  for  ronnnercial  service,  it  would  seem 
that   i  formers   f"r  general   distribution,  lighting 

and   industrial   service,   in   a  temperate  climat<-.   the   outdoor  trans- 
rmer  should   prove  the   m  irahle.     The   high   voltage  out 

•r  transformer  is  a  normal  development  to  meet  present  con- 
dition hould  always  he  given  due  consideration  in  laying  out 
a  transmission  system. 


OPERATING   FEATURES    OF  MINE  LOCOMOTIVES 

G.  w.  HAMILTON 

ELECTRIC  locomotives,   in   many   instances,  arc  not   handled 
to  the  best   advan   .-  in   their   selection    sufficient 

attention  has  not  been  paid  to  the  work  which  is  to  be 
done,  the  number  of  >  to  be  hauled,  the  grades  and  curves  to 
be  taken,  and  the  relation  of  motor  capacity  to  weight  of  locomo- 
tive. By  carefully  studying  the  local  conditions  and  supplying 
equipment  to  correspond,  it  is  frequently  possible  to  secure  from 
ten  to  twenty-five  percent  increase  in  hauling  capacity  over  loco- 
motives of  the  same  tonnage  less  carefully  selected  or  operated 
under  less  favorable  circums  A  locomotive  hauling  a  trip 


MAIN    HAULA<  MOTIVE 

Wheels   inside   of    frame 

over  rough  and  unsteady  track,  with  sharp  curves  and  other  un- 
suitable conditions,  cannot  produce  the  results  that  might  other- 
wise be  expected.  It  is  of  course  a  well  known  fact  that  what 
will  suit  in  one  mine  may  not  serve  so  well  in  another,  but  there 
are  features  of  development  which  those  in  charge  should  k< 
in  view  and  gradually  plan  to  accomplish. 

1  he  tendency  today  in  most  new  shaft  mines,  with  ample 
coal  rights,  is  to  hoist  a  large  output  as  soon  as  possible  after  the 
shaft  is  down,  and  in  older  mines  e  nploying  horses  or  mules  for 
haulage  to  keep  up  or  increase  the  output  over  the  ever  increasing 
distance.     In  the   first  case  the   workings   should   be   developed  to 
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suit  mechanical  haulage    at    an    early    date,    while    in  the  second 

preparations  should  be  made  to  lake  the  mules  off  the  main  en- 
tries and  reduce  the  length  of  their  runs  to  a  minimum.     As  the 

SU<  I   electric    locomotives    for   gathering   or   main    haulage    is 

frequently  impaired  by  conditions  below  ground  which  should  not 
we  briefly  enumerate  some  of  the  main  features  producing 
these  conditions. 

In  opining  up  the  mine,  plans  should  be  made  to  keep  the 
burden  of  the  work  of  transportation  on  the  main  haul  locomo- 
tive-, and  to  this  end  the  inside  partings  or  side  tracks  should  be 
kept  as  n<  possible  to  the  cross  entries  on  the  main  road,  or 

near  the  outside  working  rooms  in  the  cross  entries,  so  that  the  run 
for  mule-,  or  gathering  locomotives,  may  be  short  and  trips  frequent, 


"  UN    HAULAGE    I.OCOMOTIVK 

Wheels  outside  of   frame 

and   their  output   greater   and   more   reliable.     It    is    well    known 
that  concentration   of   working  places  secures  the  greatest  output, 
not  lost  in  hauling  the  coal  but  in  running  after  it. 
aid   this   work   the   most   important   detail   is  good   track. 
It  or  investment  to  install   12  or   16  pound  iron  on  the  en- 

trie-,   and   two  by    four   inch   lagging  in   the   rooms   to  serve  until 
locomotives  are   installed,  as   the   saving  in   first   cost   is   soon   lost 
the  delay-.  damag<  uipment  and   stock,   reduction   in  out- 

put   and    dissatisfaction    among   the   men   caused    by   cars   leaving 
the  track,  and  the  extra  work  this  entails.     With  light  iron,  stub 
generally    follow   everywhere   except    at   the   bottom,    and 
while  they  serve  when  h  r  mules  are  used  they  must  be  re- 

placed  by   latches  to   permit   the   u-<-   of    locomotives.        In    other 
rds  it  is  necessary    not    only    to    relay    the  track  and  furnish 
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latches  for  all  working  rooms  and  turnouts,  but  it"  the  change  in 
weight  of  rail  is  marked,  the  ties  must  be  relaid  with  the  conse- 
quent work  on  the  bottom.  In  an  old  mine  the  only  way  in 
which  the  output  may  be  maintained,  or  increased,  without  in- 
crease in  cosl  of  production,  is  to  haul  large  trips  at  regular  and 
frequent  intervals.  To  this  end  locomotives  must  be  installed  and 
to  insure  their  success  the  track  on  which  they  will  operate  must 
be  sufficiently  heavy  and  well  laid.  When  the  track  is  laid,  or  re- 
laid,  it  is  good  policy  to  locate  it  to  one  side  of  the  entry,  generally 
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DIAGRAM     OF    A    PORTION    OF    A    TYPICAL     ILLINOIS    COAL     MINE 

NY. irking  the  rooms  on  both  sides  of  the  entries  is  customary 
only  in  mines  where  the  strata  are  comparatively  level.  In  the 
Pennsy'vania  and  West  Virginia  mines  it  is  usual  to  work  from 
one  side  of  the  entry  only,  in  such  a  direction  that  the  rooms  will 
drain  into  the  entry. 

the  crosscut  side,  as  by  so  doing  ample  room  is  left  on  the  rib,  or 
room  side,  to  permit  those  employed  to  pass  the  trip.  This  fea- 
ture applies  to  all  entries  over  eight  feet  in  width,  care  being 
taken  to  leave  about  18  inches  between  rail  and  near  rib.  on 
straight  track,  if  conditions  demand  a  small  clearance. 

If  the  main  haul  locomotives  are  to  visit  partings  in  the  cross 
entries  the  curve  from  main  into  cross  entry  should  be  of  at  least 
20  foot  radius  for  track  gauges  of  30  inches  and  over,  and  the  set- 
ting of  the  track  on  the  crosscut  side  will  help  in  the  laying  of  these 
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mIy  from  main  into  ci        entry  but  from  cross  entry 

When  planning  the  switch  latch  it  is  advisable  to  locate  the 
latch   well  outside  <>t    the  stub  point,  or   the   inside 

thai  v  hen  the  locomotive 

witch  point  facing,  u  may  be  slewed  over  and  so  take 

the  switch  every  tire.     Whenever  practicable  all  switches  should 

tf  the  entries  are  narrow  the  location  of  the  partings 
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ry,  and  the 

gcr  the  men  or  mules. 

•uld  be  planned  Ith  and  length,  and  it  is  good 

make  the  n  am  g  enough  to  hold   two  loaded 

tri;  :hat  should  ;.  r.r  between  parting  and  shaft  it 

until    time    for   two    round    trip-   has 

d. 

The  trolley  wire  ted  well  outside  of  the  track,  say 

-  eight  inches,  and  on  thi  i  that  workmen  may 

the  til  the  best  place,  free  from  its  obstruction. 

1  on  the  cro  n  and  mules  do  not  have 

:   it  in  going  in  t  of  the  rooms,  and  in  addition 
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to  this  the  top  is  usually  better  close  to  this  side.  Winn  lo- 
cated over  the  entry,  as  in  passing  from  the  main  road  into  a  cross 
entry,  or  into  the  hack  entry,  it  is  well  to  protect  the  wire  hy  means 
of  an  inverted  trough  of  wood  unless  ample  height  prevails. 
Where  trolley  frogs  are  needed,  they  should  he  placed  well  inside 
of  the  track  switch  so  that  before  the  trolley  wheel  strikes  the 
frog,  the  locomotive  will  be  turning  on  the  switch  and  cause  the 
wheel  to  bear  in  the  right  direction.  One  advantage  gained  by 
having  the  trolley  wire  outside  of  the  track  i>  that  the  trolley  pole 
must  extend  from  the  locomotive  out  and  up  to  the  wire,  and  in 
this  position  tends  to   follow   the   straight   wire   at  all    frogs,  and 
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This  type  of  locomotive  runs  into  the  rooms  after  the  cars,  se- 
curing power  from  the  trolley  wire  in  the  cross  entry  through  a  rein- 
forced insulated  cable  carried  on  the  reel  at  the  rear. 

should  it  leave  the  wire,  will  jump  toward  the  track  and  so  clear 
the  overhead  construction. 

If  the  track  is  to  be  redaid  and  the  trolley  located,  it  will  pay 
to  study  the  condition?  of  service  to  deter  i  ine  present  and  future 
output,  and  so  plan  all  details  that  the  hulk  of  the  work  n  ay  he- 
handled  in  the  easiest  and  most  economical  manner.  Good  track- 
insures  good  bonding,  a  very  important  part  of  the  installation, 
which  cannot  be  maintained  without  constant  inspection  if  the 
rails  are  rising  and  falling  as  the  load  passes  over  them,  or  heav- 
ing and  moving  because  of  poor  bottom. 

Another  important  feature  is  the  purchase  of  new  mine  cars 
or  the  overhauling  of  those  in   use.     If  the  mine  is  a  new  one, 
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ivy  and  well  luiilt  cars  with  simple  but  strong  running  gear 
should  be  secured,  attention  being  given  to  the  bumpers  and  coup- 
ling- that  g 1  results  maj  be  obtained  with  l<mg  trips  on  curves. 

when    backing  up.      If   the   cars   are  old   they   should   be   thor- 

ghly   overhauled,  bearing  in   mind  that   a   locomotive  hauling  30 

cars  per  trip  at  (>  to  [2  miles  per  hour  is  much  more  severe 

on  the  car  equipment  than  a  horse  or  mule  handling  from  two  to 

four  car-  at  three  to  six  miles  per  hour.     To  illustrate  the  value  of 

■  I  track  and  attention  to  rolling  stock,  we  have  known  of  mine 

f  the  same  build  and  age  which  on  test  showed  a  resistance 

<\u<:  to  friction  at  one  mine  of  40  pounds  per  ton,   and   at   another 


GATHERING  LOCOMOTIVE  RUNNING   INTO  A  ROOM    AFTER   A   CAR 

from   18  to  20  pounds.     One  can  readily  see  what  effect  this 

uld  have  on  locomotives  when  installed  to  meet  these  conditions. 

These  few  main  features  may  appear  of  much  less  importance 

than   long  or  hi  grades,   but   it   is   poorly  laid   or  light  track, 

with  cars  jumping  ofT.  hard  running,  slow  speed,  low  voltage  due 

loose   bonds    badly    placed    trolley    wire    with    loss   of    current, 

burning  of  the  trolley  wire  and  trolley  details,  and  trolley  wheels 

jumping    at    frogs    and    uneven    hangers,    that    delay    the    service, 

uce   the   output   and    increase   the   cost   continually.     There   arc 

many    locomotives   in   service  which   do  not  secure    two-thirds  of 

their  capacity  because  of  such  conditions,  and  there  are  other  lo- 

motives  which   are  badly  handicapped   because  they  were  pur- 

ch;  .   weight  only,  regardless  of  the  equipment  required.     To 

me  a  10  ton  electric  locomotive  is  much  the  same  as  a  10  ton 
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steam  locomotive,  that  is,  its  pull  is  about  one-fourth  of  its  weight 
on  the  drivers  when  on  level  track,  and  as  long  as  the  cylinders 
are  large  enough,  and  the  steam  pressure  high  enough  to  obtain, 
through  the  intervening  mechanism,  a  slipping  of  these  drivers 
under  all   conditions,   satisfactory  operation   is   insured. 

An  electric  locomotive  should  be  constructed  to  meet  the  work 
required  of  it,  and  when  it  is  known  that  10  ton  electric  locomo- 
tives are  equipped  with  motors  ranging  in  capacity  from  6  to   13 


GATHERING    LOCOMOTIVE    WITH    TRACTION    REEL 

Where  grades  are  too  steep  for  a  gathering  locomotive  to  go  into  a  room 
alter  a  car,  this  type  of  locomotive  is  anchored  in  the  cross  entry  and  a  steel 
cable  is  drawn  into  the  room  and  fastened  to  the  car.  This  cable  is  then 
wound  on  the  reel  by  means  of  a  small  motor,  dragging  the  car  up  to  the 
locomotive. 

horse-power  per  ton  and  their  operation  guaranteed,  the  need  for 
careful  investigation  should  be  apparent.  It  is  therefore  to  the 
interest  of  all  who  contemplate  the  use  of  electric  locomotives  to 
have  the  conditions  of  service  gone  over  on  the  ground  by  a  repre- 
sentative of  the  manufacturer,  if  the  data  required  cannot  be 
otherwise  obtained,  so  that,  should  a  purchase  follow,  apparatus 
which  will  give  the  highest  efficiency  and  economy  will  have  been 
secured. 
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II   PREVENTIVE  I.I-  \I>S 

H    fc    HfcLLMl  SL>  and  I     u     lJ    SMI  rH 

IN  ilic  article  on  "Single- Phase  Commutator  Motors"  in  the  Feb 
ruary  i  mown  that  to  operate  a  direel  current  series 

immutator  motor  on  alternating  current  certain  changes  arc 
ne  ad    the    design    and    construction    tend    toward    certain 

finite  characteristics  which  arc  inherent.     A  review  of  some  of 
these  features  leads  directly  to  a  further  discussion  of  certain  de- 
gn  details  in  connection  with  motors  of  this  type,  especially  with 
relation    Uj   the   use   of    various    arrangements   of   "preventive"    or 
"resi  tance"  lead-  in  the  armature  winding. 

The  sparking  caused   by  the  current  due  to  the  transformer 
acl  the  main  field  flux  on  the  coils  short-circuited  by  the  brushes 

and  the  iron  loss  dec  to  tin  nating  nature  of  the  flux  are  inherent 

dil  hich  have  to  be  ne  in  order  to  secure  successful 

operation  of  an  alternating-current  series  commutator  motor.  The 
n  be  reduced  by  using  a  laminated  field  structure,  as 
u  licated  before;  the  short-circuit  current  can  be  reduced  by  using 
a  »w  main  field  value.  LJut  even  using  as  low  a  value  as  is  consistent 
with  the  rest  of  the  mot  >r  design  and  construction,  it  is  desirable  to 
further  reduce  the  sparking  and  burning  due  to  this  short-circuit 
current.  It  will  he  evident  then,  that  if  so  ne  means  of  further 
decreasing  this  uit   current   without   decreasing  the   field 

flux  '\cre  inti  1  in  the  i  cuit  co  i  prising  a  coil,  two  com- 

mutator bars  and  a  brush,  either  more  successful  and  satisfactory 
uld  he  obtain*  for  the  sa  ne  degree  of  satisfactory 

ngcr  field  flux  could  he  used,  with  consecment  in- 
Next  to  reducing  the  voltage,  the  most  natural 
mc  nt  in  a  circuit  is  by  inserting  resistance  in 

tance  is  used  hetween  the 
nd  the  ;  by  them,  the  short-circuit  cur- 

rent will  be  1  he  placed  between 

indifated  schem- 

leads,  as  thus  con- 

kvhen  a  coil  i  ort-circuited  by 

the  commutator  bars. 

•  nt  as  the  armature 

s  which  are  momentarily 


SINGLE-PHASE    COMMUTATOR    MOTORS         353 


Short-Circuited  Cod 


in  contact  with  the  brushes  carry  the  working  current;  at  all  other 
points  around  the  armature  the  working  current  passes  through  the 
armature  coils  only. 

The  question  of  the  advisability  of  using  resistance  leads  to 
improve  the  commutation  of  a  motor  has  been  much  discussed,  due 
to  the  fact  that  there  are  inherent  advantages  and  disadvantages  in 
this  scheme.  At  the  same  time,  however,  it  appears  from  some 
discussions,  that  the  function  of  resistance  leads  and  certain  of 
their  effects  upon  the  operation  of  the  motor  are  not  generally  un- 
derstood. In  discussing  this  matter  in  detail,  a  number  of  well 
known  facts  will  have  to  be  repeated. 

The  main  purpose  of  the 
resistance  leads  is  to  improve 
the  commutation.  In  fulfilling 
this  purpose  they  are  superior 
to  any  other  means,  as  they  are 
effective  in  reducing  the  short- 
circuit  currents  under  all  con- 
ditions. They  are  equally  effec- 
tive for  all  motor  speeds,  and 
not  only  reduce  the  current 
caused  by  the  fluctuation  of 
the  main  field,  but  are  also  ef- 
fective in  reducing  any  other 
currents  which  may  be  induced 
in  the  short-circuited  coil  by 
higher     harmonics     or     current 


II        I        CommuUtor 


'Short-Circuit  Current 
"  Lcud  Current 


FIG.  I — SCHEMATIC  DIAGRAM  SHOW 
ING  ARMATURE  COIL,  WITH  RE' 
SISTANCE  LEADS,  SHORT-CIRCUIT 
ED   BY    BRUSH 

surges  caused  by  hunting  phenomena  and  the  like. 

A  second  marked  advantage  of  the  resistance  leads  is  that  they 
reduce  the  losses  in  an  alternating-current  motor.  It  is  especially 
in  this  connection  that  the  effect  of  resistance  leads  is  frequently 
misunderstood,  as  the  word  "resistance"  naturally  suggests  addi- 
tional losses.  The  ohmic  losses  in  an  alternating-current  armature 
consist  of  two  parts;  first  the  losses  due  to  working  current,  which 
are  the  same  as  in  a  direct-current  machine,  and  second,  the  losses 
due  to  the  short-circuit  currents  flowing  in  the  circuits  formed  by 
each  armature  coil,  as  short-circuited,  and  the  brushes,  as  shown  in 
Fig.  1.  It  is  evident  that  if  the  resistance  of  each  coil  and  the  brushes 
as  short-circuited  is  very  small  the  short-circuit  current  will 
be  very  large,  and  consequently  the  losses  caused  by  the  short- 
circuit  currents  will  be  very  large.     This  is  evident  as  these  losses 
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arc  practically  equal  to  the  product  of  the  short-circuit  current 
times  the  short-circuit  voltage,  which  latter  is  definitely  fixed  by 
the  magnitude  of  the  field  flux,  in  other  words,  the  total  losses  in 
the  armature  are  large  if  the  resistance  of  the  short-circuited  coil 
is  low.  If,  however,  a  certain  resistance  be  added  between  the 
short-circuited  coils  and  the  brushes,  the  current  flowing  will  be 
reduced  and  with  it  the  short-circuit  losses,  the  field,  and  therefore 
the  voltage  being  assumed  to  remain  the  same.  While,  at  the  same 
time,  the  losses  due  to  the  working  current  will  be  somewhat  in- 
creased, it  can  be  shown  by  a  simple  calculation,  that  by  adding  a 
certain  value  of  resistance  the  reduction  in  the  losses  caused  by 
the  short-circuit  current  is  greater  than  the  increase  in  losses 
caused  by  the  working  current  flowing  in  this  resistance,  and 
that  a  minimum  value  of  total  losses  is  obtained  when  the  short- 
circuit   current   is   approximately   equal   to   the   working   current.* 

This  is  indicated  by  the  curve  in 
Fig.  2,  which  shows  how  the  total 
losses  in  the  short-circuited  coil 
vary  with  the  resistance  of  the 
leads.  It  will,  therefore,  be  seen 
that  the  introduction  of  resistance 
Toui  Roiaanc  oi  Grcuh  leads     of     proper     design     actually 

means    a    reduction    in    the    motor 

FIG.    2 — CURVE    SHOWING    RELA- 

tion   of  losses   in   short-        losses>  and  therefore,  an  increase  in 

circuited  armature  to  to-        the  motor  output. 

tal  resistance  ix   circuit  The  third  advantage  of  the  re- 

sistance leads  is  to  be  found  in  the  improved  starting  condi- 
tions of  the  motor.  This  can  be  best  explained  by  refer- 
ence to  the  simple  vector  diagrams  shown  in  Figs.  3,  4  and 
5.  For  the  purpose  of  demonstrating  the  point  under  con- 
sideration it  will  be  fully  permissible,  for  the  sake  of  simplicity, 
to  neglect  the  effect  of  the  motor  core  losses  and  the  magnetic  leak- 
age. Fig.  3  represents  the  conditions  as  they  would  exist  without 
any  short-circuit  current  losses.  The  vector  F  represents  the  main 
field  flux  whose  phase  is  90  degrees  behind  the  impressed  voltage 
of  the  field.  The  value  of  F  is  assumed  to  be  constant  in  the  three 
cases.  Under  the  assumed  condition  of  Fig.  3,  viz.,  of  no  short-cir- 
cuit current  losses,  the  field  flux  is,  of  course,  induced  by  the  working 
current  of  the  motor  only,  as  field  and  armature  are  in  series,  and 


ii 


*See  book  on  "Alternating-Current   Commutator   Motors,"  by   Dr.   Ing. 
R.  Goldschmidt,  page  49. 
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is  therefore  in  phase  with  this  working  current.  The  voltage  drop 
caused  by  the  ohmic  resistance  in  the  motor  is  in  phase  with  the 
current  and  is  represented  by  the  vector  Tv.  The  resultant  of  this 
vector  and  Ei,  the  inductive  voltage  of  the  field,  is  E,  which  repre- 
sents the  total  impressed  voltage  required,  since  under  starting  con- 
ditions no  rotational  voltage  is  induced.  The  torque  under  these 
conditions  is  directly  proportional  to  the  field  times  the  current, 
since  the  current  and  the  field  are  in  phase  with  each  other. 

Referring  now  to  Fig.  4,  which  takes  into  account  the  effect 
of  the  short-circuit  current,  the  voltage  induced  in  the  short-cir- 
cuited coil  lags  90  degrees  behind  the  field  flux  F,  and  if,  as  pre- 
viously  assumed,   the  self-induction   of   the  short-circuited   coil   is 
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Vo!t»  =  18.6 
Ampere*  =  1  6.0 
Vol|.Ampi.=  297.5 
Co.  ♦  =  0.336 
W«IU  =  100. 


AT. 


FIG.   3 


VolU  =  21.4 
Amperei  =r  19.5 
Volt-Amps.  =  417.0 
Co.   •  =0.615 
Wall,  =  2S6. 


FIG.    4 
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Voll.  =  20 
Ampere*  =17 
Volt.Ampt.  =  340 
Co..   1  =0.512 
Watt.  =  174. 


FIG.    5 


VECTOR     DIAGRAMS      SHOWING     EFFECT     OF     SHORT-CIRCUIT     CURRENT     ON 

POWER-FACTOR  OF   MOTOR 

Fig  3;  short-circuit  currents  neglected. 

Fig.  4  shows  the  case  of  an  armature  without  resistance  leads. 

Fig.  5  shows  the  case  of  an  armature  with  resistance  leads. 

neglected,  the  current  in  the  short-circuited  coil  will  be  in  phase 
with  its  voltage.  The  short-circuit  current  and  the  ampere-turns 
caused  by  it  may  therefore  be  represented  by  the  vector  ATs. 
Since  these  short-circuit  current  ampere-turns  have  a  certain  effect 
upon  the  main  field,  the  phase  and  size  of  the  working  current 
drawn  by  the  motor  from  the  source  of  power  must  be  such  as  to 
combine  with  the  short-circuit  current  ampere-turns  to  give  the 
constant  resultant  magnetizing  ampere-turns  ATv,  which,  of  course, 
must  be  in  phase  with  the  constant  main  field  flux.  A  working 
current  giving  the  ampere-turns  ATa.  is  therefore  obtained  which 
together  with  the  magnetizing  ampere-turns  of  the  short-circuit 
current  ATs  gives  the  same  field  as  in  Fig.  3.    The  torque  of  the 
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motor  is  now  equal  to  the  product  of  flux,  current,  and  the  cosine 

ngle  oi  phase  displacement   n  between  the  vector  corre- 

nding  to   the   line   current   and   the   field,   respectively.      It  will 

be  seen,  however,  that  the  working  current  necessary  to  obtain  this 

jue  is  considerably  larger  than  under  the  assumed  conditions  of 

Fig.  3.     Also,  the  watts  input  to  the  motor  have  been  increased. 

If  now  resistance  leads  are  introduced,  thereby  increasing  the  re- 

tance  of  the  short-circuited  coil,  the  short-circuit  current  will  of 

course  be  reduced  and  the  relations  shown  in  Fig.  5,  intermediate 

between  those  of  Figs.  3  and  4,  are  obtained.     In  this  figure  the 

short-circuit  current  and  the  corresponding  ampere-turns  ATs  are 

smaller  than  in  Fig.  4,  and  consequently  the  ampere-turns  due  to 

working  current,  ATz,  and  the  working  current  necessary  to  obtain 

the  same  torque  have  been  de- 
creased. Also,  the  total  watts  in- 
put to  the  motor  have  been  de- 
creased. 

Attention  should  also  be  call- 
ed to  the  fact  that  an  increased 
short-circuit  current  also  increases 
fig.    6  — showing   arrangement         the    voltage    which    must    be    im- 
of   resistance   lead   betwef.x        ,)ressed  upon  the  motor  in  order  to 

THE     COMMUTATOR     AND     ARMA-  '  '  .       . 

ture  core  obtain  a  certain  torque.     This  is 

Schematic   arrangement    is    in-  indicated  in  Figs.  4  and  5.       By  the 

dicated  by  the  small  diagram  at  ,       ,       ,  1 

top  of  figure.  change  of  the  load  currents,  the 

vectors  representing  the  ohmic  drop  in  the  motor  change  as  shown 

in  Figs.  3.  4  and  5.    The  absolute  value  of  the  gain  made  possible  by 

resistance  leads  depends,  of  course,  entirely  upon  the  general  de- 

n  of  the  motor,  the  operating  frequency,  etc.,  but  the  example 
given  \-  well  within  the  conditions  found  in  practice.  Often  the 
gain  is  considerably  larger  than  shown,  especially  with  motors  for 
high  frequency,  such  as  50  and  60  cycles,  while  on  the  other  hand, 
it  may  be  less  than  indicated  in  these  figures  in  the  case  of  motors 
for  very  low  frequencies. 

The  principal  disadvantage  of  the  resistance  leads  is  that  they 
introduce  a  complication   in   the  winding  of  the   armature.     With 

ic  constructions,  this  disadvantage  has  been  very  marked,  while 
in  other  cases  it  has  been  reduced  to  practically  nil.     In  this  connec- 

-1  a  description  of  a  number  of  constructions  which  have  been 
used  will  be  of  interest. 
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ARRANGEMENTS  OF  RESISTANCE  LEADS 

One  possible  arrangement  of  the  resistance  leads  is  shown  in 
Fig.  6,  where  the  leads  are  located  between  the  armature  winding 
and  the  commutator  segments.  With  this  arrangement,  it  is  ex- 
ceedingly  difficult  to  place  resistances  of  the  proper  value,  in  the 
available  space.  Moreover,  it  is  difficult  to  support  the  leads  in  such 
a  way  as  to  make  good  mechanical  construction.  Therefore,  this 
type  is  used  very  little  at  present.  Most  frequently,  the  leads  are 
arranged  in  the  slots  of  the  armature,  as  shown  in  Fig.  7. 

In  order  to  obtain  a  lead  which  is  free  from  self-induction,  it 
is  in  many  cases  doubled  up  in  the  same  slot ;  that  is,  the  lead  is 
connected  to  the  armature  winding  at  the  commutator  end,  then 
enters  the  slot,  is  doubled  on  itself  and  returns  in  the  same  slot  to 
the  front  or  commuator  end,  where  it  is  connected  to  the  commuta- 
tor bar.     Two  possible  ways  of  doing  this  are  shown  in  Figs.  8 
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FIG.    7  FIG.    8  FIG.    9 

SHOWING    VARIOUS    ARRANGEMENTS    OF   RESISTANCE   LEAD    WHEN    PLACED   IN 

ARMATURE   SLOT   BELOW   THE   MAIN    ARMATURE   WINDING 

Schematic  arrangements  are  indicated  by  the  small  diagrams  above 
the  figures. 

and  9.  The  leads  in  these  cases  are  arranged  in  the  bottom  of  the 
slots.  In  some  cases  they  have  been  arranged  on  top  of  the  arma- 
ture winding,  with  the  idea  of  obtaining  better  cooling  for  the  leads 
—a  desirable  feature,  as  there  may  be  considerable  local  heating  in 
the  leads.  The  arrangement  of  the  leads  on  top  of  the  slot,  how- 
ever, has  the  disadvantage  that  the  leakage  fluxes  across  the  tops 
of  the  slots  induced  by  the  armature  current  are  rather  large,  as 
indicated  in  Fig.  10,  and  these  leakage  fluxes  increase  the  self-in- 
duction of  the  armature  coils,  and  as  any  increase  of  self-induction 
tends  to  increase  the  interrupted  arc  between  brush  and  commuta- 
tor bar,  this  is  a  disadvantage  in  its  effect  on  commutation.  It  also 
leads  to  an  increase  of  the  armature  reactance  voltage,  which  of 
course  is  equivalent  to  a  reduction  in  power-factor.  In  order  to 
avoid  this,  and  in  order  to  obtain  good  cooling  for  resistance  leads. 
it  is  customary  with  American  engineers  to  arrange  the  leads  at  the 
bottom  of  the  slot,   and  to  provide  the  armature  punching  with 
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longitudinal  ventilating  holes  underneath  the  slots,  and  force  air 
through  these  holes.  An  armature  punching  intended  for  this  ar- 
rangement  is  shown  in  Fig.  n.    Resistance  leads  as  shown  in  Figs. 

8  and  9,  serve  merely  as  a  resistance,  since 
they  are  practically  non-inductive  and  also 
since  the  effect  of  the  currents  flowing  in  these 
leads  upon  the  field  is  eliminated,  as  explained 
abm  e. 

Instead  of  doing  this,  it  is  possible  to  ar- 
range the  leads  in  such  a  manner  that  the  cur- 
rents   therein    will    assist    the   other    armature 
currents  in  giving  useful  torque.     One  possible 
fig.  10— showing  lo-  arrangement  of  this  type  is  shown  in  Fig.  12a.* 
of     KKSTST--  The  main  armature  windings  in  this  figure  arc 
™'x^^   shown  by   full   lines,   while  the  armature  coil 

All    K  h       r*1 1 .  * '  I  .        W  HI'  N 

is     just    in    a    neutral    zone,    is    indi- 
cated   by    a    dotted    loop    x.      The    resistance 
leads  are  shown  by  dash-and-dot  lines,  and  they  are  arranged  to 

-  from  the  commutator  end  of  the  armature  winding  under  one 
of  the  pole  faces  to  the  back  of  the  armature,  and  back  to  the  com- 
mutator end  under  the  next  pole  face.  The 
direction  of  flow  of  the  working  current  in 
the  main  armature  winding,  as  well  as  in  the 
resistance  lead-,  is  indicated  by  arrows  on 
the  lines  representing  the  windings,  while  the 
flow  of  the  short-circuit  current  in  the  leads 
indicated  by  arrows  adjacent  to  the  lead-. 
It  will  be  seen  that  while  the  short-circuit  cur- 
rent- neutralize  each  other  with  respect  to 
their  effect  on  the  flux  of  the  pole  faces,  as 
they  have  opposite  direction  in  two  adjacent 

'-.  the  working  current  flows  in  both  leads 
in  the  same  direction  as  in  the  armature  coil- 
under    the    same    pole    faces.     It    is    evident,  fig.   ii— showing  lo- 
thei  that   the   working  currents   in   the    cation  of  ebsist- 

,  .  ...  A.'  !/    IN     WIND- 

.      ing    motor    torque.     The 
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arrangement     or     Hg.    12a     is     for 

.     .  .  .  \  K  M  A  T  U  R  E 

tiple   winding;   the   same   arrangement    for   a    winding 

-circuit  winding  is  shown  in  Fig.  126.    The  effect  just  described 


'For  more  complete  treatment  of    this    subject    see    article  by    Ru- 
dolf Richter,  Electrotechnische  Zeitschrift,  1906,  p.  537. 
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can  be  increased  if  the  resistance  leads  are  made  of  Is  fa  num- 
ber of  condu;  rs  instead  of  only  two  conductors.  This  is  shown 
in  Fig.  \2c.  where  the  resistance  leads  form  complete  coils  of  sev- 
eral turns  each.  In  this  case,  the  necessary  resistance  is  obtained 
by  having  a  large  number  oi  turns  of  good  conducting  material 
such  as  copper,  instead  oi  having  just  one  turn  oi  high  resistance 
material.  In  other  words,  the  preventive  effect  of  the  leads  is  the 
same,  because  the  resistance  is  the  same,  while  on  the  other  hand.- 
useful  effect  of  the  working  current  in  the  leads  is  multiplied  and 
increased  proportionally  to  the  number  of  turns.  It  is  claimed  that 
with  this  arrangement  the  output  of  small  motors  can  be  raised  a? 


. 
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FIG.  12 — SCHEMATIC  DIAGRAM  SHOWING  CONNECTIONS  AND  ARRANGE- 
MENTS OF  RESISTANCE  LEADS  SO  THAT  CURRENT  FLOW  IN  LEAD  MAY 
PRODUCE   USEFL'L  TORQUE 

much  as  ten  percent,  and  the  efficiency  as  much  as  three  percent. 
An  armature  constructed  on  this  principle,  with  the  resistance  lead 
winding  placed  at  the  top  of  the  slot  above  the  main  winding,  as 
built  by  the  Siemens-Schuckert  Company,  Germany,  is  shown  in 
Fig  13.  It  is  evident  that  with  the  arrangement  of  Figs.  i:a,  b. 
and  c  the  resistance  leads  are  no  longer  non-inductive.  They  will 
consequently  have  an  increased  reactance  voltage ;  in  other  words, 
the  arrangement  is  harmful  to  commutation.  In  order  to  reduce 
this  to  a  minimum,  the  leads  can  be  arranged  as  shown  in  Fig.  i2d; 
that  is.  in  such  a  manner  that  they  will  still  be  under  the  pole  faces, 
and  give  a  useful  torque,  while  at  the  same  time  the  end  connections 
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and  the  leakage  fluxes  around  them  are  reduced  to  a  minimum;  that 
is,  the  leads  are  arranged  near  the  pole  corners  of  the  two  poles, 
adjacent  to  each  other.  The  harmful  effect  of  the  self-induction 
"i  the  leads  is  not  very  serious  it  the  number  of  turns  is  not  too 
large.  With  only  cue  turn,  as  shown  in  higs.  \2d,  b  and  d,  it  can 
usually  he  neglected. 

While  the  above  arrangements  increase  the  torque  of  the 
motor,  it  i>  evident  that  they  introduce  quite  a  number  of  additional 
members,  such  as  conductors  and  connections,  all  of  which  naturally 
tend  to  reduce  the  reliability  of  the  armature.  This  is  the  reason 
that  these  constructions  are  not  used  in  America  for  railway  work, 
the  endeavor  being  to  have  the  armature  as  simple  as  possible.  This 
consideration  has  led  to  the  arrangement  which  is  shown  diagram- 
mat  it-ally  in  Fig.  14,  the  mechanical  arrangement  of  which  is  shown 
in  Fig.  7.  In  this  case,  the  resistance  leads  pass  only  once  through 
the  armature  slots,  in  such  a  manner  that  whatever  current  is  flow- 
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ing  in  such  a  lead  assists  the  main  winding,  while  on  the  other  hand, 
the  leads  are  made  up  of  the  fewest  possible  parts;  that  is,  with  a 
single  conductor.  At  the  same  time  this  arrangement  has  the  ad- 
vantage that  the  additional  self-induction  introduced  through  the 
resistance  leads  is  so  small  that  it  has  no  harmful  effect  on  the  com- 
mutation. Resistance  leads  of  this  type  possess  the  highest  possible 
degree  of  reliability  if,  by  choosing  the  correct  shapes  and  materials, 
they  are  properly  constructed  in  such  a  manner  as  to  take  into  ac- 
count the  centrifugal  forces,  vibrations  and  the  like,  as  well  as  the 
effect  of  heat  expansion  and  contraction,  which  are  present  in  rail- 
way motors.  Leads  of  this  construction  which  have  been  in  service 
for  a  number  of  years  in  a  great  many  motors,  are  giving  entire 
satisfaction.  It  might  be  mentioned  in  this  connection  that  con- 
siderable trouble  has  been  experienced  in  connection  with  motors 
employing  some  of  the  older  constructions.  Such  troubles  as  were 
experienced  in  this  country,  were  due,  not  so  much  to  the  burning 
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out  of  the  leads,  as  generally  assumed,  but  to  difficulties  caused  by 
the  fact  that  the  leads  did  not  stand  the  mechanical  vibration  and 
other  strain,  which  in  turn  led  to  breakage  and  open-circuits.  The 
absence  of  burn-outs  of  motors  in  this  country  is  doubtless  to  be 
accounted  for  by  the  fact  that  from  the  first,  the  resistance  leads 
have  always  been  liberally  designed.  The  breaking  of  leads  at  the 
commutator  necks  is  not  peculiar  to  single-phase  motors  as  it  ob- 
tains on  direct-current  motors  in  high  speed  service  to  a  more  or 
less  degree,  and  nearly  all  single-phase  motor  car  equipments  have 
been  used  in  this  class  of  service. 

In  spite  of  the  good  results  obtained  with  the  latest  type  of 
resistance  leads,  it  is  nevertheless  beyond  question  that  they  are  a 
complication,  and  as  such  not  wholly  desirable.     Any  attempt  to 
eliminate  them  is,  therefore,  fully  justified,  and  an  impartial  discus- 
sion  of   the   various   schemes   proposed,   as 

Load  Currents  .  .... 

Brush— -^r*|         well  as  their  possibilities  may,  therefore,  be 
commuutor-^Wx      0f  interest   for  subsequent  consideration. 

Short-Circuit  Current  \  tic  i  1  ... 

In  how  far  and  to  what  extent  it  will 

be  possible  and  economical  to  eliminate  the 

resistance  leads  is  more  or  less  a  question 

for   future  experience.     There  is  no   doubt 

Rylance UidT^i'i^      that  even  at  present  certain  types  of  motors 

fig.    14  —  simpler    ar-  without    resistance    leads    can    be    used    to 

rangement  to  produce  very  good  advantage  in  many  industrial  ap- 

the   same   result   as  plications.     Also  for  railwav  work,  at  very 

SHOWN  IN  FIG.    12.    TYPE    ,  x  ,  '        ,  o  „i     „ 

low    frequencies,   such   as    15   to    10   cycles, 

C  0  M  M  O  N  L  Y    USED    IN  H  '  "f  .  J 

America  good  results  have  been  obtained  in  burope 

with  motors  without  resistance  leads.  On  the  other  hand,  it 
may  safely  be  predicted  that  for  frequencies  of  50  to  60 
cycles  the  resistance  lead  will,  in  many  cases,  be  a  necessity 
for  some  time  to  come.  The  case  of  railway  work  with  a  frequency 
of  25  cycles,  while  being  the  most  important,  is,  at  the  present  time, 
the  most  disputed.  While  it  seems  fully  possible  that  resistance 
leads  may  eventually  disappear,  in  this  case  the  actual  experience  in 
this  line  is  very  limited  at  the  present  time,  since  by  far  the  greater 
number  of  25  cycle  railway  motors  in  America  and  abroad,  are  still 
equipped  with  resistance  leads. 


THE  MAINTENANCE  OF  ELECTRIC  RAILWAY 

EQUIPMENTS.* 

J.  L.  CROUSE 

SUCCESSFUL  maintenance  of  railway  equipment  involves  the 
securing  of  the  greatest  reliability  in  service  combined  with 
the  greatest  economy.  Ten  years  ago  it  was  the  practice,  on 
many  electric  roads,  to  have  one  or  more  electricians  whose  duties 
were,  to  be  on  hand  at  all  limes  and  make  hurried  repairs  to  cars 
which  broke  down  in  service.  In  a  word,  in  those  days,  the  prac- 
tice was  to  make  repairs  only  when  necessary  and  after  the  trouble 
occurred.  Present  day  practice  is  to  inspect  all  apparatus  at  regular 
stated  intervals,  and  as  far  as  possible  to  prevent  trouble. 

While  the  subject  of  reducing  maintenance  costs  has  been  a 
very  live  and  interesting  topic  during  the  past  several  years,  never- 
theless it  may  safely  be  stated  that  a  considerable  percentage  of  the 
small  city  and  interurban  roads  today  are  wasting  thousands  of  dol- 
lars annually  through  their  apparent  inability  to  depart  from  the 
old-fashioned  method  of  waiting  until  trouble  occurs  before  giving 
attention  to  the  equipment. 

The  principal  duties  of  the  writer  during  the  past  six  or  eight 
years  have  been  to  investigate  causes  of  delays  in  service,  and  main- 
tenance costs ;  to  make  recommendations  for  the  correction  of  the 
former,  and  ways  and  means  for  the  reduction  of  the  latter.  During 
this  time  every  effort  has  been  made  by  manufacturers  toward  im- 
proving and  developing  railway  apparatus  and  this  is  certainly  the 
surest  means  of  promoting  the  industry  since  lower  maintenance 
costs  insure  better  financial  returns.  During  this  period  many  rail- 
way repair  shops  have  been  visited  and,  to  be  candid,  the  writer  has 
frequently  wondered  how  some  companies  get  along  as  well  as  they 
do  with  the  equipments  in  the  conditions  they  were  found.  On  the 
other  hand,  there  are  a  great  number  of  roads  where  the  equipments 
are  well  maintained,  and  the  cost  sheets  at  the  end  of  the  month  as 
a  rule  bear  out  this  fact. 

There  is  seldom  an  opportunity  to  compare  consistently  the 
maintenance  costs  on  one  road  with  those  on  another.  This  is  due  to 
the  fact  that  a  great  number  of  factors  determine  the  cost  of  up- 
keep.    Among  these  are;  line  voltage,  weights  of  cars,   schedule 

•From  a  paper  read  before  the  Central   Electric  Railway  Association, 
April  4th,   1912. 
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speeds,  stops  per  mile,  gear  ratios,  capacity  of  the  equipments,  air 
brakes,  condition  of  the  track,  type  of  motors  or  control,  training  of 
the  motormen,  wear  allowed  on  axle  bearings  before  removal,  wear 
allowed  on  armature  bearings  before  removal,  wear  allowed  on 
gears  before  removal,  the  opportunity  for  and  facilities  provided  for 
inspection  and  repairs. 

Some  railroads  house,  inspect  and  make  all  repairs  at  one  place 
and  have  sufficient  numbers  of  spare  cars  so  that  regular  periodic 
inspections  may  be  made,  while  others  with  similar  mileage  and 
similar  equipment  are  obliged  to  lay  up  cars  at  various  points  and 
operate  considerable  dead  mileage  in  order  to  make  periodic  inspec- 
tions or  repairs,  resulting  in  spasmodic  attempts  instead  of  contin- 
ued, studied  efforts  to  keep  every  detail  in  good  condition. 

MAKE-SHIFT  REPAIRS 

The  average  make-shift  repair  job,  while  made  for  economical 
reasons  as  a  rule,  proves-  to  be  very  expensive  in  the  end.  For  ex- 
ample, in  many  instances  an  old  armature  is  repaired  by  putting  in 
one  or  two  new  coils,  or  splicing  out  a  damaged  coil,  the  idea  being 
that  it  is  cheaper  to  do  this  than  to  re-wind  the  armature.  In  most 
of  these  cases  the  entire  new  set  of  coils  would  cost  approximately 
$35,  but  when  completely  rewound  the  armature  would  be  good  for 
at  least  a  couple  of  years'  steady  service,  while  the  make-shift  re- 
pairs usually  result  in  another  breakdown  in  a  month  or  so.  The 
cost  of  bringing  in  the  car  and  opening  up  the  motors,  plus  the  loss 
of  traffic  and  time  the  equipment  is  out  of  service,  etc..  will  usually 
result  in  an  expense  which  is  nearly  double  the  cost  of  a  new  set 
of  coils. 

Numerous  instances  have  also  been  seen  where  cars  were 
brought  in  and  repairs  made  on  one  motor,  and  the  remaining  mot- 
ors and  equipment  on  the  car  were  not  even  examined  because  they 
had  not  been  reported  as  defective.  Now  the  larger  portion  of  the 
expense  is  caused  by  bringing  the  car  in  for  repairs  and,  while  it  is 
in  the  shop,  all  the  equipment  should  be  put  in  good  shape  before 
the  car  is  sent  out  again. 

Where  this  make-shift  kind  of  work  is  the  practice,  the  records 

usually  show  items  about  as  follows : 

July  1st — Car  No.  242  in  shop;  No.    1     motor,    grounded    armature. 

July  3rd — Car  No.  242  in  shop;    brake    trouble. 

July  4th — Car  No.  242  in  shop;     No.     2     motor,     grounded     brush 

holder. 
July  7th — Car  No.  242  in  shop;   controller  trouble. 
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Such  records  tell  their  own  stor)  and  indicate  lack  of  thorough- 
ness oi  inspection  when  the  oar  was  firsl  brought  in  the  shop  for 

The  proper  way  to  correct  this  is  Eor  the  manager  or  superin- 
tendent to  insist  on  reports  that  will  show  the  fact  that,  although 
the  car  was  in  the  shop  a  few  days  previously,  this  recent  defect  was 
nol  discovered,  and  t<»  take  sufficient  interest  on  each  occasion  to 
ask  about  it;  this  for  the  purpose  of  conveying  to  the  minds  of  the 
shop  men  that  he  is  watching  these  details.  In  this  way  he  will 
make  them  mere  thorough  in  their  work. 

In  all  cases  where  cars  are  taken  out  of  service  to  be  repaired,  a 

special  report  should  be  made  to  the  manager,  showing  the  cause  of 

trouble  and  date,  and  the  name  of  the  inspector  who  made  the  pre- 

Ejular  inspection;  the  foreman  should  he  required  to  stale 

in  this  report  whether  the  trouble  could  have  been  prevented  if  the 

had  been   properly   inspected,  or  whether   it   was   unavoidable. 

able  report  forms  may  be  provided  for  this  purpose. 

(  I  '\hll  [ONS  01"   SHOTS 

In  visiting  various  shops  the  condition  of  the  equipment  could 
frequentl)  be  foretold  by  an  inspection  of  the  shop,  storeroom  and 
ap  pile.     Often  motor  and  control  parts  were  found  strewn  over 
the  floor;  little  or  no  material  was  found  in  the  storeroom,  as  sup- 
pli<         re  used  up  as  fast  a-  received,  or  cars  were  laid  up  waiting 
them.     Large  scrap  piles  contained  casl   iron  and  steel  mixed 
also,  brass  and  copper  were  found  in  the  same  bins,  or 
quently  piled  out  in  the  yard.     I 'arts  were  found  that  might  have 
;i  repaired  by  the  men  at  odd  times,  by  removing  the  worn  parts, 
such  as  brush  holder-,  springs  and  hammers,  control  lingers,  etc.      \ 
■rable  saving  can  be  made  by  sorting  such  materials  properly, 
and  not  allowing  them  to  accumulate  for  too  great  a  length  of  time. 
Where  the  above  conditions  were  noticed,  it   followed  that  no 
tern  of  record  was  kept.    On  the  other  hand,  with  a  clean  shop, 
would  be  found  a  well-kept  storeroom,  a  small  scrap  pile, 
and  the  equipment*-  in  an  up-to-date  condition,  with  the  master  me- 
chanic or  foreman  prepared  to  give  practically  any  data  asked   for, 
■ell -kept  record. 

•-SPF.CTJ  :>  GENERAL  OVERHAUL 

The  frequency  of  inspection  periods  as  well  as  of  general  over- 
hauling mun  be  determined  by  service  conditions  and  the  equipment 
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itself.     Some  reads  have  established  inspection  on  the  mileage  sys 
trm  while  "tlicrs  inspect  on  a  five  or  ten  day  basis.    The  general 
overhauling  period  must  be  determined  by  the  life  of  bearings,  pin- 
ions, commutators,  trucks   and  brake   rigging,  but   in   no  instance 

should  it  go  longer  than  one  year. 

Inspection  — It  seems  to  be  the  general  practice  on  a  great 
majority  of  roads  to  inspect  on  a  1  000  mile  basis.  At  this  period 
each  car  should  be  placed  in  the  shop  and  all  detail  parts  thoroughly 
examined,  such  as  contact  tips,  shunts,  cotter  keys,  arc  shield-. 
carhon  brushes,  brush  tension,  etc.  The  control  and  motors  should 
be  blown  out  with  compressed  air.  All  wearing  parts  and  insulators 
-hi  add  be  wiped  clean.  Lubrication  of  bearings  should  be  cared  for 
by  seeing  that  they  are  properly  packed,  with  the  waste  firmly  press- 
ing against  the  journals,  and  by  gauging  the  oil  in  bearings  to  see 
that  they  show  the  proper  quantity.  In  fact,  every  detail  on  the  car 
should  be  put  in  shape  to  run  until  the  next  inspection. 

General  Overhauling — The  intervals  between  overhauling^ 
should  be  determined  by  service  conditions.  When  overhauling  an 
equipment,  all  of  the  apparatus  on  the  car  should  be  taken  apart. 
The  control  and  auxiliary  apparatus  should  have  the  insulating  parts 
thoroughly  cleaned  and,  if  of  fibrous  material,  should  be  thoroughly 
painted  with  a  good  insulating  varnish  or  shellac,  the  latter  pre- 
ferred, as  it  gives  a  durable,  hard  finish,  which  can  easily  be  cleaned. 
All  badly  worn  parts  should  be  replaced.  If  not  entirely  worn  out, 
they  can  be  used  on  other  cars  to  replace  broken  parts  or  parts  worn 
too  badly  to  last  until  the  general  overhauling. 

Motors — The  motors  should  be  taken  apart,  and  field  coils 
and  brush  holders  removed  from  the  frame.  Field  coils  and  wiring 
should  be  thoroughly  cleaned  and  painted  with  a  good  grade  of 
moisture-repelling  insulating  compound.  The  armature  should  be 
blown  out  with  compressed  air,  the  commutator  turned  and  under- 
cut, and  any  loose  bands  replaced.  It  is  good  practice  to  spray  the 
armature  thoroughly  with  a  good  finishing  varnish.  By  the  use  of 
a  spray  the  varnish  will  penetrate  all  of  the  crevices  and  materially 
strengthen  the  insulation.  The  brush  holders  should  be  carefully 
inspected,  and  badly  worn  parts  replaced.  It  is  also  very  important 
to  check  up  the  size  of  carbon  brushholders  and  keep  a  careful 
record  of  these  sizes,  in  order  that  brushes  can  be  ordered  with  a 
minimum  clearance  in  the  holder,  wdiich  should  net  be  more  than 
five  to  ten  thousandths  of  an  inch. 

Car  Wiring  and  Lights  — The  car  wiring  should  be  inspected 
carefully  to  see  that  there  is  no  chafing  and  that  all  connections  are 
tight  and  properly  cleated,  and  all  exposed  insulated  wire  should  be 
painted. 
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Brakes  and  Mechanical  Parts — The  brake  rigging  apparatus 
and  mechanical  parts  should  be  very  carefully  inspected  and  any 
doubtful  parts  should  be  renewed.  These  parts  air  of  vital  import- 
ance, as  .i  defecl  in  either  may  cause  a  derailment  or  accident. 

Air  Compressor  — -The  motor  on  the  compressor  should  be 
treated  iii  the  same  manner  as  the  ear  motors.  The  compressor  bear- 
ings should  be  carefully  gauged,  and  if  excessive  wear  is  found,  the 
bearings  should  be  renewed.  The  condition  of  the  gears  should  be 
carefully  checked  up.  It  is  advisable  to  note  whether  the  wear  on 
packing  rings  and  valves  is  excessive.  After  the  compressor  has 
been  thoroughly  cleaned  and  re-assembled,  it  should  be  tested  to  see 
that  there  are  no  leaks  in  the  gaskets  or  valves. 

Reversing  Cars  — One  of  the  most  serious  abuses  on  the  part 
men  which  has  been  brought  to  our  attention  of  late  is  the 
practice  of  reversing  on  four-motor  equipments.  On  some  roads  the 
motormen  apparently  are  permitted  to  do  this  on  the  slightest  provo- 
cation. This  practice  is  the  direct  cause  of  a  great  many  car  fail- 
ures,  such  as  broken  gears  and  pinions,  short-circuited  commutators, 
burned  brush  holders,  burned  reversers,  etc.  Whenever  a  motorman 
finds  it  necessary  to  throw  the  reverser  in  order  to  avoid  an  acci- 
dent, the  matter  should  be  reported  so  that  an  inspection  may  be 
made  of  the  commutator,  brush  holders  and  reversers  and  so  that, 
if  necessary,  they  may  be  cleaned  up;  in  this  way  the  probable  delay 
which  would  occur  in  service  if  the  damage  were  permitted  to  con- 
tinue after  the  car  has  been  "bucked,"  will  be  avoided. 

GRADE  OF  LABOR 

The  maintenance  and  inspection  problem  is  comparatively  easy 
solve  on  the  large  urban  properties,  where  special  men,  such  as 
controller  inspectors,  air  brake  inspectors,  motor  repair  men,  etc., 
may  be  trained  for  the  different  grades  of  work.  On  the  majority 
-mailer  properties  there  is  not  enough  work  of  one  character  to 
warrant  such  an  organization  ;  therefore,  a  few  all-round  handy  men 
must  be  employed,  and  in  such  cases  it  is  usually  economy  to  secure 
high  grade  men. 

A  great  many  roads  make  the  serious  mistake  of  employing  the 
cheapest  labor  for  oilers  because  it  is  rather  a  dirty  job,  while  it  is 
a  fact  that  the  most  expensive  repairs  are  caused  by  improper  lubri- 
cation. The  Galena  Signal  Oil  Company  is  doing  a  good  work  along 
the  line  of  improving  lubrication  conditions  by  sending  out  men  to 
deliver  lecture-  in  various  shops  on  the  subject  of  lubrication. 

TECHNICAL   GRADUATES    IN'    RAILWAY   SHOPS 

The  large  railway  companies  have  regular  apprenticeship 
courses  for  young  men  in  their  shops,  and  special  courses  for  tech- 
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nical  graduates.  The  writer  would  strongly  recommend  that  the 
managers  of  small  properties  arrange  their  organization  so  that  a 
fairly  attractive  position  will  exist  for  the  technical  graduate,  such 
as  assistant  foreman,  or  assistant  to  the  master  mechanic  or  superin- 
tendent. The  smaller  roads  offer  much  'better  opportunities  to  the 
technical  graduate  who  is  anxious  to  secure  experience  than  do  the 
larger  properties  on  account  of  the  fact  that  each  day  he  is  brought 
in  close  contact  with  every  detail  in  connection  with  the  maintenance 
and  repair  of  the  entire  equipment.  On  the  larger  properties  he 
must  work  in  some  one  department  or  section  of  the  shop  at  some 
particular  work,  and  to  a  certain  extent  does  not  get  the  benefit  of 
exercising  his  judgment  and  resourcefulness  in  seeing  the  car  as  a 
whole  brought  in  for  repairs  and  the  making  of  all  such  repairs  as 
are  found  necessary  and  consistent  with  the  requirements  of  the 
transportation  department. 

In  general,  the  work  in  a  small  shop  may  not  appeal  to  the 
average  technical  graduate ;  this  is  probably  due  to  the  fact  that  he 
thinks  the  opportunities  for  advancement  are  greater  in  the  larger 
corporations  and  also  because  there  is  a  feeling  among  the  rank  and 
file  of  the  workmen  that  the  so-called  book  learning  does  not  amount 
to  much.  Hence,  life  is  not  very  pleasant  for  the  technical  graduate 
among  them,  unless  he  happens  to  have  sufficient  good  sense  to  drop 
all  his  college  mannerisms  and  become  one  of  them,  and  make  it 
clear  to  all  of  his  fellow  workmen  that  he  does  not  consider  himself 
any  better  than  they  are,  and  that  he  is  there  to  learn  from  them  and 
in  turn  to  give  them  the  benefit  of  his  technical  knowledge  if  they  de- 
sire such  information. 

A  great  many  small  properties  could  well  afford  to  create  a 
position,  such  as  engineer  of  car  equipment,  and  have  this  man  re- 
port to  the  master  mechanic  and  make  it  his  duty  to  look  after  all 
records  and  see  that  proper  record  is  placed  on  file  showing  sizes 
and  dimensions  of  all  axles,  gears  and  pinions,  armature  and  axle 
bearings,  truck  and  wheels,  etc.,  and  work  toward  standardizing  all 
details,  such  as  air  piping,  hangers,  etc.,  and  in  this  way  reduce  un- 
necessary stock;  also  to  keep  records  showing  life  of  all  wearing 
parts,  such  as  wheels,  gears,  trolleys,  bearings,  etc.  He  should  also 
supervise  all  methods  of  testing  armature  fields,  circuit  breakers, 
etc.,  and  check  up  old  gear  ratios  and  determine  whether  power  is 
being  wasted,  etc. 

On  the  average  small  road,  the  manager  or  superintendent  looks 
to  the  general  foreman  or  master  mechanic  for  everything.  In  the 
majority  of  cases  he  is  a  very  good  man  and  gets  along  fairly  well. 
but  he  has  no  time  to  look  into  economics  and  check  things  up,  and 
as  a  rule  has  no  one  under  him  with  a  sufficient  knowdedge  of  tech- 
nical details  to  whom  he  can  delegate  these  duties ;  and  accordingly 
they  are  neglected.  It  is  for  such  situations  that  we  recommend  the 
^election  of  a  technical  graduate. 
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-24 — Operation  of  220  Volt  Direct- 
Current  Motor  on  500  Volts — It 
is  desired  to  operate  a  13  horse- 
power, 5J  amperes,  --'o  volt,  875 
r.p.m.  shunt  wound  direct-cur- 
rent motor  on  a  500  volt  circuit 
during  a  portion  of  the  twenty- 
four  hours.  Would  it  be  prac- 
ticable to  do  so  by  means  of  re- 
sistance connected  in  series  or 
by  other  simple  change  in  con- 
nections? If  so,  please  give  dia- 
gram, m.t.o'd. 
If  the  load  is  practically  con- 
stant it  will  be  necessary  only  to 
connect    resistance    in    series    with 
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Fig.    724    fa) 

the  field  and  armature  as  shown  in 

724    (a).     The   amount  of  re- 

ince  in  the  armature  should  be 

280 

cqual    to    armature  current    ohms- 

The    amount    of    resistance    in    the 

280 
field  should  be  c  ,  ,  r  ohms, 

held  current 

If  the  load   is   variable  within   nar- 

limits  this  will  still  give  fairly 

ry     results,     though     the 

ed    will    vary    considerably    due 

ariation  in  voltage  drop  acr 

the   permanent    resistance.      If   the 

1   varies  over  wide  limits  sal 

factory    operation    cannot 

cured.  :.h. 

725 — Electric  Cutting  of  Iron  and 
Steel — I  should  like  to  obtain 
information  and  references  on 
the  subject  of  a  complete  equip- 
ment for  use  in  electric  cutting 
iron  and  steel.  In  the  partic- 
ular case  in  question  it  is  desired 


to  cut   billetts  6  in.  by  6  in.,  and 
24  in.     "1"  beams.  g.r.s. 

\v  mentioned  in  an  article  on 
electric  welding  in  the  Journal  for 
January  1908,  p.  25,  such  an  outfit 
can  be  used  for  cutting  odd  pieces 
and  where  a  ragged  edge  and  the 
loss  of  a  certain  percentage  of  ma- 
terial is  of  little  account.  How- 
ever, for  commercial  work  on  a 
larger  scale  the  oxy-acetylene  or 
ox-hydric  process  is  to  be  pre- 
ferred. See  description  under  "Cut- 
ting of  Metals"  in  article  on  "Au- 
togenous Welding"  in  the  Journal 
for  August  1900,  P-  470.  Equip- 
ments for  the  former  process  are 
sold  both  by  the  Linde  Air  Pro- 
ducts Company.  Buffalo,  X.  Y.  and 
the  Davis- Rournonville  Company, 
Marion.  >'.  J.,  and  the  latter  by  the 
American  Ox-Hydric  Company, 
Milwaukee.  Wis.  c.b.a. 

726  —  Unsatisfactory  Division  of 
Load  Between  Two  Direct-Cur- 
rent Generators  —  Two  direct- 
current  generators  of  35  kw.,  300 
amperes.  115  volts  rating  are  di- 
rect connected  to  a  100  hp  en- 
ine  which  operates  at  approxi- 
mately 313  r.p.m.  When  opera- 
ting under  a  load  of  50  amperes 
one  of  the  machines  gives  only 
70  volts,  and  when  the  load  is 
increased  to  200  amperes  the 
voltage  on  this  machine  drops 
to  zero.  Upon  paralleling  the 
two  generators,  this  machine 
not  carry  any  of  the  load. 
The  armature  core  is  not  sym- 
metrically under  the  fields,  but 
is  offset  about  an  inch  at  the 
far  end.  Would  this  account 
for  the  trouble?  r.t.g. 

Thf*    trouble   could    not    lie   ac- 

nted  for  by  the  position   of  the 

armature  relative  to  the  field;  how- 

r,    there    might    be    some    end 
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thrust  on  the  bearings,  as  the  ten- 
dency of  the  field  poles  when  exci- 
ted is  to  pull  the  armature  into  a 
central  position  in  the  field.  There 
would  not  be  a  drop  of  voltage 
due  to  this  cause.  This  is  prob- 
ably due  to  the  series  field  coils 
being  reversed,  so  that  instead  of 
increasing  the  excitation  as  the 
load  increases,  the  excitation  is  de- 
creased. In  other  words,  the  con- 
nections of  the  series  field  coils  are 
reversed  so  that  the  series  field  is 
in  opposition  to  the  shunt  field. 
This  can  be  checked  by  first  run- 
ning the  machine  with  shunt  field 
only,  and  noting  the  polarity  of  the 
brushes;  second  by  running  the 
machine  with  the  series  field  con- 
nected and  the  shunt  field  open 
and  again  noting  the  polarity  at 
the  brushes.  If  the  polarity  is  dif- 
ferent in  the  two  cases,  the  con- 
nections should  be  changed  so  that 
the  current  will  flow  in  an  oppo- 
site direction  in  the  series  field.  In 
short,  the  series  and  shunt  wind- 
ings should  go  so  connected  that 
they  will  produce  the  same  polar- 
ity. W.A.D. 

727  —  Books  on  Switchboards  — 
Please  give  references  to  good 
books  covering  the  explanation, 
with  connection  diagrams,  of 
switchboards.  f.l.c. 

So  far  as  we  are  able  to  judge, 
practically  the  only  book  which 
gives  diagrams  within  five  years  of 
being  up-to-date  is  "Electric  Pow- 
er Plant  Engineering"  by  J.  Wein- 
green,  which  was  reviewed  in  the 
Journal  for  March  1910,  (Price 
10  net).  We  would  call  your  at- 
tention to  the  series  of  articles  on 
"Meter  and  Relay  Connections"  by 
Mr.  H.  \V.  Brown  appearing  in  is- 
sues of  the  Journal  from  May  1909 
to  June  IQIO,  which  will  serve  to 
cover  a  large  number  of  important 
cases.  Furthermore,  actual  dia- 
grams and  descriptions  of  various 
switchboards  were  covered  in  a 
series  of  articles  by  Mr.  H.  W. 
Peck  in  the  Journal  for  December 
1904  and  January,  March,  May, 
June.  October  and  December  1905. 
The  Eight  Year  Topical  Index 
gives  reference  to  these  and  other 
articles   on   the   subject   of  switch- 


boards  which   would    doubtless   be 
of  assistance  to  you.  c.h.s. 

728 — Effect  of  Operating  Voltage 
on  Heating  of  Alternator — We 
have  in  operation  a  2000  k.v.a. 
three-phase  60  cycle  2000  volt 
revolving  field  generator  which 
used  to  be  operated  at  about 
2  200  volts.  The  machine  ran  so 
hot  at  full  load  that  the  question 
was  «taken  up  with  the  manufac- 
turers and  they  sent  out  a  man 
who  after  investigating  had  the 
voltage  cut  down  to  about  2050 
volts.  The  machine  continued 
to  run  hot  at  full  load  but  not  as 
much  so  as  before.  For  the  same 
k.v.a.  on  the  machine  the  arma- 
ture current  at  the  low  voltage 
is  higher  than  at  the  high  vol- 
tage but  of  course  the  exciting 
current  is  a  little  less.  I  would 
like  you  to  explain  how  this  con- 
dition is  brought  about.         f.t.p. 

The  decreased  heating  with 
lower  operating  voltage  is  due  to 
the  decreased  core  loss.  In  a 
large  generator  the  core  loss  is 
several  time  the  armature  copper 
loss,  so  that  while  the  reduction  in 
operating  voltage  does  mean  an 
increased  copper  loss  for  the  same 
k.v.a.  load,  the  increased  copper 
loss  is  usually  much  less  than  the 
decreased  core  loss.  For  this  rea- 
son the  temperature  of  the  core 
will  be  less  with  the  lower  voltage. 

F.P.N. 

729 — Transpositions  for  High-Ten- 
sion Circuit — <7 — On  a  66000  volt 
transmission  line  fifty  miles  long, 
made  up  of  one  three-phase  cir- 
cuit, is  transposition  advisable;  if 
so  how  many  transpositions  are 
required?  b — Can  telephone  com- 
panies having  lines  nearby  ob- 
tain damages  for  telephone  line 
trouble  due  to  the  high-tension 
line?  c — Can  you  give  an  expla- 
nation of  the  effect  of  transpo- 
sition on  a  three-phase  high- 
tension  line  circuit,  or  give  a  me- 
chanical analogy  of  three-phase 
circuit  transposition?  d — Is  there 
any  effect,  good  or  had.  result- 
ing to  the  high-tension  circuit 
itself  with  or  without  transposi- 
tion? J.a.f. 
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>i — Tlic    transposition    of    the 

dttCtors  "ii  any  transmission 
line  is  carried  out  for  the  purpose 
of  equalizing  the  electro-magnetic 

induction  of  the  conductors  of  that 
transmission  line  oil  neighboring 
circuits.  In  order  to  obtain  free- 
m  from  electro-magnetic  induc- 
it  is  necessary  that  the  aver- 
age distance  from  any  neighbor- 
ing circuit  to  each  of  the  three 
conductors  of  the  transmission  line 
be  the  same,  and  this  can  of  course 
be  accomplished  by  transposing 
the  conductors  of  the  transmission 
line.  The  number  of  transposi- 
tions should  be  such  as  to  make 
the  sections  of  the  transmission 
line  a  multiple  of  three.  That  is 
either  three,  or  six,  or  nine  sec- 
tions, etc.  b — This  question  is  one 
for  lawyers  to  answer,  not  engi- 
neers, c — As  indicated  in  the  ans- 
wer to  a  electro-magnetic  induc- 
tion of  a  transmission  line  on 
neighboring  circuits  is  eliminated 
when  the  average  distance  or  ex- 
posure from  each  transmission  line 
conductor  to  the  neighboring  cir- 
cuit is  made  the  same.  The  out- 
going current  on  a  transmission 
line  is  always  equal  to  the  return 
current,  the  outgoing  being  on  one 
conductor  and  the  return  on  the 
other  two.  It  is  evident,  therefore 
that  if  the  exposure  of  all  conduc- 
tors of  the  transmission  line  on 
the  neighboring  circuit  be  made 
equal  there  will  result  no  electro- 
magnetic induction.  This,  how- 
ever, does  not  necessarily  apply  to 
elef  tic   induction,    d — So   far 

as  the  effect  upon  a  transmission 
line  itself  is  concerned,  no  good 
or  no  harm  is  done  by  trans- 
ng.  It  is  only  to  alter  the 
effect  of  a  transmission  line  upon 
neighboring  lines  that  transposi- 
tions are  carried  out.  not  for  any 
effect  within  the  transmission  line 
itself.  p.M.T.. 

730 — Grouping  of  Coils  in  Multi- 
Speed  Induction  Motor — The  di- 
ram  of  connections  of  Fig.  730 
''a)  shows  an  arrangement  which 
recently  came  to  the  writi 
tention,  as  used  on  a  motor  of 
rman  manufacture,  rated  at 
five    hp,    three-phase,    60    cycles, 


220  volts,  1740  r.p.m.  full  load 
Speed.  There  are  only  six  groups 
of  coils,  using  a  parallel  connec- 
tion. Each  group  consists  of 
three  coils  connected  in  series. 
There  are  28  turns  per  coil  of 
No.  13  wire.  All  motors  that  I 
have  investigated  heretofore  have 
one  group  of  coils  per  pole,  per 
phase,   whether  a  series  or  paral- 


(«) 


fc) 
i  ig  -    780    (a),    (b),   and   (c) 

lei  connection  is  used.  With  the 
winding  arrangement  shown  on 
the  sketch,  at  first  glance  it  would 
seem  that  the  motor  was  wound 
for  two  poles,  but  on  tracing  out 
the  connections  and  instantane- 
ous values  of  current  it  will  be 
found  that  a  four-pole  connec- 
tion can  be  obtained,  but  it  ap- 
pears to  the  writer  that  this  ar- 
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rangcment    would    be    likely    to 
cause  unbalancing.  J.H.K. 

The  live  hp,  three-phase  60  cy- 
cle, 2JO  volt,  four-pole  motor  of 
German  manufacture  has  an  ordi- 
nary arrangement  of  groups  for 
consequent  poles.  Instead  of  dis- 
tributing the  coils  over  all  of  the 
poles,  they  may  be  distributed  as 
well  over  the  consequent  poles 
only.  All  of  these  different  schemes 
of  grouping  and  connecting  have 
been  described  in  the  series  on 
'Winding  of  Dynamo-Electric  Ma- 
chines," in  the  Journal  for  May 
and  June,  191 1,  in  articles  by 
Messrs.  Bartmess  and  Specht.  Note 
particularly  Figs.  141,  p.  475.  and 
14S.  p.  57 J.  H.C.S. 

731 — Transformer  Connected  as 
Booster — Please  indicate  how  a 
transformer  may  be  connected 
as  a  booster.  j.d.l. 

The  connections  for  a  booster 
transformer  are  simply  to  connect 
the  primary  in  shunt  across  the  cir- 
cuit whose  voltage  is  to  be  boosted 
and  the  secondary  in  series  with 
one  side  of  the  line.  The  primary 
then  acts  as  an  exciting  winding 
and  the  secondary  is  the  boosting 
winding.  The  transformer  is  thus 
made  to  serve  practically  as  an 
auto-transformer.  With  the  sec- 
ondary  connected  in  one  way  rela- 
tive to  the  primary,  the  transfor- 
mer will  raise  the  voltage;  when 
connected  in  the  opposite  way  (i.e. 
with  either  the  primary  terminals 
or  secondary  terminals  reversed) 
the  transformer  will  have  the  ef- 
fect of  lowering  the  voltage  by  a 
similar  amount.  The  simplest  way 
of  determining  which  way  the  giv- 
en unit  should  be  connected  to 
raise  the  voltage  is  by  trial.  See 
article  on  "Alternating-Current  Po- 
tential Regulators"  in  the  Journal 
for  August  1908  page  448:  also  Xo. 
3,20,  November  1909.  For  informa- 
tion regarding  connections  and 
method  of  operation  of  induction 
type  regulators  see  article  in  the 
Journal  for  November  191 1,  page 
1008.  E.E.L. 

732 — Corona    Discharge — What    is 
meant  by  corona  discharge? 

J.D.N. 


When  the  intensity  or  poten- 
tial gradient  electrical  stress  in  air 
at  any  point  between  two  charged 
bodies  becomes  greater  than  a  cer- 
tain critical  value,  a  molecular 
change  takes  place  in  the  air  by 
which  it  becomes  conducting.  The 
conductance  of  electricity  is  ac- 
C(  'liipanied  by  luminosity,  and  since 
the  stress  is  always  highest  at  the 
surface  of  one  of  the  conductors, 
the  conducting  air  forms  a  lumi- 
nous "corona"  or  crown  on  the 
surface.  When  at  the  surface  of  a 
conductor  this  conductance  of 
electricity  takes  place,  accompan- 
ied by  luminosity,  it  is  commonly 
referred   to  as  a  "corona  discharge." 

C.F. 

733  —  Operation  of  Horn  Gap 
Lightning  Arrester — How  does 
the  horn  gap  lightning  arrester 
break  the  flames  of  current  after 
the  lightning  has  discharged. 

J.D.N. 

The  horn  gap  used  in  series 
with  some  current  limiting  devices, 
such  as  a  resistance,  tends  to  sup- 
press an  arc  by  the  upward  cur- 
rent of  air  caused  by  the  heat  of 
the  arc  itself.  This  sweeps  the  arc 
upward  and  stretches  it  until  the 
resulting  drop  across  the  arc  and 
reduction  of  current  value  cause 
the  arc  to  break.  This  character- 
istic becomes  obliterated  by  the  te- 
nacity of  the  arc  at  40  to  60  am- 
peres. On  the  other  hand,  very 
small  currents  do  not  make  enough 
heat  to  rise  properly  and  often 
hang  tenaciously  at  the  low  cor- 
ners of  the  horns.  This  may  ec- 
cur  with  currents  up  to  0.5  ampere. 

R.P.J. 

734 — Vector  Relation  with  Trans- 
former Connection — Please  ex- 
plain the  vector  relation  of  pri- 
mary and  secondary  voltage  of 
the  transformer  connection 
shown  in  Fig.  734  (a).  J.T.C. 

Denote  the  grounded  (or  neu- 
tral) line  by  O,  the  lines  to  which 
the  primaries  of  the  transformer 
are  connected  by  a  and  b,  and  the 
fourth  line  by  the  letter  c.  Then 
the  voltages  from  neutral  to  the 
respective  lines  and  the  voltages 
between  lines  are  given  by  Fig.  734 
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(b),  ■':'   and    ( '.    representing 

the  e.m.f's  between  line  0  and 
lines  .:.  b  and  c  in  magnitude  and 
phase.  Denoting  the  low-tension 
terminals  by  d,  <■  and  /  Fig.  734 
.  it  follows  that: — The  e.m.f. 
between  J  and  <•  is  in  the  same 
phase  as  the  e.m.f.  between  0  and 
a  represented  by  line  dt  Fig.  734 
1  m.f.   from   <•   to  /   is  in   the 


Figs.    734    (a),    (b),  and    (c  i 

ie  phase  as  the  e.m.f.  between 
O  and  b,  represented  by  line  ef; 
the  e.m.f.  between  /  and  </  is  in  the 

.e  phase  as  the  e.m.f.  between 
O  and  c,  represented  by  line  fd. 

i.i'. 

735 — Design  Details  of  Commuta- 
tor Watthour  Meter — What  is 
the  purpose  of  the  holes  in  the 
aluminum  disk  of  sonic  makes 
of  commutator  type  watthour 
meters? 

We  do  not  know  that  they  are 
tiiy  use.  They  are  probably  put 
in  because  the  same  disk  is  stand- 
ard for  other  meters.  In  an  alter- 
nating-current wattmeter,  for  ex- 
ample, such  holes  would  serve  to 
prevent  creeping.  w.b. 

736— Tests  for  Comparing  Carbon 
Brushes  —  Please      indicate      the 
most    important    tests    for    com- 
paring   carbon    brushes    for    di- 
rect-current commutators.     Two 
or     three     different    grades    and 
makes  of  brushes  would  be  com- 
pared. J.E.I. 
It   has   been    found,   as   a   rule, 
that   laboratory   tests   are    of  little 
or  no  value  in  determining  whether 
a    brush    is    suitable    for    a    direct- 
current    machine.      The    only    way 
we  have  been  able  to  get  satisfac- 
tory results   is  to  try  the   brushes 
on    the    machine    or    type    of    ma- 
chine   in    question,    and    determine 
m  actual  service  conditions  what 
brush   or  brand  of  brushes  will  give 
the    best    results.      Such    things   as 


the  hardness,  the  texture,  the  con- 
ductivity, finish,  etc.,  can  l>e  judged 
by  an  examination  of  a  few  brush- 
es, hut  those  do  not  yive  a  meas- 
ure of  the  service  which  may  be 
expected  of  the  brush  when  used 
on  a  particular  machine.  It  has 
also  been  found  that  the  different 
direct-current  machines  require 
different  grades  of  brushes,  and 
this  can  only  be  determined,  as  a 
rule,  by  actual  service  tests.      C.E.s. 


CORRECTIONS 

In  the  article  on  "Relation  of 
Flywheel  and  Motor  Capacity"  in 
the  March,  1912  issue,  the  first  line 
in  the  subtitle  to  Fig.  2,  p.  274, 
should  read.  "Since  the  speed  drop 
and  torque  are  assumed  propor 
tional." 


In  the  diagram  Fig.  5,  of  the  ar- 
ticle on  "Commutation  and  The 
Interpole  Railway  Motor"  in  the 
Journal  for  October,  1910,  p.  764, 
the  usual  convention  regarding  the 
method  of  indicating  the  relation 
between  direction  of  flux  and  di- 
rection  of   current   in   a   conductor 


a^a    1     t      fcr* 
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was  not  followed.  Moreover,  in 
the  seven  diagrams,  the  direction 
of  flow  of  current  in  the  rif^ht  hand 
interpole  windings  should  have 
been  indicated  as  opposite  to,  in- 
stead of  the  same  as,  the  direction 
of  flow  in  the  left  hand  interpole 
windings.  The  revised  set  of  dia- 
grams herewith  will  serve  to  cover 
the  matter  correctly. 
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PERSONAL 

Mr    i '..   E.  I.    Bi  the  well  known 

ectrical    engineer   of    Baden,    Switzer 
mi.  recently  arrived  in  San   Fran 
i  a  tri|>  around  the  world.     <  >n  his  trip 
the  United   :  he  will  stop  al 

number  of  cities  and  in  New  York 
ill  be  tendered  a  reception  at  which  he 
ill  be  formally  notified  of  his  elect 

honorary  membership  in  the   Ameri- 
n   Institute  of  Electrical  Engineers. 


yens   has   recently   been 

ed   in  charge  of  the  Detroit   district 

the   Westinghouse   Elec- 

&    Mfg.   Company,  with  the  title  of 

rid      Manager.        Mr.     Owen?     was 

n    in    1877   near   Annapolis,    Md..   and 

duated    from    Columbian    University, 

Washington,  I).  C.     He  entered  the  em- 

inghouse   Company  in 

■king   the    apprenticeship    course 

fter    which    he    -pent 

-    years    in    the    engineering    depart- 

■  'ii   switchboards  an  1 

lers.     For  the  last  eight  years  he 

-   '      n  connected  with  the  New  York 

ffice,    having    had    charge    of    the 

istrial    and    power    division    for    the 

years  previous  to  his  transfer  to 


Mr.   Frank   I ).   Chase,  architect  of  the 

n    Electric   Company,  has  op 

in    the    People's    Gas    Building. 

•he    practice    of    architect- 

■al  and  industrial  engineering,  making 

specialty  of  manufacturing  plants  and 

erchantile  building 


appointment  ring 

rks  dire  is  been  announced  by 

ment    of    the    Westinj 

Electric     &     Mfg.     Company,     effective 

rch    1  :      Mr.   J.    McA.    Duncan,    for- 

ant  mai     ej         1  work-,  to  be 

work-  accounting:  Mr.  E.  R. 

nerly  e        of 

be  director  of  manufacturing 
rations;   Mr.  A.   B.   Reynders,   - 
ant  to  man   ger 
-  iction  :    Mr. 

vVm.    Cooper,    formerly   engineering   in- 
he   dire  buildings  and 

nt:    Mr.    C.    B.    Auel,    form 
anager   of    works,   to   be   di- 
nandards,   prnces-es   and   ma- 
ds:   Mr.    C.    \V.    Johnson,    formerly 
nt  manager  of  works,  to  be  gen- 
superintendent. 
•'r.     \V.     T.     Both  well,     formerly     in 
-ge  of  the  detail  testing  department. 
s     been     appointed     engineering      in- 
spector. 


Mr.   B.   R,   -  ctrical  enj 

for  the  Carnegie  S  rnipany  in  the 

Y.  lungsti  iw  n  district, 
superintendent    of    the    new    Briar    Hill 
impany,  Youngstown,  Ohio. 


Mr.  Aldis  H.  Hibner,  power  engi- 
neer of  the  Livingston-Niagara  Power 
ipany,  has  recently  resigned  and 
accepted  the  position  of  electrical 
commercial  engineer  of  the  Empire 
-  v\  Electric  Company  of  Auburn, 
New  York. 


Mr.  X.  B.  Davis,  general 

neering  department  of  the  Westing- 
house  Electric  &  Mfg.  Company,  has 
recently  been  transferred  to  the  Chat- 
tanooga  sales  offic 


WESTINGHOUSE  CLUB  BANQUET 

The  annual  banquet  of  the  Westing- 
house  I  !lub  ■:,  -  held  at  the  Fort  i 
Hotel,  Pittsburgh,  Pa.,  on  March  i<>. 
about  500  being  present.  Mr.  E.  M. 
Herr,  president  of  the  Westinghouse 
Electric  &  Mfg.  Company,  acted 
toastmaster.  The  other  speakers  were: 
Col.  H.  G.  Prout.  vice-president  and 
general  manager  of  the  Union  Switch 
Signal  Company;  Mr.  A.  L.  Hum- 
phrey, general  manager  of  the  West- 
inghouse  Air  Brake  Company:  Mr.  T. 
C.  Clifford,  of  the  Pittsburgh  Meter 
Company:  Hon.  Geo.  W.  Guthrie, 
mayor  of  Pittsburgh:  Mr.  G.  E.  Tripp, 
chairman  of  board  of  directors  of  the 
Westinghouse  Electric  &  Mfg.  Com- 
pany: Mr.  J.  J.  Jack  ttorney 
the  Westinghouse  Electric  &  Mfg.  Com- 
pany, and  Mr.  E.  H.  Sniffin,  -ales  man- 
r  of  The  Westinghouse  Machine 
ipany. 


OBITUARY 


Rear    Admiral    George    W.    Melville. 
U.    S.    X..    retired,    died   at   bis   home   in 
Philadelphia    on    March    17. 
71. 


Mr.    Daniel    D.    Di  eneral    man- 

ager of  the  Xational  Carbon  Company, 
died    in    Cleveland    on    March    8.      Mr. 
Dickey  was   born   in   Pittsburgh   in    ; 
and    graduated    from    what    is    n 
University  -burgh. 


Mr.    Henry    W.     Spang.er.    ; 
of    dynamical    engineering    of    the    Uni- 
versity  of    Pennsylvania,   died   in   Phila- 
delphia on   Sunday.  March   17th. 


12 


THE  ELECTRIC  JOURNAL 


PERSONAL 

Th  ring  engineering  apprentio 

apprentice  coui 
use    Electric   8    Ml 
npany  ike     permanenl     p 

■he  firms  indicated  after  their 
Mr    <  i    l      Newell, 
the  Electric  Com- 
Mr.  D.  11.  Cronheim  and  Mr    S 
ningham   Lighl    &    Pew 
npany,  Birmingham,  Ala.;  Mr.  W.  F. 
•  ing  department,  West 
1  amp   Works,   Bloomfield,   X. 
Mr.   <  >    F.   Knight,   Buffalo  district 
l     mpany  :   Mr.  W.  C. 
I,    Cincinnati    district    office,    the 
.mpany;   Mr.   G.   1.  Thatcher, 
.     C  as!     Artillery,     l;ort 
.     Ya.:     Mr.    Geo.     S.     McElroy, 
Buffalo  district  office,  the  Electric  Com- 
pany: Mr.  S.  M.  Anson,  Boston  district 
the    Electric    Company:    Mr.    R. 
Allen,    Boston    district    office,    the 
trie    Company:     Mr.    II.     EC     Eiay- 
salesman,     Walter     E.     Hill     & 
mpany,  job'"--.  Baltimore,  Md.;  Mr. 
iburgh    district    ofl 
ric     Company:      Mr.      II.      C. 
Itzclaw,  New  York  district  office,  the 
impany;   Mr.   C.   S.    Andrew, 
Indianapolis    office,    the    Electric    Coin 
pany;   Mr.   A.  J.   Walrath,   Detroit   dis 
•:ice.  the   Electric  Company;    Mr. 
T       B.     Cr  Westinghouse     Air 

ke  Company.  Wilmerding,  Pa.;   Mr. 
A.  :  rong,    Coast    Artillery    Corp-. 

1"  nment;    Mr.    Don    Castle, 

wn     Electric     Company.    James  - 
n,   X.   V.:    Mr.    Frank   W.    Horning, 
\V    H.  Shott,  electrical  contractor,  Chi- 
Mr.   H.    I-"..   Buchanan,   Dong 
ilroad    Company.    New    York 
Mr.    W.    E.    I'.aker,   in    charge    of 
effi  by  Shoe  Com 

outh,    Ohio:     Mr.     D.     L 
Brazil    Railway    Company,    Sao 
Brazil;     Mr.     Drewry     Ka 
baum.      R  ter      Railway      &      Light 

X.   Y. :   Mr.   1'..  M. 
ic     Commission 
la:   Mr    Paul   X.   Pit- 
.gineering    department,    Pitts- 
ipply  Company,   Pitts- 
bur. 

The  ng  men  have  taken  perma- 

nent   position    with    the    Westin#h< 

ompany  at   th 

:     Mr.    II.    E.    Applc- 

partmen'  :    Mr. 

n.  D.  &  S  rtment; 

H.   V.  R.  &  D.  sales  de- 

,n.   I.   &   P. 
Mr.   H.   P».   Reyn 
Mr.    Paul    Simpson,    ser- 
I  partment. 


A.  1.  E.  E.  CONVENTION 

Industrial  and   Power  Section  ol 
the     American     Institute     of     Electrical 
Engineers    will    hold    a    convention    in 
burgh  on  April  25  26  27. 
I  he  annual   com  entii  in   of   the   Insti 
tute  will  be  held   in   Roston  at   the  new 
.1   I  [otel,  June  25  28. 

NEW  BOOKS 

"Teli  phony"  Samuel  G.  McMeen  and 
Kempster  B.  Miller.  948  pages,  (171 
illustrations,  7  by  10  inches.  Pubj 
lished  by  the  American  School  of 
Correspondence,   Chicago,    111.      P 

I  00. 
This  comprises   a   comprehensive  and 
detailed    exposition    of    the    theory    and 
practice  of  telephony.     The  book  is  di- 
vided  into  53   chapters,   is   profusely   il- 
lustrated,   and    printed    in    clear,    ea 
reading   type.     The  book   is   apparently 
quite    up-to  date.      The    theory    and    ap 
plication    of    Pupin   or   loading   coils    m 
ribed,  also  various  forms  of  relays, 
automatic  and  automanual  systems,  1 
After    taking    up    in    detail    the    various 
kinds  of  subscriber's  apparatus,  a  num- 
ber of  chapters  are  devoted  to  the  dif- 
ferent forms  of   switchboard  apparatus, 
line  and  underground  construction, 
vice    connections,    testing,    etc.      To   on< 
who  wishes  to  gain  a  general  knowb 
of    telephony    in    all    its    branches,    this 
book  should  prove  of  much  value.     It  is 
written   in   the  so-called   correspond 
school     style    and    is    one    of    the    most 
elaborate  works  extant  on  this  subji 


"Power    House    Design" — John     F.    C. 
,1.     44K  pages,  181   illustrations,  17 
tes.        Published      by      Longm 
een    &    Company,    Xew    York   City 
I 'rice.      $6.00. 

treatment  of  power  house  en 
gineering  in  its  broader  aspect  require 
a   large    fund   of  knowledge  in  order  t< 

rward  proficiently  the  variety 

problems   which    present   themselves   it 

this  work,  involving  the  choice-  of  loca 

tion,   equipment   and    structure  concord 

ant   with  all   the   conditions,   mechanics 

and   electrical,  and  the  establishment  0 

the     most     economical     station     viewe 

from    the    standpoint    of    the    source  o 

ry   supply   and  the   facility  of   it-.  d< 

'■:.  and  as  well  as  the  operating  fai 

customarily  entailed.  In  face  of  lit 

wide  reputation  the  author  enjoys  in  tr 

engineering    pr  n    both    at    horr 

and    abroad    CGreat    Britain),    and 

ence  actually  acquired  in  tl 
direction    of    such    undertakings,    it 
almost   unnecessary  to  state  his  qualll 
cation    for  successfully  coping  with  tl 
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;       Moreover,   the  author  has  not 

ted    foment    with    his    own    personal 

ns,  but  has,  in   a   limited   way. 

drawn    upon    other   authentic    informa- 

1  he   author  thus  has  throughout 

en   much   pains  to  insure  the  quality 

k.      At    the   outset,    the    very 

•  of  the   subject   is   discussed  in  the 

:ation  of  the  different  characters 

lemand  which  call  for  a  power  sup- 

and  an  outline  of  the  elec- 

-!   condil  generally  prevailing  is 

en.    ( Chapter  1 1  presents  a  careful  di- 

•  of    the    factors    which    govern    the 

-ites   for  a  new  plant,  denot- 
ing proper  regard   for   future  extension 
if    the    community    or    in- 
try.     Building  considerations  appear 
in  Chapter  III.  embracing  architectural 
ire>,    foundation    requirements,  con- 
struction     materials,      chimneys,      pro- 
ms conducive  to  efficiency  in  opera- 
■   the  plant  and  relative  cost  data. 
The  vine    four    chapters    (IV,    V, 

VI     and    VII)    are     devoted   to    steam 
plant    details    and    are    taken    up 
irresponding    analytical    manner, 
in    addition    to    essential    topics    of 
and  boiler-room   design,  stokers, 
ft  piping,  coal  and  ash  handling  ma- 
chinery,   economizers    and    water    treat- 
ment   are    given    attention.      Similarly, 
the    chapters    on    condensers,    arti- 
icial    cooling    systems    are   dwelt    upon. 
The  ws   specific   chapters  on   gas 

ind    water   power   plants.     They 
vise  deal   with  the  various  types  of 
machinery    and    auxiliaries    usually    em- 
ed,  and  the  conditions   favorable  to 
The  concluding  three   chap- 
(IX.  X  and  XI)    apply  to  switch- 
in  d   switchboard  apparatus,   and 
ral    electrical    equipment    and    sub- 
»n    design.      The    book    is    supple- 
ted    by    brief    appendices    on    water 
boilers,     velocities     in     circulating 
water      pipes,      electricity       regulations 
•  tain),    cooling    towers,    and 
am   feed  pumps.     A  large 
number  of    plates   and   illustrations   are 
lined,     quite     a     few     representing 
American     installations.      General     data 
relative  to  the  installation  costs  of  dif- 
ferent   machinery     has     been     supplied. 
There  is  an  apparent  leaning  of  the  au- 
hor    towards    some    designs    of    power 
ise   equipment,   boilers^  stokers,    tur- 
bines,  etc..   evidently   the    result    of   his 
nal    experience.      Those   who 
may  be  more   familiar  with  other  tvpes 
and  condition  mav,  in  some  cases,  hold 
sightly    different    opinions.     This    cer- 
tainly is   in  no  sense  an   objection,  but 
•ily  characteristic  of  the  individuali- 
and    definiteness    interwoven    in    this 
work     It    is    plainly    a    book    of    great 
value  to  the  power  plant  owner  and  en- 
S,neer  E.   D.  D. 


Not  an  Ele&ion 
Ballot 


But  we  have  put  our 

Mark  in  the  circle  just 

the  same,  voting  a 

straight  ticket 

Give  our  Hide  Faced 

Hammers  and  Raw 

Hide  Mallets  a  trial, 

and  we  know  that  you 

will  vote  for  the  HK 

Brand.     When 
ordering,  specify  Hoi- 
brook's  which  are  sold 
under  the  above 
Trade- Mark. 

Hide  Faced  Hammers 

and  Raw  Hide  Mallets, 

Raw  Hide  Blanks 

for  gears 

Manufactured  by 

Holbrook 

Raw  Hide 

Company 

Providence,  R.  I. 

WRITE    FOR    CATALOG  "EJ" 
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ipprentii 
apprentice  coui 
8    M 
perm  an 

■•  their 
Mr    G.  ell, 

:tric  Com- 
nheim  and  Mr    S 
lingham   Light   &    Pov. 
ham,    Via. :  Mr   W    F. 
lepartment,  YV 

unneld,   N. 
F.   Knight,   Buffalo  disti 

npany  :  Mr    W.  C. 
•ncinnati     di  :e,    the 

her, 
Artillery,     I 
Va.;    Mi 

,-e.  the  Electric  Com- 
m,  Bosl  rict 

Mr.    R. 
e,     the 
Electri  any:     Mr.     H.     K.     Hay- 
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A.  I.  E.  E.  CONVENTION 

Tin-  Industrial  and   Power  Section  of 

\:n.  i  ican     Institute    of     Electrical 

Engineers    will    hold    a    convention    in 

burgh   on   April    25  -''•  -'7- 

The  annual  convention   of   the   Insti 

will  be  held  in  Boston  al  the  new 

1.    June    _'5  28. 

NEW  BOOKS 

lephony" — Samuel  G.  McMeen  and 
Kempster  B.  Miller.  Q4<s  pages,  671 
illustrations,  7  by  10  inches.  Pub- 
lished by  the  American  School  of 
Correspondence,   Chicago,   111.     Price, 

This  comprises  a  comprehensive  and 
ition  of  the  theory  and 
practice  of  telephony.  The  book  is  di 
vided  into  53  chapters,  is  profusely  il- 
lustrated, and  printed  in  clear,  easy- 
reading  type.  The  book  is  apparently 
quite  up-to-date.  The  theory  and  ap- 
plication of  Pupin  or  loading  coils  is 
described,  also  various  forms  of  relays, 
automatic  and  automanual  systems,  etc. 
After  taking  up  in  detail  the  various 
kinds  of  subscriber's  apparatus,  a  num- 
of  chapters  are  devoted  to  the  dif- 
ferent forms  of  switchboard  apparatus, 
line  and  underground  construction,  ser- 
vice connections,  testing,  etc.  To  one 
who  wishes  to  gain  a  general  knowledge 
of  telephony  in  all  its  branches,  this 
book  should  prove  of  much  value.  It  is 
written  in  the  so-called  correspondence 
school  style  and  is  one  of  the  most 
elaborate  works  extant  on  this  subject. 


"Power     House    Design" — John     E.     C. 

44X  pages,  181  illustrations,  17 

plates.        Published      by      Longmans, 

'•n   &   Company,    New    York   City. 

Price.     $6.00. 

The    treatment    of    power    house    en- 
giiv  n   its  broader  aspect  requires 

irge  fund  of  knowledge  in  order  to 
put  forward  proficiently  the  variety  of 
problems  which  present  themselves  in 
this  work,  involving  the  choice  of  loca- 
tion, equipment  and  structure  concord- 
ant with  all  the  conditions,  mechanical 
and  electrical,  and  the  establishment  of 
the     m  .nomical     station     viewed 

•n   the   standpoint  of   the  source  of 
y  and  the  facility  of  its  de- 
livery, and  as  well  as  the  operating  fac- 
narily  entailed.  In  face  of  the 
wide  reputation  the  author  enjoys  in  the 
engineering    profession    both    at    home 
abroad     (Great    Britain),    and    the 
once  actually  acquired  in  the 
direction    of    such    undertakings,    it    js 
almost  unnec  1  state  his  qualifi- 

cation   for  successfully  coping  with  the 
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subject.  Moreover,  the  author  has  not 
rested  content  with  his  own  personal 
observations,  but  has,  in  a  limited  way, 
drawn  upon  other  authentic  informa- 
tion. The  author  thus  has  throughout 
taken  much  pains  to  insure  the  quality 
of  his  hook.  At  the  outset,  the  very 
root  of  the  subject  is  discussed  in  the 
classification  of  the  different  characters 
of  demand  which  call  for  a  power  sup- 
ply station,  and  an  outline  of  the  elec- 
trical conditions  generally  prevailing  is 
given.  Chapter  II  presents  a  careful  di- 
gest of  the  factors  which  govern  the 
choice  of  sites  for  a  new  plant,  denot- 
ing proper  regard  for  future  extension 
and  growth  of  the  community  or  in- 
dustry. Building  considerations  appear 
in  Chapter  III,  embracing  architectural 
features,  foundation  requirements,  con- 
struction materials,  chimneys,  pro- 
visions conducive  to  efficiency  in  opera- 
tion of  the  plant  and  relative  cost  data. 
The  following  four  chapters  (IV,  V, 
VI  and  VII)  are  devoted  to  steam 
power  plant  details  and  are  taken  up 
in  a  corresponding  analytical  manner, 
and  in  addition  to  essential  topics  of 
boilers  and  boiler-room  design,  stokers, 
draft  piping,  coal  and  ash  handling  ma- 
chinery, economizers  and  water  treat- 
ment are  given  attention.  Similarly, 
in  the  chapters  on  condensers,  arti- 
ficial cooling  systems  are  dwelt  upon. 
There  follows  specific  chapters  on  gas 
power  and  water  power  plants.  They 
likewise  deal  with  the  various  types  of 
machinery  and  auxiliaries  usually  em- 
ployed, and  the  conditions  favorable  to 
their  use.  The  concluding  three  chap- 
ters (IX.  X  and  XI)  apply  to  switch- 
boards and  switchboard  apparatus,  and 
general  electrical  equipment  and  sub- 
station design.  The  book  is  supple- 
mented by  brief  appendices  on  water 
tube  boilers,  velocities  in  circulating 
water  pipes,  electricity  regulations 
(Great  Britain),  cooling  towers,  and 
tests  of  steam  feed  pumps.  A  large 
number  of  plates  and  illustrations  are 
contained,  quite  a  few  representing 
American  installations.  General  data 
relative  to  the  installation  costs  of  dif- 
ferent machinery  has  been  supplied. 
There  is  an  apparent  leaning  of  tbe  au- 
thor towards  some  designs  of  power 
house  equipment,  boilers,  stokers,  tur- 
bines, etc.,  evidently  the  result  of  his 
own  personal  experience.  Those  wbo 
may  be  more  familiar  with  other  tvpes 
and  condition  may.  in  some  cases,  hold 
sHarhtly  different  opinions.  This  cer- 
tainly is  in  no  sense  an  objection,  but 
is  only  characteristic  of  the  individuali- 
ty and  definiteness  interwoven  in  this 
work.  It  is  plainly  a  book  of  great 
value  to  the  power  plant  owner  and  en- 
gineer. E.   D.  D. 
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le    permanent    inf 
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there    have    been    such    marked    chanj 
in    powei  .  rn    in    the    I 

as   .'iinl    rc- 
can  hardly  bring  such  a  work  up 
The  autl  ttempted  to 

make   the   book    apply   to   current    prac- 
tice by  adding  a  chap  am  tur- 
bine? and  also                ther  new  material. 
It       is       Ul                 lly       a       tact.       how- 
r,     that     such     plat                 the     orig- 
inal   Water                    n    in    New    York 
are     the      la-'      of     their     kind     which 
he  installed  and  that  in  any  future 
tallations                    m    turbine   will    re- 
place the  I;                         ffine.     The   I 
that  turbin                      im  at  a  fairly  uni- 
rm    velocity    rather   than    at    in 

n  engine  practice, 
ha-    resulted  in   some  important    modifi- 
cations   in    steam    piping    practice    ;; 
The    general  however,    will 

be  found  ■  st  and  vail  cen- 

tral men. 


"H  uency    Elect]  flluminants 

and    Illumination" — Rollin   W.    Hutch- 

1'-:'.' 

ity. 
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' 
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hief 
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the 

♦heir   manufacture,   use.   c  :   hand- 
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illumir.;  nplete  in  detail  within 
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ce.  the  book  does  not 
m  to  be  exhaus* 

chapters    are    given    to 

ght,   color,    photometry 

Three  chap- 


it  i  -  .\  hich   incandescent,   arc 

and     vapor     lamp-     are     described     al 

:li.    while   tlu-   two   closing    chapters 

I   to  a   descriptive   treatment 

of     interior     and     exterior     illumination. 
I  he    preface    calls    attention    to    the    fact 
that     the     hook     "does     not     purport      to 
more  than  generalize  on  the  proper  use 
illuminants  for  various  cor 
ditions    of     lighting,     interior     and      cx- 
or";  also  to  the   fact   that   much   of 
the    material    has    been    gathered      from 
t!ie  pages  of  leading  periodicals.     Prop- 
i  aking,  the  text   i-  rather  a  treat- 
ment of  light  sources  than  their  applica- 
[llumination  has  become  a  branch 
of  engineering  calling   for  exact    treat 
ment    rather    than    generalized     descrip- 
tion,   hence    the    hook     can      hardly    he 
ked  upon  as  a  reference  for  informa- 
tion   on    the   subject    of    illumination    de- 
ll and  installation.     Taken  as  a  whole 
this     volume     contains     a     considerable 
amount    of    useful    information    on    elec- 
tric  lamp-    gathered    from    a    varietx 
irees   and   placed   in   convenient   form. 

c.  E.  c. 

AN   OPPORTUNITY. 

A  sales-engineer  who  has  had  long 
experience  in  the  central  station  field 
and  built  up  a  large  clientele  in  the 
Central  States  is  open  to  proposals 
for  a  change  of  employment.  Was 
superintendent  of  an  electric  railway, 
light  and  power  company  for  over  ten 
years,  manager  of  an  electrical  con- 
tracting firm  for  a  number  of  years, 
and  for  the  past  five  years  has  had  a 
prominent  part  in  building  up  central 
station  power  business  and  the  devel- 
opment of  industrial  motor  sales.  Will 
consider  position  in  commercial  de- 
partments of  large  central  station 
companies  or  manufacturing  concerns. 
Address  No.  554,  care  The  Electric 
Journal,   Pittsburgh,   Pa. 


WANTED. 

An  electrical  new  business  man  in 
a  town  of  about  50,000,  located  in  the 
Central  States.  Applicants  should 
have  special  training  along  power  en- 
gineering lines.  State  experience  and 
salary  expected.  Address  No.  553, 
care  The  Electrical  Journal,  Pitts- 
burgh, Pa. 


FOR   SALE. 

Set  of  bound  volumes  of  THE 
ELECTRIC  JOURNAL,  bound  in 
red  half  morocco,  for  the  years  1904, 
1905,  1906,  1907,  1908,  1909  and  1910. 
Send  offers  for  these  volumes  to  No. 
552,  The  Electric  Journal,  Pittsburgh, 
Pa. 
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electrical 

PHOTOMETRICAL  DEPARTMENT 

Photometrical  test*  of  all  forms  for   commercial   illumin- 

testing 

ants.       Illumination    tests    made   anywhere,    indoors   or 
outdoors. 

Laboratories 

^ 

ELECTRICAL  DEPARTMENT 

Tests  of  electrical  instruments,   apparatus  and   materials. 

Inspection  of  electrical  material  and  apparatus  at  fac- 
tories. 

GENERAL  TESTING  DEPARTMENT 

Coal  and  ash   analysed.      Paper  tested.      Industrial   and 
clinical    thermometers   checked.      Tensile,    compression 

80th  St.  &  East  End 

Ave.,  New  York  City 

and  torsion  tests  of  structural  materials. 

1 

The  babcock  &  Wilcox  Company 

BRANCH      OFFICES 

Bo6ton 33  Federal  Street 

Chicago     -----     Marquette  Building 

Cleveland  -     -     -     -  New  England  Building 
Denver     -     -     -     -    435  Seventeenth  Street 
Havana.  Cuba     -    1  61  '  i  Calle  de  la  Habana 
Los  Angeles     -        -American  Bank  Building 
New  Orleans     -     -     -     -     Shubert  Arcade 
Philadelphia     -     -  North  American  Building 
Pittsburgh  -     Farmers  Deposit  Bank  Building 
Portland,  Oregon     -     Wells-Fargo  Building 
Salt  Lake  City  -     -     -     -     3 1  3  Atlas  Block 
San  Francisco      -     -     -     -      99  First  Street 

85   LIBERTY  STREET,  NEW  YORK 

Water  Tube  Steam  Boilers 
Steam  Superheaters 
Mechanical  Stokers 

Our  Book  "Steam" mailed 
free  on  application 

WORKS 
BARBERTON,    OHIO    AND      BAYONNE,     N.     J. 

Jessop's  Steel 

FOR  TOOLS,  DRILLS,  SAWS,  DIES,  ETC. 

Jessop's  "Ark"  High  Speed  Steel  is  the  very 

best  in  the  market.  — All  kinds  in  stock 

Manufactured  in  Sheffield,  England 

William  Jessop  &  Sons,  Inc. 

(Grand  Prix.  Paris  1900)                       91  John  St.,  New  York  City. 

BRENNAN'S    HANDBOOK 

By  B.  A.  BRENNAN,  Contract  Manager  Westinghouse  Machine  Co. 

A  COMPENDIUM  OF 

Useful  Legal  Information  for  Business  Men 

C  The  only  Book  of  the  Kind,  dealing   in  a   concise,  practical   manner   with 
the  important  legal  matters  with  which  every  aclive  business  man  should  be 
acquainted.     The  book  is  handsomely  bound  in               D    *           <±»  C   AA 
flexible  leather,  pocket  size I    HC6    vJ)J.UU 

In  Combination  with  One  Year's  subscription  to  the  JOURNAL.  $5.75 
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Si     ion     Heating"-   Bj  ron    T. 
Gifford     5:.-   inch  i   inches,   208 

lustration.-.     Published  by 
the    Heating    and    Ventilating    V 

zine     Co.,     New     York     City.       Trice. 

• 
Although    the    central    station    heating 
industry  is   of  long   standing,   there   has 
been    little    extensive    literature    on    the 
ject     I:   is   a  topic,  too.  that   is  not 
unfrequently     argued     alternately     in     a 
favorable  and  unfavorable  way.     A  sur- 
vey of   the  central   station   heating  con- 
ditions   such    as    the    author    undertakes 
has  therefore  much  to  favor  it.     In  this 
book,  the  advantages  of  central  station 
heating    is    first    noted   after   which    fol- 
lows   a    di-  of    the    engineering 
features  of  the  different  hot  water  and 
steam   distribution    systems.     The   ques- 
tion   of    plant    management     has    been 
given   attention,   as   upon   it   the   success 
of    such     an     institution     naturally    re- 
volves, and  this  has  been  supplemented 
by  contingent  conditions  which  must  be 
understood   to   make    the   house    service 
satisfactory.     The  drafting  of  franchises 
and    the   computing   of    rates    has    been 
taken  up  in  separate  chapters.     Miscel- 
laneous   data    which   will    be   of    use   in 
connection  with  this  line  of  work  forms 
the  tenth  and  concluding  chapter.     The 
author      apparently      confines      himself 
largely    to    his    own    individual    experi- 
ence, and  does   not  give  in   some  cases 
the  derivation  of  rules  and  conclusions 
which  might  have  been  profitably  dem- 
-ated  more  fully  for  the  benefit  of 
the  reader.  e.d.d. 


ctric  Traction  for  Railway  Trains" 
— Edward  P.  Burch.  585  pages,  185 
illustrations.  Published  by  the  Mc- 
Graw-Hill Book  Company,  Xew  York. 
Price,  $5.00. 

This  work,  which  might  be  termed  a 
way    engineer's    scrapbook,    contains 
just  the  material  which  any  railway  en- 
•er  would  desire  to  gather  could  he 
have    a    wide    acquaintanceship    among 
prominent  railway  engineers,  free  access 
.11  technical  literature  and  abundant 
time  to  classify  and  tabulate  the  mate- 
rial collected.     It  forms  a  veritable  en- 
cyclopedia   on    the    subject    of    railway 
trains.     It    is    not    intended    as    an    ele- 
mentary' or  popular  treatise  on  the  sub- 
ject, though  containing  much  that  is  of 
interest    to   the   layman,   but   rather   as- 
sumes  that    the    reader    has    a    working 
knowledge  of   standard  steam   and  elec- 
tric   practice.     The    material    has    been 
those   features  which 
are    pertinent  train    operation,    and 

•  not  include  single  car  operation  for 
r     street     or     interurban    railways. 


W  ithin  the  limits  of  the  subject,  bow- 
er, little  seems  to  have  escaped  the 
author's  attention.  Operation  with  di- 
rect current  at  600  and  at  I  200  \ 
with  single-phase  and  with  three-phase 
power  is  impartially  discussed,  bringing 
out  the  advantages  and  disadvantages 
of  each  system  and  the  field  to  which 
h    is   bi  pted.     Train    operatii  m 

with  locomotives  and  with  motor  cars, 
the  amount  of  power  required  for  train 
operation,  types  of  motors  and  locomo- 
tives, transmission  and  contact  lines, 
and  newer  stations  have  been  treated 
fully.  In  addition,  the  author  has  culled 
from  the  technical  press  and  other 
sources  descriptions  of  practically  every 
railway  electrification  in  this  country 
and  Europe,  and  numerous  illustrations 
of  representative  railway  apparatus  are 
included.  These  features,  together  with 
the  large  amount  of  comparative  data 
as  to  weights,  size  of  motors  and  loco- 
motives, tractive  efforts,  cost  of  instal- 
lation and  of  operation,  etc.,  included  in 
the  numerous  tables,  make  the  book  of 
exceptional  value  as  a  reference  work. 
Numerous  cross  references  are  included 
and  the  material  is  so  arranged  as  to  be 
readily  accessible.  Each  chapter  is  in- 
troduced with  an  outline  of  its  contents 
and  is  concluded  with  an  exceptionally 
complete  classified  bibliography  of  cur- 
rent material  on  the  subjects  discussed. 

C.R.R. 


"Electric    Central     Station     Distribution 
stems" — Harry     Barnes     Gear     and 
Paul  Francis  Williams;  347  pages,  \y> 
illustrations,   24   tables.      Published   by 
D.     Van     Xostrand     Company.     Xew 
York  City.     Price,  $3.00. 
This  volume  is  the  result  of  a  group 
of    articles    which    appeared    serially    in 
the  Electrical  Age  during  the  years  1908 
and   1009,  the  material  having  been   re- 
1     and     somewhat    extended    before 
publication    in   book    form.      It   is   not   a 
work    which     will   be   of   value     to     ad- 
vanced   engineers.       It    is.     however,     a 
book   which   should   be  of   great   assist- 
ance  to   students   of   electrical   engineer- 
ing, to  young  engineers  engaged  in  dis- 
tribution   work    and    to    those    practical 
distribution   men   who  are  more  or  less, 
thoroughly   acquainted    with    the    details 
of    the    actual    work,    but    who    wish    to 
ly  the  reason   for  the  use  of  certain 
apparatus,     methods     of     connection     or 
ems   of   distribution.     The  treatment 
assums  a  knowledge  of  electrical  theory 
no  greater   than    that    possessed   by   the 
majority  of  men  in  either  of  the  classes 
mentioned.     No  attempt  has  been  made 
dvocate    any    particular    system    or 
kind   of  apparatus,   but    a   discussion   of 
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the  advantages  and  disadvantages  of  all 
the  common  types  and  systems  is  given, 
as  it  is  evident  that  the  decision  in  any 
given  case  must  be  determined  by  local 
conditions.  The  exceptionally  wide  field 
covered  by  the  book  may  be  shown  by 
the  headings  of  the  chapters,  namely: 
Systems  of  Distribution,  Transmission 
and  Conversion,  Voltage  Regulation, 
Line  Transformers,  Secondary  Distribu- 
tion, Special  Schemes  of  Transforma- 
tion, Protective  Apparatus,  Overhead 
Construction — Pole  Lines,  Lines  and 
Accessories;  Underground  Construc- 
tion, Cable  Work,  Distribution  Econo- 
mics, Properties  of  Conductors,  and 
Alternating-Current    Circuits. 

The  discussion  of  construction  details 
is  based  upon  those  features  which  have 
become  standard  in  the  larger  cities.  All 
details  of  construction,  methods  of  con- 
nection, installation  and  operation,  and 
systems  ordinarily  encountered  in  cen- 
tral station  distribution  for  cities  are 
treated  fully  and  liberally  illustrated; 
the  diagrams  of  typical  distribution  sys- 
tems, and  of  standard  and  special 
transformer  conections  being  of  unu- 
sual merit.  Xo  attempt  has  been  made 
to  treat  the  special  problems  arising 
from  long  distance  or  extremely  high 
voltage    transmission.  c.r.r. 
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1  solelj   with  the  idea  of  using  it  in 
iondence   study.     The   University 
of  Wisconsin  lias  been  one  of  the  fi 
adopl    ci  »rn  spi  mdence    methi  >ds    and 
>uld   lead  man}    other  in 
i  follow  their  example.     It  is 
undoubtedly  very  often  the  case  thai  the 
ones    who    need    educational    assistai 
u  hi  i  are  m  A  able  to  de 
their  entire  time  or  pay  their  ex 
penses  al  a  regular  institution  of  learn- 
ing.    By  adopting  correspond!  iool 
methods  the  university  has  been  abl< 
reach  many  who  are  anxious  to  improve 
their  condition  and   are  thus  placed   in 
touch   with   instructors   of   ability.     The 
pres<  nt    book    gives    in    an    elementary 
way    the    material    ordinarily    found    in 
work-     on     mechanics     under     stal 
brid              in-,   roof   trusses,   etc.      I 
k    i-    well    prepared    and    written    in 
.  le    and    i-    provided 
with  problems   for  the  student's   use. 
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nomizer     Company    of     Matteawan, 


Elei  Structur 

ion  . 

Price,   pl.75 


"Wireli        Telephones   and    How    They 
Work" — James    Erskine-Murray.    66 

pages,    io   illustrations.      Published    by 
Norman   W.  Henley    Publishing 
Company,    Xew     York    City.      Price, 
00. 

This    is    an  ■  nt    little    sketch    in 

nine    chapters,    partially    historical    and 

remainder   descriptive  of   the  theory 

and   practical   1        I     obtained   in   wire- 

ephony. 


THE 

Electric  Journal 

Vol.  IX  MAY,   1912  No.  5 


The   vital   feature  of   every   rotating  electrical 
The  Economy  machine  provided  with  a  commutator  is  its  behavior 

of  Good        at  that  commutator.    The  prime  requisite  for  satis- 

Commutation  factory  performance  in  thi>  respect  is  excellence  of 

design,  both  electrical  and  mechanical.     This  applies 

to  brush  arms,  carbon  holders  and  carbons  as  well  as  to  armature 

windings  and  commutator. 

The  tendency  in  modern  design  is  toward  much  higher  commu- 
tator speeds  than  were  formerly  used,  and  with  this  tendency  has 
come  an  increase  in  the  length  of  commutators.  ( )wing  to  the  higher 
centrifugal  stresses  and  longer  bars  the  problem  of  the  mechanical 
design  of  this  element,  always  a  most  difficult  one.  has  been  greatly 
increased.  It  is  to  be  noted,  however,  that  the  advent  of  the  commu- 
tating  pole,  which  has  practically  eliminated  the  necessity  of  shifting 
the  brushes  with  changes  in  load,  has  simplified  matters  for  the  de- 
signer. Other  refinement^,  such  as  improved  grades  of  carbons  and 
the  practice  in  certain  cases  of  undercutting  the  mica  between  bars, 
have  also  been  of  assistance.  However,  excellence  in  design  alone, 
will  not  insure  satisfactory  behavior.  In  addition  constant  vigilance 
must  be  exercised  by  those  operating  commutating  machines  to  pre- 
vent untoward  conditions  from  arising  which  may  vitiate  the  good 
results  achieved  by  the  designer. 

In  the  article  on  "Care  and  Operation  of  Commutators"  in  the 
present  issue  of  the  Journal,  .Mr.  Dick  has  outlined  very  fully  the 
improper  conditions  which  tend  to  cause  commutation  troubles  and 
has  shown  how  to  remedy  them.  This  article  should  be  carefully 
read  and  thoroughly  digested  by  all  users  of  commutating  electric 
machinery.  Every  operator  should  understand  that  bad  commuta- 
tion means  not  only  wear  and  tear  of  the  commutator  and  its  acces- 
sories, but  also  a  constant  money  loss  due  to  the  decreased  efficiency 
of  the  apparatus. 

The  safe  load  limit  of  the  ordinary  commutating  machine  is  de- 
termined bv  its  ability  to  commutate  satisfactorily  rather  than  bv 
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the  temperature  of  the  windings.  But  the  design  of  some  oi  the 
modern  commutating  pole  machines  has  been  worked  out  so  care- 
fully that  overloads  will  cause  dangerous  heating  of  the  windings 
before  destructive  sparking  at  the  brushes  occurs,  provided  the  com- 
mutator and  brushes  arc  in  perfect  condition.  Careful  attention  to 
these  parts  makes  for  increased  efficiency  and  for  the  ability  to  han- 
dle heavy  overloads  successfully. 

Prospective  purchasers  of  com  nutating  machines  often  hold  up 
negotiations  for  long  periods  haggling  with  rival  salesmen  for  frac- 
tional percents  of  efficiency.  Any  saving  in  power  thus  secured  is 
too  often  invalidated,  once  the  apparatus  is  installed,  by  ignorance  of 
the  proper  commutating  conditions.  High  bars,  excessive  brush  ten- 
sion, improper  setting  of  brushes,  poor  carbons  and  other  defects  are 
responsible  for  the  consumption  of  many  a  foot-pound  of  energy, 
which  could  be  saved  if  every  operator  thoroughly  understood  the 
importance  of  ideal  commutator  conditions  as  a  factor  in  the  produc- 
tion of  power.  E.  M.  Oltn 


With  the  rapid  progress  in  the  industrial  field  in  the 
Engineering    kst   few  years  and  the  tremendous  competition   in 
Methods       a^  hnes  °f  manufacture  it  is  becoming  more  and 
in  Factory      more  necessary  to  look  closely  into  every  detail  of 
Electrification  possible  economy  in  production  and  take  advantage 
of  every  advance  in  engineering  methods  in  order 
to  place  manufactured  products  on  the  market,  finished  to  the  high- 
possible  standard  of  perfection,  at  the  lowest  possible  cost  of 
production.     Not  many  years  ago  the  equipping  of  manufacturing 
plants  with  motor  drive  was  considered  a  luxury  and  as  not  effecting 
a  sufficient  economy  in  operation  to  warrant  the  initial  expense.     In 
some  cases  this  was  an  actual  fact;  first,  because  very  little  informa- 
tion was  available  to  determine  power  requirements,  and  second,  be- 
cause the  manufacturers  of  electrical  machinery  had  not  advanced 
to  their  present  day  stage  of  being  able  to  furnish  motors  specifically 
adapted  by  their  inherent  characteristics  to  almost  every  class  of 
machine  manufactured,  so  that  by  the  proper  selection  and  applica- 
tion of  motors  to  meet  the  particular  requirements  a  maximum  erfi- 
ciency  of  operation  can  be  obtained  with  minimum  cost. 

To-day  a  large  percentage  of  the  manufacturers  throughout  the 
country  use  electric  drive  to  some  extent  in  their  factories.  The 
more  progressive  manufacturers  realize  the  importance,  when  plan- 
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ning  for  such  equipment,  of  obtaining  the  very  best  expert  advice 
on  the  subject  and  not  determining  their  requirements  in  the  hap- 
hazard fashion  formerly  used.  This  determination  often  consisted 
solely  in  walking  through  the  plant  with  the  electrician  or  superin- 
tendent and  deciding  that  they  had  better  put  a  twenty  horse-power 
motor  over  in  one  corner,  which  with  the  ten  horse-power  motor  in 
the  other  corner  would  probably  give  them  about  enough  power. 

The  selection  of  motors  for  driving  machinery  in  any  factory 
requires  the  consideration  of  three  prime  factors,  which  are  almost 
equally  important.  These  are : — First,  the  determination  of  the 
method  of  drive ;  second,  the  selection  of  the  proper  size  of  motor, 
and  third,  the  determining  of  the  proper  characteristics  of  motors 
for  each  class  of  drive. 

The  method  of  drive  should  always  be  most  carefully  investi- 
gated to  determine  what  machines  should  be  operated  by  individual 
motors  and  what  machines  in  groups  from  line  shafts.  There  are 
many  details  that  should  be  considered  in  deciding  on  this  feature. 
The  kind  of  machine  to  be  driven,  whether  it  is  to  be  operated  at 
a  constant  speed  with  a  constant  or  variable  load  or  whether  speed 
variation  and  control  are  necessary,  the  sequence  of  operations  re- 
quired to  obtain  most  efficient  production  of  the  manufactured  arti- 
cle, the  time  factor  and  load  characteristics  of  each  machine  and 
the  load  factor  of  the  entire  plant,  all  enter  into  this  problem  and 
should  be  carefully  considered. 

Having  determined  by  a  full  consideration  of  all  factors  what  is 
the  best  probable  method  of  drive,  it  is  then  necessary  to  select  the 
size  of  motors  so  that  the  average  operating  load  will  approach  as 
closely  as  possible  to  the  maximum  efficiency  load  point  of  each 
motor.  The  maximum  net  efficiency  of  the  entire  plant  is  thus 
obtained. 

Where  individual  drive  is  determined  upon,  the  proper  inherent 
characteristics  of  the  motor  must  be  determined  by  the  operating 
conditions  of  the  machine  to  be  driven  and  accurate  tests  to  deter- 
mine the  load  curve  and  cycle  of  operation  should  be  made.  This 
will  determine  the  speed  variation  and  control  needed,  as  well  as  the 
proper  capacity,  characteristics  and  overload  rating  of  the  motor  to 
produce  the  best  results.  The  nature  of  the  work  to  be  performed 
will  also  determine  whether  the  motor  should  be  of  the  open,  semi- 
enclosed,  or  fully  enclosed  type.  All  of  these  features  should  be 
carefully  studied  and  expert  engineers  should  make  the  proper  and 
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necess  select  the  mosl  suitable  methods  of  drive  and  the 

per  type  and  size  of  motors,  in  order  that  the  electrification  of 
will  effect  the  highest  economy  of  production  at  the 
minimum  power  cost.  Managers  of  factories  too  often  leave  these 
matters  to  men  in  their  employ  who.  while  of  high  efficiency  in  the 
performance  of  their  regular  duties,  have  not  had  the  experience  nec- 
essar)  to  make  either  a  proper  investigation  of  requirements  or  to 
-elect  the  proper  equipment  after  tin-  power  requirements  have  been 

termined,  resulting  to,,  often  in  the  use  of  ;i  system  of  drive  which 
i-  not  the  best  for  the  service  demanded.     This  results  either  in  the 

erloading  of  motors  to  their  injury,  the  failure  to  operate  ma- 
chine- under  proper  manufacturing  conditions  or  tlu-  over-motoring 
of  the  plant,  with  a  consequent  reduction  in  efficiency  of  operation 
as  well  a-  an  unnecessary  increase  in  investment. 

Economies  are  often  made  in  shop  method-,  and  systems,  sales 
organizations  and  office  management  to  increase  the  economy,  pro- 
duction and  profits,  while  at  the  same  time,  either  through  a 
lack  of  thought  or  of  knowledge  on  this  important  subject,  the  saving 
thus  effected  may  he  largely  offset  or  perhaps  even  overbalanced  by 
inefficient  methods  of  operation  and  power  application. 

William  H.  Wreaks 


Some  interesting  applications  of  the  oscillograph  are 

The  Value      illustrated  and  discussed  in  this  issue  of  the  Jour- 

of   the         NAL  ])V  yjr    Galleher.     These  particular  cases  are 

Oscillograph         t  ,      -    ,  .  ,  ,  ,  ... 

to  the  Fie  t  '-  '"  -    vPlca'  °'   t'K'  niany  difficult  problems  which 

cal  Industry    l'K"  ,);>(''b"graph  has  solved.    Great  things  have  been 

accomplished  in  the  last  eight  years  by  the  use  of 

this  valuable  instrument,  but  greater  things  ran  be  expected  in  the 

future  when  it-  broader  scope  and  usefulne      become  more  fully 

appreciated. 

'J  hank-  to  the  oscillograph,  we  now  know  in  just  what  time  a 
circuit  breaker  opens;  how  quickly  a  relay  acts;  what  maximum 
currents  a  motor  takes  in  starting  and  during  operation  on  variable 
load;  exactly  what  instantaneous  current  a  generator  will  give  when 
!-hort-circuitcd :  what  current  surges  occur  when  a  transformer  is 
to  the  line;  whether  the  generator  has  a  sine  shaped 
e.m.f.  wave;  and  50  on.  through  a  long  list  of  important  problems 
•  •  which  this  in-trument  ha-  supplied  the  answer.  When  it  is  con- 
sidered that  ten  or  perhaps   fifteen  years  ago  all  these  questions 


THE  OSCILLOGRAPH  ffl 

merely  gave  rise  l"  speculation  and  discussion  among  engineers,  and 
no  definite  information  regarding  them  could  be  obtained,  the  real 
value  of  the  oscillograph  to  the  electrical  industry  is  more  readily 
appreciated. 

However,  as  Mr.  Galleher  points  out,  the  uses  for  this  instru- 
ment are  multiplying  rapidly.  Consider  the  example  of  circuit 
breaker  operation;  at  first  the  complete  time  of  opening  was  prac- 
tically all  that  was  required.  As  further  developments  and  improve- 
ments are  made  in  circuit  interrupting  devices,  the  circuit  breaker 
designer  is  no  longer  satisfied  to  know  the  complete  time  in  which 
the  apparatus  operates,  but  he  desires  to  know  just  what  time  is 
required  for  each  of  the  component  parts  to  perform  its  function. 
In  the  same  way,  the  electrical  machine  designer,  who  at  one  time 
was  happy  if  he  obtained  the  held  form  or  e.m.f.  wave  form  of  his 
machine,  now  must  know  the  flux  pulsations  in  the  teeth  caused  by 
open  slots  in  both  the  rotor  and  stator;  the  voltage  tinder  the  brushes 
yA  a  direct-current  machine  when  the  load  is  changed  suddenly:  the 
leakage  flux  in  the  end  windings  of  armatures;  the  ripple  in  the  field 
current  caused  by  the  variable  reluctance  of  the  air-gap,  and  a  great 
number  of  similar  details. 

There  i-  another  reason  why  the  oscillograph  is  justly  popular. 
(  )ne  of  the  first  senses  developed  in  man  is  the  sense  of  sight. 
Through  his  eyes  he  is  accustomed  to  obtain  distinct  and  accurate 
knowledge  of  all  material  things.  A  designer  likes  to  get  his  ma- 
chine on  the  drawing  board,  lie  also  likes  to  study  the  phenomena 
which  occur  in  his  machine  by  means  of  pictures  of  its  performance, 
or  oscillograms.  "Seeing  is  believing."  and  there  is  nothing  which 
will  so  quickly  settle  all  discussion  and  doubt  concerning  what  actu- 
ally happens  in  a  piece  of  apparatus  as  a  faithful  picture  of  the  phe- 
nomenon itself.  A  photograph  or  tracing  gives  a  physical  conception 
of  what  actually  occurs  and  simplifies  many  seemingly  complicated 
relations.  Like  the  telephone  and  telegraph,  the  benefits  derived  by 
the  use  of  the  oscillograph  are  s<>  great  that  it  is  difficult  to  see  how 
the  present  electrical  industry  could  do  without  it. 

C.  E.  Wilson 


\RE  AND  OPERATION  OF  COA\MUTATORS 

W    A.  DICK 

The  purpose  of  this  article   is  to  outline  some  of  the  difficulties   which 

may  be  encountered  in  the  operation   of   machines  having  commutators,  and 

indicate  how  improvements  can  lie  made  in  machines  with  which  trouble 

and,  also,  in  some  cases  in  machines  which  arc  giving  reason- 

tctory  performance.     The  points   covered   will   he   such   as   pertain 

rs  and  to  current  collecting  devices  used  with  them. 

AS  i>  well  known,  a  commntator  is  made  up  of  a  large  number 
of  copper  segments  which  must  not  only  be  bold  mechanical- 
ly so  that  they  cannot  be  displaced  from  their  normal  posi- 
\  even  a  very  small  amount;  but  also  must  be  insulated  thor- 
oughly from  each  other  and  from  the  supporting  member.     Mica 
is  the  insulating  material  universally  used  for  this  purpose.     The 
mica  segments  are  built  up  of  thin   mica   splittings  held  together 
by  suitable  bonds.     In  operation,  electric  currents  must  pass  both 
out  of  and  into  these  commutator  segments  or  bars  through  sta- 
iary  conductors  in  sliding  contact  with  them.     The  contact  of 
these  conductors  or  brushes  must  be  sufficiently  intimate  to  secure 
proper  and  continuous  operation.     Carbon,  at  the  present  time,  is 
the  material  universally  used  for  brushes,  except  in  the  case  of 
some   types   of   very   low-voltage   machines,    where   metal    may   be 
!  to  advantage. 

With  the  somewhat  complicated  construction  necessarily  in- 
volved in  commutators  and  with  the  very  best  design,  workman- 
ship and  material  obtainable,  there  are  certain  factors  which  may 
affect  their  performance  under  various  operating  conditions,  the 
]  of  which  will  doubtless  be  of  assistance  to  operators. 
r  convenience  the  subject  will  be  considered  from  the  standpoints 
of  mechanical,  electrical  and  operating  conditions. 

ME(  EANICAL  POINTS 

Displaced  Bars — What  may  be  called  a  "seasoning  out"  process 
may  take  place,  due  to  the  centrifugal  forces  acting  on  the  bars 
during  operation,  which  causes  a  slight  displacement  of  some  of 
the  bars  and  results  in  a  gradual  reseating  on  the  insulation.  This 
displacement  is  more  apt  to  develop  in  commutators  operated  at  the 
higher  speeds  and  in  large  commutators  with  their  greater  number 
of  parts.  All  commutators  are  seasoned  out  during  the  process  of 
manufacture  and  test,  to  get  the  yield  out  of  the  materials,  so  that 
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there  will  be  no  displacement  of  the  bars  later.  Much  of  this  i^ 
dune,  before  the  armatures  are  completely  assembled,  by  the  appli- 
cation of  heat  and  the  tightening  up  of  the  bolts  holding  the  parts 
together.  The  commutators  are  not,  however,  subjected  to  hah 
heat  and  centrifugal  strains  until  put  into  operation,  when  further 
seasoning  may  take  place.  This  is  often  so  gradual  as  to  continue 
for  a  considerable  period  of  time,  especially  on  machines  of  large 
size.  In  all  such  cases  the  commutators  should  be  tightened  if 
loose  and  trued  up  from  time  to  time  until  a  permanent  condition 
is  reached,  the  methods  to  be  followed  in  doing  this  being  described 
later. 

Eccentric  Conditions — Commutators  may  run  out  of  true  due 
to  bent  shafts,  spring  in  shafts  from  engine  thrust  or  looseness  in 
the  bearings.  The  remedies  are  obvious.  If  the  eccentricity  can- 
not be  overcome  by  remedying  these  defects  turning  off  or  grind- 
ing at  normal  speed  as  described  below  should  be  resorted  to.  Com- 
mutators of  engine-type  machines  which  have  been  machined  while 
mounted  on  test  shafts  often  run  slightly  out  of  true  when  pressed 
on  the  engine  shaft  and  require  turning  or  grinding  after  erection. 
Electrical  machines  require  shafts  stiff  enough  to  take  care  not  only 
of  the  mechanical  strains  but  of  the  magnetic  pull  set  up  by  the  field 
magnets.  Commutators  if  subjected  to  excessive  temperatures  from 
overload  or  defective  operation  may  become  distorted  and  run  out 
of  true ;  this  is  an  abnormal  condition  and  means  should  be  found 
of  reducing  the  temperatures.  This  heating  can  be  caused  by  spark- 
ing at  the  brushes  or  excessive  friction.  Friction  is  least  when 
commutators  run  true  and  have  a  high  polish  or  glaze  and  the  brush 
faces  are  polished. 

Mechanical  vibration  may  be  set  up  in  armatures,  and  is  most 
apt  to  be  evident  on  machines  operated  at  the  higher  speeds,  such  as 
turbine-driven  units,  motor-generator  sets,  etc.  It  is  usually  due 
to  a  mechanically  unbalanced  condition  of  the  rotors.  Proper  con- 
tact between  the  brushes  and  the  commutator  is  very  difficult  under 
these  conditions.  It  should  be  overcome  by  rebalancing.  Most  mod- 
ern machines  are  provided  with  means  for  balancing  either  by  bal- 
ancing weights  or  pockets  into  which  melted  lead  can  be  poured. 
\Yhen  such  means  are  not  provided,  weights  may  be  bolted  to  the 
the  rotors,  care  being  taken  to  place  and  fasten  them  so  that  they 
cannot  get  loose.  In  extreme  cases  the  commutator  may  be  loose 
on  the  clamping  rings,  in  which  case  tightening  up  of  the  bolts  hold- 
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ing  the  parts  together  is  required,  and  turning  or  grinding  may  then 
try. 
High  Mica     The  mica  between  the  commutator  bars  may  not 
wear  quite  as  fast  as  the  copper,  so  iliat  the  mica  segments  even- 
illy  project  above  the  copper.     This  ppridition  is  most  apt  to  ap- 
pear in  commutators  having  a  rejlatjvel)  large  number  of  liars  which 
arc  therefore  comparatively  thin;  it  is  evident  that  in  such  designs 
the  percentage  of  mica  is  high   as  compared  to  the  copper.     The 
amount  that  this  mica  extends  above  the  copper  may  be  very  slight 
and   still   be  enough   to  prevent    full   and  complete  contact  of   the 
brushes  with  the  cupper  hat's.     High  mica  can  usually  be  detected 


I — Tool.    FOR    UNDERCUTTING    COMMUTATOR  >,M  ICA.    ATTACHED    TO    A    LATHE 
AND  DRIVEN    BY   A    BELT.     ARMATURE    Is    I'l.  I'WEEN    Till     LATHE   CENTERS 

ufactured  by   Charles    \\    Wood   |jcjrnpany,    Boston,    Mass. 

by  mechanical  inspection.  Results  of  tin-  condition  are  likely  to 
appear  as  fine  pin  -parks  between  the  fa<  c-  of  the  brushes  and  the 
imutator,  and  also  the  copper  i-  blackened  and  burned.  The  very 
btainable  grades  of  soft  commercial  mica  used  for  insula- 
tion are  known  to  vary  somewhat  in  hardne--.  which  probably  re- 
sults in  variations  in  the  hardhess  of 'Hhe  built-up  segments.  A 
more  frequent  cause  of  high  mica  i  Believed  to  be  found  in  the 
increasing  me  of  softer  grade-  of  carbon  brushes  such  as  have  re- 
cently been  developed  which  have  lesi  abrasive  material  in  their 
composition  to  better  meet  other  condition-   of  commutation. 
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Undercutting  There  is  an  increasing  tendency  on  the  part  of 
both  operating  and  manufacturing  companies  to  resorl  to  the  cut- 
ting down  of  the  mica  between  the  bars  as  a  means  ol  eliminating 
any  possibility  of  trouble  due  to  high  mica.  In  some  classes  of 
machines,  such  as  single-phase  commutator  type  motors,  turbo- 
generators  and  special  applications,  this  undercutting  is  necessary. 


FIG.   2 — PORTABLE  TOOL  FOR  UNDER*  UTTING   MICA,   DRIVEN   BY   AN   ELECTRIC  MOTOR 

Armature  can  be  set  in  any  convenient  place  or  tool  can  be  taken  to 
the  armature. 

Railway  &  Industrial   Engineering  Company,   Pittsburgh. 

The  undercutting  results  in  better  brush  contact,  eliminates 
burning  due  to  high  mica,  improves  commutation,  thus  increasing 
the  life  of  commutator  and  brushes,  and  may  reduce  the  tempera- 
ture and  increase  the  capacity  of  machines  not  li  nited  by  tem- 
perature rise  of  other  parts.  Its  general  effect  is  to  improve 
operation.  It  should  be  noted  that  sometimes  undercutting  may 
involve  a  change  in  the  grade  of  brush  to  he  used  to  secure  best 
results. 


FIG.   3 — MOTOR  DRIVEN    PORTABLE   Tool.    FOR    UNDERCUTTING    COMMUTATOR    MICA 

General   Electric   Company.   Schenectady,   N.    ^i  . 

The  undercutting  may  be  done  by  a  tool  equipped  with  a  thin 
saw  or  milling  cutter  driven  by  an  electric  or  air  motor.  Devices 
in  use  for  this  work  are  shown  in  Figs,  i,  2,  3,  4.  5  and  6  inclusive. 
A  hack  saw  blade  with  a  hacking  for  stiffening  and  holding  makes 
a  satisfactory  hand  tool.  A  hand  chisel  may  also  be  used  with  a 
straight  edge  for  a  guide.     The  surface  of  the  copper  forming  the 
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sides  oi  the  slots  should  be  left  smooth,  and  at  the  sharp  edges  the 
bars  should  be  slightly  rounded.  A  saw  about  one  inch  in  diameter, 
having  30  to  40  tooth  and  run  at  a  speed  of  about  2000  r.p.m., 
meets  the  average  conditions  satisfactorily.  With  very  hard  mica 
a  saw  with  a  greater  number  of  teeth  will  cut  a  little  better.  A 
thickness  of  saw  about  0.003  inch  less  than  the  width  of  the  slot  to 
be  cut  will  give  the  right  width  as  the  teeth  usually  have  a  slight  set. 
Usually  the  undercutting  must  be  repeated  after  the  machines 
have  been  in  service  for  some  time,  but  is  required  at  only  very  in- 
frequent intervals.  The  usual  depth  of  undercutting  is  one-thirty- 
second  inch  and  should  not  be  over  one-sixteenth  inch.  The  slot 
should  not  be  less  than  one-thirty-second  inch  in  width.  The  ob- 
jection to  a  narrow  or  deep  slot  is  the  increased  liability  of  accumu- 


FIG.  4 — TOOL  FOR  UNDF.RCUTTJNG  COMMUTATOR    MICA 

Attached  to  a  lathe  and  motor  driven. 
Westinghouse  Electric  &  Mfg.   Company,  Pittsburgh^  Pa. 

lation  of  dirt  and  consequently  greater  difficulty  in  keeping  the 
commutator  clean.  The  only  trouble  that  can  result  from  the  cut- 
ting down  of  the  mica  is  an  accumulation  of  material  in  the 
slots,  which  of  itself,  or  by  holding  carbon  or  copper  dust,  forms  a 
circuit  between  adjacent  bars.  The  centrifugal  forces  of  the  ma- 
chines "on  which  undercutting  is  commonly  done  are  sufficient  to 
throw  out  any  ordinary  accumulation  of  dirt.  A  small  amount  of 
care  and  attention  and,  if  necessary,  cleaning,  will  suffice  to  prevent 
any  dirt  accumulation.  It  is  accordingly  advisable  to  make  slot  in- 
spection and  cleaning  a  part  of  the  regular  care  of  the  machine. 

ELECTRICAL  POINTS 

HTro7jg  Brush  Position—  The  brush  position  on  all  commutator 
type  machines  is  important  and  on  all  such  machines  there  is  a  best 
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position,  variation  from  which  may  result  in  sparking.  Brushes 
may  have  the  wrong  position  by  not  having  the  proper  location,  or 
lead  as  it  is  called,  on  the  commutator.  A  brush  is  given  a  lead 
when  it  is  shifted  from  the  so-called  neutral  or  mid  position.  The 
lead  is  said  to  be  forward  when  the  brushes  are  shifted  with  the 
direction    of    rotation,    and    backward    when    against    the    rotation. 


FIG.     5 — MOTOR    DRIVEN     PORTABLE    TOOL    FOR    UNDERCUTTING    COM- 
MUTATOR   MICA 

Note  piece  of  fullerboard  placed  in  front  of  the  commu- 
tator necks  to  keep  chips  from  getting  into  the  armature.    This 
is  an  important  precaution. 
Westinghouse  Electric  &  Mfg.   Company,   Pittsburgh,   Pa. 

They  may  also  have  the  wrong  position  through  uneven  spacing 
around  the  commutator  of  the  arms  carrying  the  brushes,  as  a 
result  of  which  some  of  the  brushes  are  given  the  right  lead  and 
some  the  wrong  lead.  Accurate  and  uniform  spacing  is  essential. 
It  is  also  possible  for  a  brush  arm  to  be  so  shifted  that  the  brushes 
are  out  of  line  with  the  bars.     Machines  with  commutating  poles 
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have  a  fixed  point  of  commutation  with  which  satisfactory  opera- 
tion is  obtained  over  wide  variations  in  load.* 

Attention  is  called  to  the  Fact  thai  in  non-commutating  pole 
machines  the  armature  reaction  tends  to  shift  the  field  sel  up  1  »v 
the  main  poles,  as  the  load  varies.  A.s  the  brushes  arc  given  a  lead 
in  order  to  have  an  active  flux  from  the  poles  of  sufficient  value  to 
reverse  the  current  in  the  coil  undergoing  commutation,  it  follows 
that,  although  the  machine  operates  with  a  fixed  brush  position,  the 
reversing  flux  in  the  coil  undergoing  commutation  actually  changes 
somewhat  as  the  load  varies.  It  can  be  noted,  therefore,  that  better 
ration  with  lower  losses  will  result  if.  on  non-commutating  pole 
machines,  the  brush  position  can  he  changed  with  the  load  by  shift- 
ing, and  that  an  advantage  is  gained  by  so  doing  where  conditions 
permit,  with   results  that   more   than   warrant   the  small  amount  of 


[TABLE   TOOL   FOR    UNDER*  UTTING    MICA.     DRIVEN    BY    AIR    MOTOR 

W<  trie  &  Mfg.  Company,  Pittsburgh,  Pa. 

attention  required  for  this  purpose.  In  commutating-pole  machines 
a  commutating  Mux  in  a  fixed  position  is  provided  by  means  of  addi- 
tional pole-  on  which  are  windings  connected  in  series  with  the 
armature,  and  as  this  commutating  pole  flux  varies  directly  with  the 
load  no  brush  shifting  i^  required.  The  brushes  musl  hi-  set  at  the 
position  provided  for  them  by  the  commutating  poles,  and  not 
changed  from  tin-  position.  !n  fact  shifting  from  this  position  is 
liable  to  result  in  -parking. 

Local  Roughness  from  Excessive  Current  Sometimes  a  sud- 
den and  very  heavy  overload,  such  as  a  short-circuit  on  the  line,  will 
cause  the  current  to  "bite"   into  the  copper   at  certain   points  and 


*See  article  on  "Operating  Characteristics  of  Commutating  Pole  Ma- 
chines", in  the  Journal  for  Dec,  1911,  p.  lOi 
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leave  a  condition  of  roughness.  If  this  roughness  is  slight,  it  may 
wear  away  with  continued  operation  of  the  machine,  [f  severe,  it 
may  nol  do  so,  but  may  become  worse  and  spread  around  the  com- 
mutator. The  remedy  is  t<  1  lia\  e  the  commutator  smi  >othed  up  as  so<  m 
as  possible  In  working  the  spots  down  with  a  fine  file  or  by  means 
of  sandpaper.  A  flash-over  will  sometimes  make  a  flat  spot  on  a 
commutator   winch   will   need   to   he   taken   out    to   prevent   burning. 

Local  Roughness  from  Periodic  Loads  With  results  somewhat 
similar  to  those  referred  to  in  the  previous  paragraph,  hut  at  a  much 
slower  rate,  roughness  may  come  on  commutators  operating  on  a 
periodically  varying  load,  a-  with  a  gear  or  other  drive  such  that 
the  maximum  load  comes  repeatedly  at  the  same  point  in  the  revolu- 
tion of  the  armature.  Such  combinations  are  found  in  motors 
geared  to  reciprocating  pumps,  air  compressors  and  the  like.  Thus 
one  part  of  the  commutator  is  continually  worked  harder  than  the 
rest.  This  may  result  in  slight  burning  at  this  point  and,  if  not 
watched  and  kept  in  good  condition,  it  may  extend  itself  around  the 
commutator.  The  gear  ratio  may,  however,  he  modified  so  as  to 
avoid  this.  A  fly-wheel  is  sometimes  u-ud  to  smooth  out  the  peaks 
and  thus  keep  the  current  more  nearly  constant. 

In  a  somewhat  similiar  way,  anything  that  causes  poor  contact 
at  one  point  on  the  commutator  throws  current  to  the  other  hrushes 
of  the  same  polarity,  thereby  causing  them  to  he  overloaded.  This 
may  result  in  burning  of  the  commutator  under  the  overloaded 
brushes  at  the  time  of  overload,  or  it  may  hum  away  the  brushes 
or  both.  The  burning  may  extend  around  the  entire  commutator 
if  the  cause  of  the  trouble  is  not  removed.  Such  a  condition  will 
manifest  itself,  at  first,  in  markings  on  a  lew  bars,  usually  at  a 
number  of  points  equal  to  the  number  of  pairs  of  poles.  An  illus- 
tration of  this  is  the  case  of  a  generator  driven  by  an  engine  in 
which  a  lateral  movement  of  the  armature  takes  place  coincident 
with  the  crank  effort.  Cases  have  been  known  where  a  bad  splice 
in  a  belt  has  caused  a  local  burning.  Some  forms  of  brush  holders 
lend  themselves  to  this,  for  example,  where  the  area  of  contact  of 
the  brush  is  changed  in  case  of  eccentric  action  of  a  commutator. 
Brushes  may  become  overloaded  due  to  part  of  the  set  becoming 
clogged  in  the  holders  so  that  they  do  not  make  contact  with  the 
commutator.  This  overloads  the  rest  so  that  they  gradually  burn. 
Unequal  brush  tension  may  also  give  an  unequal  loading  of  the 
brushes.     Some  of  the  shunt  connections  between  the  brushes  and 
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brush  holders  may  make  poor  contact  either  with  the  brush  or  with 

the  holder,  and  throw   an  excess  of  current   to  the  other  brushes. 
The  remedies  in  these  eases  are  obvious. 

An  overloaded  brush  may  be  detected  by  sparking;  by  glowing, 
in  which  spots  are  heated  to  incandescence;  by  honeycombing,  in 
which  spots  in  the  face  o\  the  brushes  appear  to  be  eaten  out,  or  by 
picking  up  of  copper,  where  copper  appears  to  be  deposited  elec- 
trolytically  in  spots  on  the  face  of  the  brush.  Honeycombing  often 
starts  at  these  spots  oi  copper  due  to  localizing  of  the  currents. 
Brushes  may  he  overloaded  not  only  by  the  external  currents,  but 
also  by  local  currents  passing  between  different  brush  arms  due  to 
wrong  brush  position  or  too  high  voltage  across  the  brush.  A 
change  in  grade  of  brush  will  sometimes  improve  operation  where 
other  things  fail.  Where  a  brush  glows,  a  softer  brush  of  higher 
conductivity  may  often  be  applied  with  good  results. 

.  Irmature  Conditions — An  open-circuit  in  the  armature  wind- 
ing, a  bad  joint  in  the  winding,  or  a  short-circuit,  either  in  the  wind- 
ing or  between  adjacent  commutator  bars,  will  cause  burning  which 
will  start  at  the  bars  connected  to  the  defective  coils.  The  open- 
circuit  will  make  itself  evident  by  sparking  at  the  brushes.  With 
a  bad  joint,  the  sparking  may  not  always  be  so  much  in  evidence, 
but  a  gradual  blackening  will  take  place.  The  short-circuited  coils 
will  roast  out  and  will  be  liable  to  damage  adjacent  coils.  Repairs 
should  be  made  as  soon  as  possible.  In  case  of  short-circuited  coils 
where  it  is  very  important  to  keep  the  machine  in  operation  until 
full  repairs  can  be  made,  it  is  possible  to  cut  one  of  the  leads  of  the 
short-circuited  coil  and  attach  a  jumper  to  the  commutator  bars  to 
which  it  was  attached. 

Occasionally  a  case  is  found  where  the  mica  segments  between 
the  bars  show  pitting  or  eating  out  of  the  mica  in  spots.  It  is  gen- 
erally considered  that  this  starts  from  some  form  of  dirt  getting  on 
or  into  the  mica  segments.  This  dirt  is  more  or  less  of  a  conductor 
and  current  carried  by  it.  due  to  the  voltage  between  bars,  may 
ner  or  later  burn  the  mica  so  that  it  in  turn  becomes  the  conduc- 
tor. This  process  of  carbonizing  or  burning  goes  on  sometimes 
until  holes  of  considerable  size  are  produced  in  the  mica.  Oil  is  a 
common  vehicle  for  transmitting  or  holding  the  dirt  and  care 
should  always  be  taken  to  see  that  oil  does  not  get  to  the  commu- 
tator insulation  by  creepage,  spraying  or  otherwise. 

A  successful  method  of  treating  holes  in  the  mica  is  to  clean 
them  out  thoroughly,  removing  all  burned  and  conducting  material, 
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and  then  fill  them  with  some  form  of  high  grade  cement.  For  ex- 
ample, that  used  by  dentists  for  filling  teeth  is  good.  Prepared 
chalk  or  plaster  of  paris,  with  sufficient  shellac  for  a  bond,  has  also 
been  used ;  another  filler  may  be  made  by  mixing  waterglass  and 
powdered  glass.  The  filling  material  should  be  made  into  a  thick 
paste,  applied  in  a  workmanlike  manner  and  allowed  to  set  thor- 
oughly before  the  machine  is  used.  The  success  of  such  treatment 
depends  in  a  large  part  on  the  care  with  which  the  work  is  done. 
Special  preparations  for  this  purpose  have  been  placed  upon  the 
market  by  dealers. 

Sparking  at  the  end  of  a  commutator  is  probably  due  to  dirt  of 
some  kind.  The  end  of  the  commutator  should  be  thoroughly 
cleaned  and  then  painted  with  a  good  insulating  paint  or  varnish, 
and  repainted  as  often  as  necessary.  The  outer  and  inner  corners 
of  the  commutator  should  be  slightly  rounded  as  shown  in  Fig.  7  a, 

and    should    be    kept 


Tkis  surface  to 

be  kepi  d«n  and  rounded  as  the  com- 

well   painted 
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mutator  wears,   as   it 

is  found  that  a  sharp 

•  corner  is  much  more 

1       I  apt    to    pit,    as    indi- 

q — a  cated     by     Fig.     7  b. 

b  All    the    surfaces 

'     ,      . ,  .  ,  should  be  kept  scru- 

0  shows  how  the  corners  should  be  round- 
ed when  turning  a  commutator;  b,  the  pulously  clean, 
way  the  mica  may  burn  if  corners  are  Field    Conditions— 
not  rounded.                                                                  , ,     ,  .  , 

Machines     may     be 

operated  under  abnormal  conditions  as  regards  field  excitation.  For 
example,  the  operating  speed  may  be  higher  than  that  for  which 
the  machine  was  designed;  the  operating  voltage  may  be  lower 
than  normal,  or  both.  The  effect  of  these  conditions  is  to  weak- 
en the  exciting  field.  In  commutating  pole  machines  this 
should  have  no  bad  effects  as  the  proper  commutating  field  is 
maintained  by  the  commutating  poles.  In  non-commutating  pole 
machines,  however,  the  weaker  field  results  in  a  shifting  of  the 
point  of  commutation  with  change  of  load.  This  will  affect  com- 
mutation and  may  cause  sparking,  but  the  trouble  may  be  stopped 
by  decreasing  the  load,  shifting  the  brushes  as  load  varies,  re- 
ducing the  speed  or  raising  the  voltage. 

Brush    Conditions—Some     of     the     conditions     affecting    the 
brushes    have    already    been    mentioned.      There    are    still    other 
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features,  however,  which  should  ho  given  consideration.  There"  are" 
numerous  grades  of  brushes  obtainable  which  have  been  developed 
t>»  meet  the  various  requirements  of  voltage,  speed  or  oilier  operat- 
ing condil  In  general  the  manufacturer  furnishes  the  brush 
:  suited  to  any  particular  machine.  There  may  be  eases,  how- 
ever, where  the  particular  operating  conditions  are  such  that,  for 
most  satisfactory  results,  a  brush  of  certain  definite  characteristics 
i-  needed;  such  cases  usually  require  actual  trial  to  determine  the 
nvst  suitable  grade  of  brush.  A  brush  may  collect  the  current 
very  satisfactorily  and  yet  lack  lubricating  qualities  which  will  en- 
able it  to  operate  without  chattering.  The  remedy  in  such  eases 
may  be  the  use  of  a  different  brush  with  better  lubricating  qualiites 
or  what  i^  often  simpler,  the  occasional  application  of  a  little 
lubricant  to  the  commutator. 

In  general  it  will  be  found  that  a  very  small  amount  of  clean, 
oil  i<  the  most  satisfactory  lubricant  to  use,  except  in  ease  the  mica 
is  undercut,  when  it  i-  not  advisable  to  use  oil.  Care  should  he  taken 

•  see  that  the  oil  is  applied  with  a  cloth  or  other  material,  the  fibre 
of  which  will  not  he  abraded.  The  good  effect  of  a  lubricant  may  be 
largely  overcome  by  fibres  of  the  material  with  which  it  is  applied 
getting  under  the  brushes  and  preventing  good  contact.  For  this 
reason,  waste  and  felt  are  very  poor  materials  to  use.  One  of  the 
'  is  a  short  length  of  cotton  host-  which  is  tightly  woven. 
Heavy  canvas  j-  also  good.  Oil  is  a  better  lubricant  than 
wax.    because    it    works    irrespective   of    the    temperature    of    the 

n  nmtator.  while  wax  requires  sufficient  temperature  to  melt  it. 
If  not  sufficiently  softened  it  will  gum  up  the  commutator  and 
cause  poor  brush  contact;  it  is.  therefore,  not  good  for  cool  running 

mmutators.     A  tendency  for  some  brushes  to  sunt  a  commutator 

:ome  by  an  occasional  cleaning  with  a  pad  moistened 

with  a  little  kerosene  oil.     A   tendency  in  brushes  to  chatter  may 

metimes  require  changing  the  angle  of  the  brushes  or  the  relation 
the   angle   to   the   direction   of    rotation.      The   mounting  of   stiff 
braces  between   the   frame  of   the  machine  and    the  outer   ends  of 
bru-h-carrving  arn  f  materia'  tance  in  preventing  vibra- 

tion. 

Brush  holders  in  the  different  arms  should  he  staggered  or 
placed  out  of  line  with  each  other  so  that  the  paths  of  the  brushes 
on  the  commutator  will  overlap.  This  materially  reduces  the 
tendency  to  unequal  wear  of  the  commutator  surface.  If  the  com- 
mutator wear-  in  ridge-,  the  effect  of  any  change  in  the  position  of 
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the  armature  in  the  field,  Mich  as  may  be  found  to  occur  with  varia- 
tion in  load,  will  be  to  change  the  position  of  these  ridges  with 
reference  to  the  brushes,  and  thus  raise  the  brushes  and  prevent 
good  contact;  beside  staggering  the  brushes,  an  oscillation  of  the 

armature  hack  and  forth  will  help  in  securing  uniform  wear.  .Many 
machines  have  a  natural  oscillation  set  up  by  the  prime  mover,  and 
a  continually  varying  load  may  also  serve  to  start  oscillation;  how- 
ever, it  is  becoming  the  practice  to  furnish  oscillating  devices  for 
machines  of  large  >ize  where  applicable.  They  give  uniform  oscilla- 
tion back  and  forth  irrespective  of  load.  Rotary  converters  and 
motor-generator  sets  are  the  types  usually  so  equipped. 

Some  grades  of  brushes,  while  giving  very  good  results  in 
operation  after  a  polish  is  obtained,  may  not  produce  a  satisfactory 
polish  on  the  commutator  when  the  machine  is  first  started.     It  is  a 

common  practice,  in 
such  cases,  to  run 
a  short  time  with 
hrushes  that  will 
produce  a  polish 
and  later  change 
to    the   other. 

The  copper  plat- 
ing on  h  r  u  s  h  e  s 
should  he  kept 
trimmed  hack  so 
that  it  will  not 
make  contact  with 
t  h  e  commutator. 
The  matter  of  fit 
of  hrushes  in  holders  where  box  type  holders  are  used  is  import- 
ant. An  easy  sliding  fit  is  best.  Too  great  looseness  allows  vi- 
bration or  chattering.  Too  tight  a  tit  prevents  the  brushes  from 
moving  in  the  holder  and  making  proper  contact  with  the  com- 
mutator. 

The  face  of  the  hrushes  should  have  the  same  curvature  as  the 
commutator  and  he  ground  to  a  good  fit  with  it.  This  can  he  done 
by  placing  a  piece  of  sandpaper  on  the  commutator  so  that  it  does 
not  round  the  corners  of  the  hrushes.  The  operation  of  grinding 
the  hrushes  on  a  direct-current  machine  to  fit  the  commutator  is 
illustrated  in  Fig.  S. 

The  amount  of  spring  tension  or  pressure  to  he  applied  to  a 


FIG.   i^ — SHOWS   METHOP  OF  GRINDING 
likLSHES    TO    FIT   COMMUTATOR 
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brush  to  hold  it  in  contact  with  the  commutator  varies  over  a  wide 
range.  It  depends  on  speed  oi  commutator,  kind  and  size  of  brush, 
nature  of  service,  etc.  No  definite  rnle  can  be  laid  down.  In  gen- 
I  it  should  be  the  minimum  that  will  give  proper  results.  It 
ranges  from  about  six  pounds  per  brush  in  railway  motors  to  two 
unds  in  ordinary  slow  speed  machines,  and  much  less  on  very 
small  machines.  The  greater  the  pressure  on  the  brush  the  greater 
will  be  the  friction  loss.  The  total  loss  at  the  commutator  may, 
however,  be  less  with  heavy  pressure  and  good  contact  than  it  is 
with  light  pressure  and  poor  contact. 

ise  from  commutators  is  usually  due  to  "squealing"  or  chat- 
ter of  the  brushes  because  of  dryness  of  the  contact  surfaces.     It 
ped  by  lubrication,  changing  the  angle  of  brushes  or  by  use  of 

self-lubricating  b  r  u  s  h  e  s. 
The  matter  of  brushes, 
brush  position,  and  brush 
adjustment  does  not  always 
receive  the  careful  attention 
it  deserves,  as  material  im- 
provements are  sometimes 
effected  by  comparatively 
small   adjustments. 

Gl  NERAL  OPERATING  POINTS 

Special  applications  may 
bring  adverse  conditions  re- 
quiring  special  care  and  at- 
tention on  tbe  part  of  the 
operators      of       machin 
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FIG.     Q — COMMUTATOR     TURNING     TOOL 

YVestinghouse  Electric  &  Mfg.  Company, 
Pittsburgh,   Pa. 


Thus,  for  example,  apparatus  installed  in  dusty  places,  such  as 
cement  plants,  requires  frequent  cleaning.  Again,  chemical  plants 
are  often  found  to  produce  fumes  that  attack  the  copper  commuta- 
tors of  machines,  forming  a  i  oating  on  the  copper  which  is  more  or 

of  an  insulator.  The  remedy  in  such  cases  is  to  exclude  tbe 
fumes  from  the  power  house  or  resort  to  constant  cleaning.  In- 
stallations in  damp  places  call  for  special  attention  and  care.  Other 
cases  bring  their  own  special  problem-. 

Truin  -There  are   several   ways   in   which  a  commutator 

may  be  trued  up.  If  the  roughness  is  slight,  sandpaper  on  a  wood 
block  of  proper  curvature  will  often  be  sufficient  to  smooth  up  the 
surface.     One  defect  of  sandpaper,  however,  is  that  from  its  yield- 
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lathe  t'><>],  the  armature  being  turned  at  a  proper  cutting  speed, 

o  feel  per  minute.     Such  an  arrangement  is  in- 

dicated  in  Fig.  9.     In  the  case  of  higher  speed  machines,  it  has  been 

und  that  often  a  commutator  which  ha-  been  turned  true  al  a  low 

id  may  n<>t  be  perfectly  true  at  normal  -peed  because  of  slight 

tortions  that  take  place  in  the  bars  due  to  the  centrifugal  forces 

l  at  the  high  speeds.    For  this  reason  it  is  becoming  more  and 

r<   the  practice  in  such  cases  to  true  up  the  commutators  at  their 

Is,  accomplishing  .the  work  by  grinding  the  commutator 


TI — Gl  rCE  FOR   TRUING   COMMUTATORS 

Tlr  ve  material  in  the  form  of  blocks  is  moved  across  the 

while  it  i-  turning  at   normal   speed.     Not 
rinj  ks  to  keep  chi]>>  from 

ly  important  when  machines 

I  ompany,   Pittsburgh,  Pa. 

with  a  suitable  form  of  truing  device.     The  grinding  tool  i-  pro- 
vided with  a  guide  so  that  it  can  he  moved  across  the  face  of  the 

mutator.     Two  types  are  in  use,  one  in  which  the  abrasion  i 
•ing  wheel  of  some  abrading  material,  as  shown 
in  Fig.  10;  the  other,  where  the  abrading  material  i«,  held  stationary, 
and  a  sandstone,  emery  or  carborundum  block  i-  used,  a-  illustrated 
in  Fig.   1 1. 

Polishing  a  Commutator — A  commutator  under  normal  operat- 
ing condition-  should  ^oon  acquire  a  polish  or  glaze.      In  most  in- 
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stances  this  will  come  in  regular  operation.  Occasionally  a  case  is 
found  where  thi^  polish  does  not  come  so  readily.  It  ran  usually 
be  produced  by  running  the  machine  withoul  load  and  occasionally 
lubricating  the  commutator  with  a  little  oil.  Temporarily  increasing 
the  brush  tension  will  hurry  the  operation.  In  polishing  a  com  nuta 
tor  just  alter  it  has  been  turned  or  ground,  it  may  be  Found  that 
free  particles  of  copper  are  collecting  on  the  faces  of  the  brushes. 
It'  so,  they  should  be  removed.  This  picking  up  of  copper  should 
disappear  when  the  commutator  has  attained  a  polish.  A  different 
condition  of  picking  up  copper  by  the  brushes  sometimes  occurs  in 
operation,  due  to  electrolytic  action,  as  a  result  of  which  they  be- 
come honeycombed;  this  was  discussed  under  "Local  Roughness 
from  Periodic  Loads."  This  may  or  may  not  cause  trouble.  Some- 
times removal  of  the  copper  may  be  sufficient.  In  bad  cases  a 
change  in  type  of  brush  overcomes  this  action. 

It  is  sometimes  found,  particularly  where  commutators  operate 
at  high  speeds,  that  the  brushes  break  or  split  more  or  less  com- 
pletely in  their  boxes;  thi^  is  due  to  some  unevenness  of  the  co  nmu- 
tator  which  strikes  the  brush  a  small  hammer  blow  at  every  revolu- 
tion. Sometimes  this  unevenness  may  be  very  apparent,  again  the 
commutator  may  have  a  high  polish  and  appear  to  run  true.  It  will 
be  found,  however,  that  some  irregularity  exists  even  though  it  be 
very  slight.  Brushes  will  break  from  a  series  of  minute  blows.  In 
such  cases  a  grinding  of  the  commutator  at  normal  speed  is  the 
best  means  oi  stopping  the  trouble. 

The  greatest  enemies  of  electrical  apparatus  are  moisture  and 
dirt  of  all  kinds,  and  no  class  of  apparatus  pays  a  larger  return  in 
improved  performance  and  life  for  good  care  and  attention.  It  is 
hoped  that  the  present  outline  of  the  factors  involved  in  the  care 
and  operation  of  commutator  type  machines  will  be  of  assistance  in 
securing  the  best  possible  performance. 


NEW  DEVELOPMENTS  IN  STEAM  TURBINE 
ENGINEERING  (Concluded.)* 

EDWIN  D.  DREV1  US 
1  XTENDED  UTILITY  OF  THE  TURBINE  THROUGH   PERFECTION 
OF  THE  LARGE  REDUCTION  Gl   \K 

Use  of  reduction  gears  in  turbine  work  dates  back  to  the  in- 
iuction  of  the  De  Laval  turbine  in  [886.     These,  however,  were 
small   size  and  of   the   solid-bearing  type.     Where   the  power 
transmitted  becomes  of  any  magnitude,  with  dimensions  correspond- 
ingly incn  the  minute  errors  in  gear  cutting  may  greatly  mag- 
nify or  intensify  the  unit  pressures  on   the  teeth   with   excessive 
wear  or   fracture  resulting.     A  compensating  element  must  then, 
necessarily,  be  provided.     The  development  of  the  Westinghouse 
reduction  gear,  which  was  instituted  in   1904,  has  had  for  its  es- 
sential feature  the  carrying  of  the  pinion  in  a  floating  frame  which 
prevents  the  concentration  of  abnormal  pressures  at  any  one  point 
automatic  re-adjustment  of  its  position. f 

The  important  structural  and  operating  features  may  be  under- 
stood from  the  following  summary : — 

1 — Self-aligning,  hydraulically-supported  floating  frame  for 
pini'  >n. 

2 — Pinion  frame  pivoted  at  center  bearing  on  fulcrum,  per* 
mitting  small  oscillations. 

3 — Hydraulic  pressure  in  cylinders  a  measure  of  the  power 
transmitted. 

4 — Spray  lubrication  for  gear  teeth. 

5 — Divided  helical  gears  cut  right  and  left-hand,  neutralizing 
end  thrust. 

6 — Teeth  of  gear  cut  in  special  steel  rim  mounted  on  spindle. 

7 — Depth  of  mesh  easily  regulated  by  hand  adjustment. 

8 — Flexible  driving  shaft  extending  through  hollow  pinion. 
-Flexible  disc  coupling  to  turbine. 

A  detail  section  through  the  pinion  and  floating  frame  is  given 
in  Fig.  21,  and  the  gear  and  pinion  with  cover  removed  is  shown  in 
Fig.  22.  The  most  interesting  feature  of  the  gear  lies  in  the  means 
provided  for  preserving  line  contact  of  the  teeth  and  the  automatic 
adjustment  of  any  slight  wear  which  may  occur.     This  is  done  by 


re  The  .Western  Society  of  Engineers,  Chicago, 
I '  -ch  4.  1912.  In  the  first  installment  of  the  article  in  the  April  issue  this 
ack  nadvertently  omitted. 

+7  -  has  already  been  descrihe-d  in  a  preceding  article  by  Mr.   IT. 

E.  I  .  the  Journal  for  January,  1912,  and  its  details,  therefore,  will 

'  treated  only  in  general  here. 
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carrying  the  pinion  shaft  in  a  three-hearing  frame,  supported  by 
hydraulic  pressure  cylinders  beneath  each  boring.  The  frame  it- 
self is  rigid  and  is  split  horizontally  to  receive  the  pinion. 

On  the  lower  side  of  the  pinion  frame,  and  cast  integral  with 
it,  are  the  three  cylinders  above  referred  to  and  into  which  project 
short  stationary  pistons  resting  upon  planed  pads  of  a  girder  cast 
into  the  gear  frame.  Oil  pressure  is  led  to  the  space  over  the 
upper  surface  of   the   pistons  through   passages  cored  out   in   the 

pinion  frame,  a  n  d 
w  h  i  c  h  communicate 
with  all  three  cylin- 
ders, establishing  uni- 
form pressure.  Hence 
any  inequality  of  tooth 
bearing  pressure  would 
be  conveyed  to  the  pis- 
tons and  thus  instantly 
neutralized. 

The  prominent  use 
of  the  geared  turbine 
will  be  in  connection 
with  large  direct-cur- 
rent generators,  centri- 
fugal pumps,  slow 
speed  propellers  and 
rolling  mill  trains. 

Direct  Current  Ser- 
vice— While  there  have 
been  many  large  di- 
rect-coupled direct-cur- 
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FIG.   21 — SECTION*   THROUGH    PINION   A 


xi)  hydraulic   rent    generators    built, 

FLOATING  FRAME,  HIGH   POWERED  REDUCTION  GEAR         especially  3.  b  V  O  a  d, 

such  skillful  attendance  is  necessary  that  they  cannot  be,  so  far, 
termed  a  complete  mechanical  success.  There  is  no  room  for  argu- 
ment that  the  best  efficiency  is  sacrificed  by  a  compromise  in  the 
design  of  the  two  elements,  and  this  plainly  opens  up  a  large  field 
for  the  geared  unit..  Contrary  to  ordinary  expectation,  the  length 
of  the  complete  direct  current  unit  is  not  increased  in  placing  the 
gearing  between  turbine  and  generator,  principally  for  two  rea- 
sons : — First,  the  length  of  the  high-speed  turbine  is  much  less  than 
a  lower  revolution  machine  of  equal  capacity,  and  second,  a  high- 
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speed,  continuous-current   generator    for  direcl   coupled   units,   re- 
quires a  long,  slender  commutator.     Direct-cur renl  geared  units  as 
large  as  khhi  kw  are  now  successfully  operating  in  railway  service 
with  a  turbine  speed  of  3600  r.p.m.     An   installation   view  of  a 
crating  set  of  this  type,  appears  in  Fig.  23. 
Centrifugal  Pumping — Undoubtedly   further  use  will   now   be 
made  of  the  large  turbine-driven  centrifugal  pumps  by  reason  of 
advances  in  economy  resulting  from  the  introduction  of  the  reduc- 
tion gear.     Direct  drive  has,  however,  been  applied  to  this  da>s  of 
n  example  of  which  may  be  found  in  a  municipal  pump- 
ing plant  in  Canada  where  two  1  [25  horse-power,  1  500  r.p.m.,  tur- 


22 — REDUCTION    GEAR    WITH    COVER    REMOVED 

Showing  pinion  in  floating  frame. 
hint's  were  installed  in  [906.  Another  installation  of  this  kind  was 
made  comprising  a  050  horse-power,  1  800  r.p.m.,  turbine  and 
centrifugal  pump.  The  latter  did  not  experience  a  very  large  meas- 
ure of  -1:  owing  to  the  high  speed  employed,  and  accordingly 
has  been  removed,  a  generator  being  substituted  for  the  pump 
and  an  electrical  load  supplied. 

An  interesting  installation  of  a  pumping  unit  having  a  reduc- 
tion gear  interposed,  has  been  in  operation  for  some  ti'ue  in  an 
Eastern  steel  mill.  A  view  of  the  unit  installed  is  given  in  Fig.  24. 
The  pump  is  driven  by  a  low-pressure  turbine,  as  this  application 
w-as.  the  most  profitable  use  to  which  the  surplus  exhaust  steam 
could  he  turned.     A  reciprocating  pump,  under  the  existing  condi- 
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tions,  would  obviously  have  worked  in  very  poorly.  Well-designed 
triple  expansion  engines  ordinarily  have  a  duty  of  150000000 
foot-pounds*  per  1  000  pounds  of  steam  1  [50  lbs.  pressure  dry-satu- 
rated) while  the  direct-coupled  turbine  and  pump  may  show  only 
about  liali  as  good  a  performance  as  that  of  the  reciprocating  type. 
The  j?^  horse-power  low-pressure  outfil  here  shown,  when 
operating  with  27  inches  vacuum,  lias  a  guaranteed  duty  of 
52074000  foot-pounds  per  i  000  pounds  of  dry  saturated  steam 
supplied  at  a  pressure  of  15  lbs.  absolute.  The  pump  is  designed 
for  an  efficiency  of  j^  percent  and  the  gear  is  included  at  97  percent. 


FIC.    23 — IOOO    KILOWATT    DIRECT-CURRENT   GEARED    UNIT 

(San  Diego  Streel  Railway  Company.)  . 
a  water-rate  of  28.6  11)-.  per  brake  horse-power  having  been  used 
in  determining  the  above  duty.  With  a  complete  expansion  turbine 
driving  through  a  gear,  the  combination  would  attain  a  result  of 
about  1 10  OOO  OOO  ft.-lbs.,  and  likely  120  000  000,  or  better,  with  a 
greater  pump  efficiency,  an  interesting  approach  to  the  triple  ex- 
pansion unit  above  noted.  In  cases  where  the  pumping  equipment 
is  to  be  operated  intermittently,  the  commercial  economy  of  the 
geared  turbine  set  should  become  superior  owing  to  its  lower  first 
cost  and  repair  charges,  considering  its  inherent  simplicity  as  com- 


Highesl  record  with  superheat,  reheating  and  steam  jacketing,  1S4  47(1200 
ft.-lbs.     Philadelphia  pumping   station. 
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pared  with,  for  instance,  the  vast  number  of  small  deck  valves  em- 
ployed on  the  reciprocating  unit. 

Application — Turbines  were  first  introduced  in  marine 
s  in  1894  when  the  Turbinia  was  so  equipped.  The  trials  of 
this  ship  pointed  definitely  to  the  practicability  of  the  turbine  for 
this  service  and  the  results  have  been  so  favorable  that  there  have 
n  installed  to  date,  an  aggregate  of  over  6  000  OOO  horse-power 
oi  turbines  in  marine  service,  embracing  all  classes  of  war  vessels, 
merchant  marine  and  pleasure  yachts. 

Jt  should  be  noted  that  in  the  impressive  capacity  represented 
by   marine   installations,   all    turbine-   have   been   direct  coupled   to 


FIG.   24 — LOW   RESSUBB  TUSBIKE  AND   PUMPS   WITH    REDUCTION 
GEAR    INTERPOSED,   INSTALLED   IN    DEEP   PIT 

the  propeller  shafts,  with  possibly  one  or  two  exceptions.  Not- 
withstanding the  remarkable  recognition  already  accorded  the 
marine  turbine,  it  must  be  acknowledged  that  the  turbine  has  in 
these  cases,  been  installed  under  a  disadvantage.  Again  there  is  a 
compromise  of  speeds  between  that  of  the  turbine  and  propeller, 
such  that  their  designs  and  efficiencies  are  prejudiced  when  direct 
coupled.  It  is  not  surprising,  therefore,  that  the  experience  of  the 
U.  S.  Navy  Department  has  not  come  up  to  expectations.  Records 
show  that  propellers  for  engine  and  turbine  driven  vessels  have 
developed   co-efificients   of   65   and    53.8   percent    respectively,   evi- 


STF..IM  TURBINE  DEVELOPMENTS 


399 


dently  handicapping  the  turbine  where  direct  drive  is  employed, 
and  little  if  any  has  been  gained  in  weight,  space  and  efficiency 
owing  to  the  bulk  and  poor  steam  distribution  required  by  the  low 
speeds.  Space  will  not  allow  of  a  more  critical  discussion  of  the 
subject  at  this  time,  but  the  reasons  before  cited  show  that  we  may 
with  surety  look  forward  to  the  marine  turbine  being  given  a  new 
standing  and  fresh  impetus  through  the  interpolation  of  the  reduc- 
tion gear. 


FIG.   25 — TURBINE  DRIVEN   ROLLING    MILL   INSTALLATION 

Calderbank  Steel  Work,  Scotland. 

The  effect  of  the  increased  efficiency  of  both  turbine  and  pro- 
peller in  a  marine  installation  has  even  a  more  far-reaching  effect, 
as  a  large  reduction  in  coal  bunker  capacity  is  also  brought  about, 
and,  moreover,  the  boiler  horse-power  required  is  reduced  approxi- 
mately one-third.  The  saving  of  one-third  of  the  space  occupied 
by  these  boilers  will  be  seen  to  be  a  very  large  item.  As  each  of 
these  ships  carry  192  firemen  and  123  trimmers,  the  reduction  of 
the  number  of  boilers  to  be  fired,  would  effect  a  material  reduction 
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in  tlie  expens  this  pari  of  the  crew.     There  is  another  consid- 

ition  which  deserves  mention,  viz.,  it  the  increased  space  made 
available  by  the  reduction  in  boiler  and  engine  room  and  bunkers 
could  not  be  profitably  used,  the  general  proportions  of  the  vessel 
might  be  decreased,  which  would  immediately  have  an  accumula- 
tive effect  and  again  reduce  the  amounl  of  power  required  For 
propulsion. 

The  requirements  for  war  ships  are  very  different  from  those 
senger  vessels  which  run  normally  at  full  speed,  as  war 
-hip-  run  at  full  -peed  only  in  case  of  emergency.  When  cruising. 
they  use  less  than  one-fourth  of  full  power.  As  the  efficiency  of 
the  existing  marine  turbine  falls  off  rapidly  at  reduced  (rotative) 
.  the  -team  consumption  per  horse-power-hour  becomes  seri- 
ous when  the  ship  is  running  at  cruising  speed.  The  desideratum 
is,  therefore,  a  turbine  capable  of  performing  economically  at  both 
cruising  and  full-speed. 

The  Government  i-  now  conducting  extensive  trials  of  this 
method  of  propulsion  and  the  result  will  be  publicly  reported  in  the 
near  future.  Plans  have  been  made  for  the  substitution  of  the 
turbines  of  the  battleship  North  Dakota  by  smaller  geared  tur- 
bines and  the  improvement  which  will  be  effected  will  be  of  the 
nature  already  denoted. 

The   reduction   gear   now   brings   the   lake   steamers   and    slow 
within  the  domain  of  turbine  application,  and  it  is  not 
un:  g     that   marine  engineering   will   be   revolu- 

tionized in  the  immediate  future  in  a  manner  similar  to  that  wrought 
by   the  turbine   in   stationary   practice.      There   is   besides   the  me- 
chanical application,  an  hydraulic  and  electric   system   which  have 
been  tried  out  in  marine  work,  but  these  are  inherently  inferior  in 
ation  and  efficiency.      The  hydraulic  or  Fottinger  gear  has 
•   d  in  Germany  and  within  the  last    few  months  the   ('.  S. 
ent  has  contracted    for  electrical  equipment   in   order   that 
competitive  trial-  may  be  conducted  and  comparisons  drawn   with 
the  geared  outfit. 

Rolling  Mill  Service-  With  the  turbine  now  being  used  in  tin- 
rolling  mill  by  mechanical  coupling  to  the  rolls  through  gears,  it 
-fully  encroached  upon  every  important  field  of  applica 
tion  of  the  reciprocating  engine,  with  the  exception  of  the  revet 
ing.  hoi-ting  and  rolling  mill  service.  While  the  reversing  marine 
turbine  i-  now  an  actuality,  yet  it  i-  a  problem  whether  the  turbine 
will   become   a   factor   in    stationary   rever-ing   work,   especially   in 
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small  sizes.  As  the  matter  is  of  direcl  interest  in  connection  with 
the  developmenl  of  the  large  power  reduction  gear,  the  essential 
facts  of  the  geared  turbine  rolling  mill  installation  of  the  Calder- 
bank  Steel  Works,  Scotland,  are  reproduced,  together  with  a  plan 
<>t  the  layout.  Fig.  25  shows  the  general  arrangement  of  the  in- 
stallation in  elevation  and  plan.  These  ware  discussed  at  length  in 
a  paper  read  before  the  West  of  Scotland  [ron  and  Steel  [nstitute 
by  Mr.  A.  Quinton  Carnegie,  extracts  of  which   Follow: 


"Tin.'  steam  turbine  is  of  the  Parsons  mixed  pressure  type  and  is  de- 
signed to  run  at  2000  revolutions  per  minute.  'I  he  mill  runs  a;  a 
speed  "i  70  r.p.m.  and  the  speed  "i"  the  turbine  is  reduced  From  2000  r.p.m, 
in  two  steps,  the  intermediate  shaft  running  at  about  .^s  r.p.m.  Both  pairs 
of  gears  are  arranged  in  cast  iron  gear  cases,  which  arc  provided  with  suita- 
ble  white-metal-lined   bearings  For  the  shafts. 


FIG,   26 — SINGLE   STAGE  TURBINE    DRIVEN    PUMP   FOR   LOW   DUTY 

*  "Flexible  couplings  arc  fitted  between  the  turbine  and  the  high- 
speed pinion  shaft,  and  also  between  the  first  and  second  reduction  .years. 
The  couplings  allow  For  small  errors  in  the  alignment  of  the  shafts,  and  a 

give  the  necessary  end   freedom    for  expansion   of  the  steam  turbine   shaft. 

*  *  *  "The  first  slab  was  put  through  the  mill  on  September  15,  1910, 
after  the  whole  plant  had  been  run  slowly  for  several  days,  to  allow 
the  main  bearings  to  settle  down   into  working  order. 

*  *     *     "Up  to  thirty  slabs  have  been   rolled  in  an  hour,  and  the  maxi- 
mum size  of  the  plate  has  been  (*>   feet   long  and   about   6   feet   wide,    with  a 
minimum  thickness  of  3/16  inch.     The  lifting  tables  for  some  time  worked 
slowly,  but  they  have  now  been  speeded  up  and  take  six  seconds  for  the  lift 
and   fall. 

;::    "The  general  experience  which  has  been  obtained  with  the  work- 
ing of  this  plant   i-  sufficient  to  show  that  the  experiment  has  proved  a  mosl 
gratifying  success.     The  mill  has  been  working  regularly  ever  since  the  heavy 
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bear  settled  down  into  good  working  order  and  no  trouble  of  any 

curred. 

"Referring  now  to  the  future  fields  which  these  two  important 
experiments  have  opened  up,  the  writer  sees  no  difficulty  in  applying  turbines 
to  the  driving  of  textile  mills  or  other  works  which  require  large  powers.  The 
red  turbine  will  easily  give  the  absolutely  uniform  speed  of  drive  on  which 
ad\  of   electric   driving   for  cotton  mills  based  all  their  claims,  and  it 

will   give  this  without  the   intervention  of  electrical  machinery  with  its 
power  losses  and  heavy  capital  cost." 

ADDITIONAL  FIELDS  OF  APPLICATION 

For  the  reasons  which  have  made  the  turbine  prominent  in  the 
applications  previously  mentioned,  new  fields  have  been  constantly- 
opening  up  for  this  interesting  prime  mover.  Some  of  the  more 
important  ones  are  in  connection  with  low  duty  pumps,  air  or  gas 
compressors,  train  lighting  sets,  and  locomotive  headlighting  outfits. 

Temporary  work  o  r 
cheap  fuel  may  demand 
a  pumping  unit  of  low 
duty  only.  This  would 
be  satisfied  by  a  single- 
stage  pump  direct 
coupled  to  a  single  tur- 
bine, as  illustrated  in 
Fig.  26. 

Air  and  Gas  Com- 
pression— One  of  the 
latest  invasions  of  the 
stronghold  of  the  recip- 
rocating unit  has  been 
the  building  of  high- 
pressure  centrifugal 
compressors.  In  the 
past,  neither  the  centrifugal  pump  nor  compressor  have  been  con- 
sidered as  being  practical  for  high  head  work  or  pressure,  owing 
to  the  poor  showing  made  by  the  early  types.  The  fundamental 
theory  of  centrifugal  design  has  not  heretofore  been  sufficiently 
understood  and  appreciated  so  that  we  are  just  awakened  to  the 
unusual  possibilities  of  centrifugal   units  for  this  service. 

Analysis  of  preceding  constructions  will  show  the  entire  lack 
of  regard  of  the  necessity  of  converting  the  kinetic  energy  repre- 
sented by  the  final  velocity  into  potential  energy,  so  that  50  percent 
of  the  energy  was  lost  merely  in  this  way  without  reckoning  the 
other  losses  attending  its  operation.     There  are  several  methods  of 


FIG.    27 — THREE-STAGE   CENTRIFUGAL   AIR 
COMPRESSOR 

For  delivery  pressures  of  15  to  30  lbs.  gauge. 
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effecting  this  conversion,  i.  e.,  diffusion  valves,  volutes  of  proper 
design,  and  diffusion  tubes  or  inverted  nozzles,  and  the  application 
of  these  is  governed  by  the  nature  and  extent  of  operation.  Hence 
with  proper  designs,  efficiencies  of  60  to  85  percent  are  obtain- 
able. Details  of  a  high  efficiency  compressor  designed  for  mod- 
erate pressures  of  15  to  30  lbs.  gage  are  given  in  Fig.  27. 
Several  single  impellers  (as  shown)  may  be  placed  on  a  com- 
mon shaft  and  operated  in  series,  each  imparting  an  equal 
amount  of  energy  to  the  air,  and  thus  serially  building  up  the 
pressure.  Each  succeeding  impeller  raises  the  pressure  a  high- 
er degree  than  in  the  preceding  stage,  as  may  be  quickly 
grasped  in  dividing  up  the  compression  card  into  equal  di- 
visions of  work.  Or,  in  other  words,  since  the  energy  expended 
in  each  stage  is  the  same,  the  pressure  difference  must  be  greater  in 


FIG.    28 — LOW    PRESSURE    SINGLE-STAGE    CENTRIFUGAL    COMPRESSOR 

For  delivery  pressures  of  two  to  four  pounds, 
as  much  as  the  volume  delivered  to  the  following  impeller  is  less 
owing  to   its   higher   pressure.     This    follows    from   the    formula, 
PVn  =  K. 

The  noteworthy  features  of  the  multi-stage  compressor  is  that 
the  efficiency  of  the  series  of  impellers  is  the  average  of  each 
independent  wheel ;  losses  are  not  cumulative,  as  may  be  supposed. 
Blowers  of  this  type  may  be  conveniently  built  in  sizes  impractical 
in  the  reciprocating  design.  Freedom  from  pulsations  and  vibration 
in  the  system  is  a  large  factor  in  their  favor,  and  foundation  re- 
quirements also  may  be  found  to  be  a  consideration.  The  other 
advantages  of  reduced  attention  and  lubrication  costs  are  evident 
with  centrifugal  construction. 

Compressors  of  this  type  containing  10  or  more  stages  are  read- 
ily built  for  pressures  of  80  to  100  lbs.  It  so  happens  that  the  centrifu- 
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3  lia>  been  connected  to  a  7°°  horse-power 
turbine  of  3600  r.p.m.,  and  is  correspondinglj   represented 
in  tial  detail.     This  is  probabl}   one  of  the  mosl    familiar  ol 

•cti(  n-  to  engineers  in  general,  and  there  is  warrant  in  re- 
marking that    for  this  capacity   and   speed   the  design  lias   proven 
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itself  most  efficient  mechanically  and  thermodynamically. 

Locomotive  Headlight  Sets  -There  are  certain  railway  systems, 
ially  single-track  line--,  which  require  special  safety  measures 

in  rate    fast   train-  and   maintain   schedules.     A   most 


i  i 

int-  tion    of    the   turbine    responds    to    this    need    in 

trie    arc   headlight    from    a    small    self-contained 
gei  mounted  on  tin-  engine,  either  above  the  boiler  or 

on  the  pilot.     This   [>enetrating  light   may  be   distinctly  observed, 
m  a  li  vision  for  a  distance  of  over  one  mile 
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at  night,  and  the  radius  of  the  engineer's  sight  extended  3000  feet. 
Warning  of  danger  ahead  i-  therefore  given  in  time  to  escape  or 
avert  accidents.  It  is  no  doubt  understood  by  man)  thai  a  number 
of  states  have  enacted  laws  compelling  train-  to  be  equipped  with 
electric  headlighting  sets,  or  other  high  candle-power  lamps,  and 
the  greater  safety  along  these  highways  is  evident.  Reliability  i> 
therefore  most  important,  and  the  simplesl  and  most  dependable 
mechanisms  are  demanded.  Fig.  29  illustrates  how  some  of  the  de- 
signs previously  described  have  been  reduced  to  such  a  satisfac- 
tory state.  All  parts  of  the  turbine  and  generator  arc  totally  en- 
closed a-  shown  in  Fig.  30  anil,  therefore,  weather-proof.  The  unit 
i-  but  three  feet  in  length  and  develops  one  kilowatt  at  qnoo  r.p.m., 
using  about   [85  pounds  of  steam  per  hour. 


, 
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FIG.   31 — TURBINE    DRIVEN    GENERATOR    FOR    IKAIX    LIGHTING    SERVICH 

Train  Lighting — Generating  equipments  driven  from  the  axle 
of  the  ear  wheel,  have  been  used  for  this  service,  and  possess  some 
advantages,  but  are  plainly  very  complicated  and  undoubtedly  re- 
quire a  high  degree  of  supervision  to  maintain  them  at  reasonable 
oust.  They  are  possibly  best  suited  to  train-  making  short  local 
runs,  and  in  cases  where  the  make  up  of  the  train  is  subject  to 
ffequent  change,  to  avoid  making-  and  breaking  electrical  connec- 
tion between  successive  car-.  The  storage  battery  outfit  i-  the  sim- 
plest installation,  but  the  chief  objection  to  this  type  i-  to  be 
found  in  the  attention  required  and  the  provisions  for  charging 
nece:  sary  at  the  terminal-. 

Steam-driven  generating  sets  are  the  next  in  simplicity  and 
probably  form  the  most  practical  solution  of  the  car  lighting 
problem.  Reciprocating  steam  engines  have  been  used  to  «>mv 
extent,  and  while  their  economv  in  unit-  of  -mall  size  i-  somewhat 
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superior  to  that  of  the  turbine,  the  latter  is  to  be  preferred  owing 
to  it?  quiet  operation.  Units  for  such  service,  are  generally  in- 
stalled in  the  baggage  car,  and  in  the  absence  of  heavy  foundations, 
the  reciprocations  of  the  engine  may  be  felt  throughout  the  entire 


TIG.    2)2 — ARRANGEMENT    OF    I  OOO    KW    TURBINE    WITH    LEBLANC    CONDENSER    AND 
AUXILIARIES   DIRECTLY   BENEATH    BEDPLATE 

train  and  have  proved  very  annoying.  The  turbine,  on  the  other 
hand,  is  inherently  quiet-running  and,  moreover,  its  small  floor 
space  requirements  possess  a  real  value  in  this  particular  service. 


fW-1     --^ 


FIG.    2>Z — COMPACT   ARRANGEMENT   OF    SURFACE   CONDENSER   AND   TURBINE- 
DRIVEN    AIR,    CIRCULATING    AND    HOT    WELL    PUMPS 

A  turbine  driven  equipment  such  as  shown  in  Fig.  31  would  obvi- 
ously prove  best  for  long  distance  "through"  trains,  all  coaches 
being  on  one  electrical  circuit  supplied  from  the  single  source. 

The  greatest  advantage  of  the  independent  steam  unit  evidently 
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FIG.   34 — LAYOUT   OF  AUTOMATIC   BLEEDER   TURBINES 

For  central  station  serving  electrical  and  heating  load. 
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lies  in  the  possibility  <>t'  maintaining  continuous  operation  for  any 
g   rdless  of  whether  the  train  is  in  motion  or  at  rest.    This 
cha  istic  will  be  appreciated  b)    those  who  have  experienced 

ged  delays  in  darkened  cars. 

Ml".    M'.W    TYPES   "I     l  NSTALLATIONS 

For    straight    condensing    operation,    Figs.    32    and    33    show 
mimical    layouts    as    regards    piping    connections    and    compact 
arrangement    of    condenser    and    auxiliaries    directl}    beneath    the 
turbine,    which    obviously    avoids    obstructing   the    path    of    travel 
in    the    basement.       Fig.     32     is     of     particular     interesl     as     it 
ws     how     simply     and     effectively     turbine     driven     air     and 
circulating     pumps     may     be     applied     to     surface     condenser 
rk     and     the    minimum     floor     space     requirements.       Fig.    34 
ents  a  typical  layout  of  a  central  station  equipped  with  auto- 
matic bleeder  turbines   serving  a  combined  heating  and   electrical 
load.     As   to  be  noted,  the  arrangement   of  piping  is  exceedingly 
simple,  the  exhaust   and   bleeding  connection    from   each  unit   de- 
livering int<>  common  header-  which  lead  respectively  to  a  central 
ndenser  and  the  heating  system.     In  some  installations  it  may  be 
the  de-ire  to  divert  all  the  steam  from  the  turbine  into  the  heating 
tern.     If  the  turbine  is   fairly  well  loaded,  a-  it  probably  would 
he  under  these  circumstancesj  it   would  prove  more  economical   to 
have   the   steam   pa--   through    the   entire   turbine,   providing   none 
•  to  atmosphere.     This  could  easily  he  accomplished  by  in- 
ducing gate   valves    B   and    /:.   Fig.  34,   in  the  main  exhaust  and 
hleeder  line-   from  each  turbine  and  the  inter-connection  (  .      Then 
■     run  the  low-pressun  -  non-condensing,  passing  all  steam  to 

the  heater  system,  valves   B  and  /:    would  he  closed  and  the  valve 
in  tion    C   opened.      With   automatic   bleeding  operation,   as 

rmally    obtains,    B  and    /:   are    open    and    C  closed.     Operating 
•nden-ing.  H  and   I  losed,   E  obviously  being  wide 

n  and  the  automatic  valve  on  the  turbim  1  out  of  action. 

CO] 
In    attempting   to   outline    the    numerous    development-    which 
have  taken  place  in  the  turbine  art  in  the  pa  I    few  years,  oik-  i- 
lit  many   features   which   are  of   great   interest,   in 
id  a  di  n  of  greater  length  than  at  present  i-  de- 

ed.    It  i-  hoped,  however,  that  the  vhich  have  been  here- 

in set  forth  will  lead  to  a  further  study  of  these  -ignifkant  sub- 


STANDARDIZATION  IN  MANUFACTURING 

\\   tNDUSTRIAL  EXAMPLE 

H.  F.  CHADWICK 

Standardization  in  its  application  [ineering  products  in  general  was 

discussed  in  the  article  by  the  author  in  the  April  issue.  It  was  pointed  oul 
that  standardization  serves  as  a  means  of  securing  ease,  economy  and  expedi 
tion  of  production,  and  that,  provided  it  is  not  effected  too  soon  or 
adhered  to  too  tenaciously,  the  advantages  in  manufacturing  de- 
cidedly overbalance  the  disadvantages  This  is  especially  true  in 
relation  to  the  problem  of  carrying  stock,  which  directly  influences  the  de 
livery  of  apparatus.  I;  i-  apparent  that  the  larger  a  manufacturing  company 
becomes,  esp  cially  if  it  ha-  a  diversified  product,  the  inure  necessarj  is 
standardization  for  economic  and  speedy  production.  This  fact  ha-  been 
recognized  by  the  managements  of  mane  large  manufacturing  companies. 
Some  'if  the  standard  methods  v.  Inch  have  been  evolved  in  a  practical  way  by 

the  VVestinghouse   Electriq  &   Mfg    C pany,  with   which   the  writer   i-  con 

r.ected,  will  he  discussed  in  this  article. 

THE  importance  of  standards  for  a  large  manufacturing  com- 
pany cann<  >t  be  i  >verestimated.  Standardization  work  has  been 
earned  on  for  many  years  by  the  Electric  Company.  The 
early  standardization  work  was  carried  on  by  the  drafting  depart- 
ment, on  account  of  the  absolute  necessity  for  having  standards  for 
screws,  bolts,  rivets,  wire-  and  other  similar  parts  which  are  being 
constantly  specified  by  draftsmen.  When  the  engineering  depart- 
ment was  rearranged  eight  years  ago,  the  standard  section  was  made 
a  part  of  the  engineering  department.  Since  that  time  the  -cope  of 
tlie  work  has  been  very  much  broadened,  and  the  work  has  been 
prosecuted  along  many  line-  which  were  not  attempted  before. 

There  are  few  parts,  method-,  processes,  or  materials  used  in 
engineering  work  which  do  not  make  good  subjects  for  standardiza- 
tion. In  many  cases  standardization  and  systematizatiOn  are  syn- 
onymous, and  it  is  generally  the  case  that  systematic  men  are  most 
willing  to  adopt  standards  for  their  work. 

Generally  it  is  not  difficult  to  convince  an  individual  or  a  firm 
that  standards  are  desirable;  the  difficulty  comes  in  having  the 
standards  actually  Used.  In  a  large  firm,  where  there  are  many 
engineers  and  draftsmen,  with  a  tendency  toward  change  of  per- 
sonnel, the  problem  of  keeping  each  man  posted  in  regard  to  stand- 
ards which  should  he  followed  is  not  a  -mail  one.  This  is  done  by 
means  of  standard  books  and  various  card  indexes. 
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OFFICIAL  STANDARD   BOOK 

I  he  Electric  Company's  official  standard  book  is  a  book  of 
prints  of  about  350  pages,  with  the  following  general  divisions: — 
Drawing  System,  Nomenclature,  Fasteners,  Wires  and  Cables,  Gen- 
eral Design  and  Figuring  Data. 

The  sections  on  Drawing  System  and  Xomenclature  contain 
the  sheets  which  might  strictly  be  called  a  drawing  dictionary,  with 
sheets  on  lettering,  dimensioning,  finishes,  gauging  of  material, 
sizes  of  drawings  and  example  drawings.  There  are,  in  addition  to 
these,  an  illustrated  index  showing  the  official  names  and  character- 
istics of  much  used  parts,  and  standard  abbreviation-. 

In  a  modern  drafting  room,  a  draftsman  should  not  be  called 
upon  to  take  the  time  to  hunt  for  dimensions  of  standard  parts.  As 
soon  as  possible  after  a  piece  becomes  standard  every  draftsman 
should  have  information  in  regard  to  its  dimensions,  so  that  when- 
ever he  wishes  to  use  it  he  can  promptly  draw  it  to  scale  without 
having  to  hunt  up  the  required  information.  For  this  reason  there 
are  many  sheets  on  standard  fasteners,  such  as  bolts,  screws,  nuts, 
washers,  keys,  cotter  pins,  taper  pins,  rivets,  etc.,  also  complete 
data  in  regard  to  straps,  wires  and  cables,  which  form  a  very  im- 
portant part  of  all  electrical  apparatus.     (See  Fig.  1  ) 

I  nder  General  Design  are  many  valuable  sheets  which  are  in- 
tended to  produce  uniformity,  not  only  among  machines  or  parts 
of  machines  of  one  particular  line,  but  all  lines  of  machines.  The 
more  of  these  standards  that  are  available,  the  more  uniform,  obvi- 
ously, will  the  product  become.     (See  Figs.  2,  3  and  4) 

The  section  on  Figuring  Data  is  composed,  in  part,  of  informa- 
tion collected  from  reliable  outside  sources,  which  is  recognized 
and  used  more  or  less  generally  all  over  the  country,  and  is  arranged 
in  convenient  form  for  reference  by  engineers  and  draftsmen. 
The  balance  of  the  sheets  in  this  section  represent  formulas  and  data 
which  are  entirely  original  or  original  in  application  with  the  Elec- 
tric Company.     (See  Figs.  5  and  6) 

PART  INDEX 

Over  nine  years  ago  a  scheme  was  devised  for  keeping  a  record 
of  parts  that  are  likely  to  be  duplicated.  This  scheme  as  now  in 
effect  consists  of  what  may  be  called  a  card  picture  index  of  parts, 
one  box  from  which  is  shown  in  Fig.  7.     The  part  to  be  indexed  is 


77;  i  I    JOURNAL 

Method  of  Winding  Coils   for  Open  Slot  Machines 


■ 

Wound    flat    an,: 


vrt  Coil 

•  Ha  no 


Tft.j    coil  ran  only  be 
wound    ffof  and  amf 
to   the  shape  thonn 


~\Z~S 


Fig.  3. 


Manufacturing  Allowances-  Windings 


Induction  Motors 
kotob  and  statol)  windings-  minimum  allowances  in  direction  of  shaft 


~h~-  ?■ 


•  t*0*J    CDOtf 
W^-f     | t,  >      :     *•• 

■  ,    -ti  >■  -     -    '&'  e/nd 

erd    i 


-  B 


OV^JLLJ  Lj^U\yj 


£<S£ffcA   shows   oil  bars    of 
equal  length   A       In  some 
windings    the    bars     ore   of 
unequal    length     In  nfhrr 
Cote  vonohon'H'  should  be, 
added  tc  the  fetal  length  a/eacJt  bar 
-      Sketch  shows    cond't'on 
*hert    there  a   contact  of 
insulotmg  material   between 
end  connector  and  end  plate 


t*  tcnee    - 


J*  ¥oriotion  of  0  '"  bendmg 


H  •   Vn- 

r      t  if 


£    for 

Cnd  Places 


ALLOW*HC£ 
FOR    INSULATION 


' 


*C0    TO  A   A 

— vi — 


-^  -  A00   TO   A 

Strap  B     • -J — - 


Potto    % 


ADO    TO    A 


'I 
3*4  leu 


3 
•2 


* 


insulation  cleoronce  space, 

y  on  vorioftons    in 
insulation  mil  be  shown  on 
"'chtS 
■t,on   tngineers  mil 
chece    h/l  on  drawings 


7i 


iNSTttuCTIONi    TO   DBAFTSVtEN;     Af-  r-  ttf    ben    l'1  Connector  and  tnd  Plate, 

M  *  ffi    tr.r.:e    variations ,    will    then    leave    length 


L      C-r'-'  '  -  ' 


* '     '  /       ' 


ona    Ind    P't 


Tin.  4. 


STANDARDIZATION  IX  MANUFACTURJ 


4'. 


sketched  with  it^  proper  dimensions,  the  sketch  being  sufficiently 
clear  to  identify  the  part  by  the  picture.  The  sketch  is  placed  on  the 
guide  card  in  the  index,  and  after  being  photographed  down  to  small 
dimensions,  also  appears  on  the  ear  of  the  card.  The  information 
cards,  giving  sufficient  detail  For  anj  ordinary  identification  of  a 
drawing,  follow  the  guide  card.  The  classification  is  bj  subjects,  and 
then  by  shapes.  At  the  present  time  aboul  700  subjects  are  indexed, 
and  these  are  being  added  to  from  time  to  nine.  This  has  required 
the  making  of  between  2  too  and  2  200  sketches,  and  the  master  in- 
dex contains  something  over  50000  information  cards,  each  infor- 
Weiohts  of  Materials- Metal  Sheets 


niation  card  containing  on  an  average  of  four  items,  making  a  total 
of  over  200000  items  which  have  been  indexed. 

This  index  was  started  in  an  experimental  way  with  a  few  sub- 
jects. Later  it  was  decided  to  make  it  the  medium  for  locating  parts 
of  apparatus.  In  the  making  of  the  index  it  was  therefore  ne< 
sary  to  go  back  over  old  drawings,  ami  in  doing  this  approximately 
I20  000  drawings  had  to  he  examined,  and  the  items  taken  off  and 
classified.  This  work  when  done,  however,  was  of  very  lasting 
value,  for  the  reason  that  for  any  subject  indexed  it  should  he  p 
sible  in  a  few   seconds  time  to   find  any  drawing  which   has  been 
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made  for  the  particular  part  in  question.  As  the  items  are  indexed 
on  the  information  cards  by  the  principal  or  more  important  di- 
mensions, as  for  example,  the  diameter  of  bearings,  the  search  for 
a  particular  item  may  soon  he  narrowed  down  t«>  a  very  few  draw- 
in.. 
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Section  of  page  from  Standard  Book 

The  part  index  is  not  intended  to  take  the  place  of  working 
drawings,  but  ic  merely  a  means  of  finding  the  proper  drawings  for 
any  given  subject.  When  it  was  decided  to  complete  the  index,  a 
very  careful  survey  was  made  through  the  different  engineering 
and  drafting  divisions  to  determine  what  parts  should  be  indexed 
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and  what  should  be  omitted.  The  original  list  of  parts  decided 
upon  as  all  that  it  would  be  necessary  to  index  was  about  350. 
This  was  followed  by  constant  requests  to  index  additional  parts, 
until  the  number  grew  to  its  present  value — about  twice  the  num- 
ber originally  decided  upon.  On  account  of  new  designs  being 
made  continually,  new  shapes  are  constantly  appearing  for  those 
parts  which  are  already  indexed. 

An  attempt  is  now  being  made  to  indicate  in  the  index  the 
parts  which  are  standard,  the  parts  preferred,  and  the  obsolete  de- 
signs, as  a  guide  for  those  who  use  the  index,  to  prevent  as  far  as 
possible  the  duplication  of  parts  which  it  is  desirable  to  discon- 


Fig.  7. 

tinue.  The  value  of  such  an  index  in  connection  with  a  modern 
drawing  system  should  at  once  be  apparent.  Not  only  is  a  drafts- 
man able  to  find  any  design  which  has  been  made  and  thereby 
avoid  the  making  of  new  drawings,  but  he  is  able  to  follow  the 
standard  lines  of  design  which  have  already  been  laid  out. 

Before  the  introduction  of  this  index,  it  frequently  occurred  that 
in  different  lines  of  design  (for  example,  alternating-current  and  di- 
rect-current motors)  handled  by  different  men,  totally  different 
methods  were  used  in  parts  which  might  be  identical.  The  part  in- 
dex creates  a  tendency  for  these  designs  to  be  merged  together  and 
for  common  parts  to  be  used  for  many  of  the  details. 

{To  be  continued) 


DETERMINATION  OF  FRICTIONAL  RESISTANCE 

OF  MINE  CARS 

G.  W.  HAMILTON 

THE  importance  of  having  definite  information,  obtained  from 
actual  test,  regarding  the  fractional  resistance  of  mine  cars, 
as  a  basis  for  determining  the  weight  of  locomotive  and  in 
urn  the  capacity  of  motor  equipment  required  to  meel  given  condi- 
ons  ni  service  in  working  up  mine  haulage  propositions,  was  very 
orcibly  brought  out  in  a  recent  article  on  mine  locomotives.'*     For 
many  years  the  builders  of  electric  locomotives  assumed  this  resist- 
ance t  i  be  from  30  to  40  pi  >unds  per  t<  »n  1  »f  2  000  p<  »unds,  regardless 
the  >i/A-  and  weight  of  the  car,  or  the  kind  of  wheels  and  journals 
with  which  it  had  been  equipped.    These  figures  were  fairly  accurate 
ten  years  ago  when  mules  were  generally  employed  to  secure  the  out- 
put, and  the  cars  were  made  small  and  light  in  order  that  several  per 
trip  might  be  hauled  by  each  mule,  thus  serving  the  greatest  number 
of  rooms  and  entries.    With  increase  in  the  size  of  mines,  involving 
larger  outputs  t'>  be  hauled  from  greater  distances   by  electric  loco- 
motives, not  only  has  the  capacity  of  the  mine  car  been  increased, 
but  its  weight  and  strength  has  also  been  increased  to  meet  the  new 
litions. 

ne  can  readily  understand  the  significance  of  these  changes  in 
the  method  of  haulage,  and  consequent  changes  in  construction,  when 
it  is  recalled  that  a  mule  is  used  to  haul  about  four  cars  to  a  trip 
on  an  average,  and  that  some  locomotives  today  are  hauling  eighty. 
As  the  increased  length  of  the  trip  ( train  >  permits  coal  to  be  brought 
m  an  increasing  distance  without  additional  cosl  for  labor,  the 
tendency  will  he  to  use  larger  and  heavier  cars  having  less  frictional 
ce. 

Mill  HODS  of   MEASURING 

veral  practical  method  available  for  obtaining  the  fric- 

tional resistance  of  the  cars  in  use  at  a  mine.  Four  of  these  are 
briefly  outlined  below. 

Approximate    Measurement    by    Observation     Ascertain    the 

grade  on  which  loaded  cars  are  run  down  onto  the  cage  in  a  shaft 
mine,  to  the  end  of  the  rope  in  a  slope  mine,  or  the  grade  of  the  re- 
turn track  on  which  the  empty  car^  are  run.  at  the  tipple  of  a  drift 
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in  the  J«  '  '••..  toj  •  and,  -  'li^>rial,  p.  969 
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m i n c- . ^  With  this  information  at  hand,  watch  the  cars  from  the  time 
the  sprags  have  been  withdrawn  from  the  wheels,  or  the  brakes  re- 
leased, in  a  shaft  or  slope  mine,  and  note  how  they  operate  from  this 
moment  until  on  the  cage  or  coupled  to  the  rope.  Do  the  cars  have 
to  he  pushed  t<>  start  them,  or  do  they  start  themselves?  Do  the 
ears  have  to  lie  gently  pushed  to  the  cage  or  the  rope,  or  must  they 
he  held  back  and  to  what  extent?  In  the  case  of  the  cars  on  the  tip- 
ple, note  how  slowly  or  how  fast  they  run  al<  >ng  the  empty  track  alter 
leaving  the  dump. 

I  laving  watched  a  considerable  number  of  cars  in  this  service, 
an  idea  may  be  formed,  within  a  few  pounds,  ^\  the  average  fric- 
tional  resistance,  when  it  is  known  that  the  effect  oi  each  one  per- 
cent of  grade  is  equivalent  to  a  force  of  20  pounds  per  ton  ot  _•  000 
1  "Hinds.  In  other  words,  if  the  grade  is  1.5  percent  1  equivalent  to 
30  pounds  per  ton  )  and  the  cars,  after  heing  gently  started,  complete 
the  trip,  the  resistance  due  to  friction  is.  a  little  les^  than  the  Eorce 
exerted  by  the  grade,  or  about  28  pounds.  If.  when  the  sprags  are 
withdrawn,  or  the  brakes  released,  the  cars  stain  themselves,  the 
frictional  resistance  will  range  from  20  to  25  pounds  per  ton,  a  good 
deal  depending  on  how  fast  each  car  runs  in  the  distance  available. 
On  the  other  hand,  if  the  cars  have  to  he  pushed  to  the  cage  or  rope, 
the  resistance  must  he  more  than  the  force  exerted  by  the  grade,  and 
will  run  from  35  to  40  pounds  per  ton,  or  more,  depending  on  the 
force  required  to  push  them. 

There  are  several  objections  to  this  method  of  procuring  the 
frictional  resistance  of  the  cars  in  mines  entered  by  shaft  or  slope, 
<>ne  heing  that  it  is  applicable  to  loaded  cars  only,  whose  resistance 
per  ton  js  generally  less  than  that  of  empty  cars,  while  it  is  the  re- 
sistance of  the  empty  cars  that  is  desired;  another,  that  it  cannot  he 
applied  successfully  if  the  mine  is  idle. 

By  Measurement  of  Minimum  Coasting  Crude-  A  method 
that  may  he  followed  in  any  mine  in  which  the  track  has  keen  laid 
and  the  cars  purchased,  is  to  obtain  an  empty  car  and  push  it  along 
the  entry  or  tipple  until  a  stretch  of  straight  track  is  found  where  it 
will  just  slowly  coast  a  few  yards  after  having  been  gently  started. 
Then  secure  the  grade  on  this  stretch  of  track  by  Using  a  straight 
edge  and  level,  or  long  level  such  as  is  used  by  the  mine  carpenter, 
or  by  the  method  of  using  a  tape,  referred  to  above.  After  testing  sev- 
eral cars,  estimate  the  resistance  of  each  by  using  20  pounds  per  ton 


*See   "A   Convenient   Method  of    Determining  Grades,"  in   the  Journal 
for  June,  1911,  p.  569. 
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of  2  ooo  pounds  for  each  percent  of  grade.  For  instance,  if  a  five 
foot  straight  edge,  placed  along  the  top  of  one  rail,  has  to  be  raised 
inch  at  one  end  to  make  it  level,  the  grade  is  }i  inch  in  five  feet, 
or  15  inches  in  100  feet,  or  1%  percent.  The  resistance  of  the  cars, 
due  to  friction,  therefore,  is  about  24  pounds  per  ton.  It  should  be 
remembered  that  the  weight  of  the  car  does  not  enter  into  the  calcu- 
lation, but  simply  the  percentage  of  grade. 

Using  Dynamometer  or  Spring  Balance — If  a  dynamometer 
or  a  small  spring  balance,  with  a  capacity  of  about  100  pounds, 
is  at  hand,  the  resistance  may  be  obtained  by  slowly  and  steadily  pul- 
ling several  empty  cars,  one  at  a  time,  against  a  grade  of,  say,  one 
percent  occurring  on  a  stretch  of  straight  track.  It  is  best  to  haul 
the  cars  against  a  grade  so  that  the  resistance  due  to  grade  will  re- 
quire a  constant  pull  and  permit  an  accurate  reading  of  the  scale  to 
be  made.  When  the  record  has  been  taken,  simply  deduct  from  the 
total  the  resistance  due  to  grade,  and  the  remainder  may  be  charged 
to  friction. 

Auxiliary  Track  Method— If  the  mine  is  idle,  and  a  test  cannot 
be  made  on  the  regular  track,  a  close  estimate  of  the  resistance  may 
be  secured  by  laying  a  track,  one  rail  in  length,  by  spiking  two  rails 
on  top  of  two  long  timbers  which  in  turn  are  supported  on  several 
cross  sills,  the  two  end  ones  being  about  15  feet  apart.  Then  place 
an  empty  car  on  this  improvised  track,  and  having  carefully  leveled 
it,  raise  one  end  until  the  car  will  just  slowly  coast  after  being  gently 
started.  The  grade  required  to  accomplish  this  can  then  be  meas- 
ured and  thus  the  frictional  resistance  determined.  It  is,  of  course, 
an  advantage  to  secure  the  test  of  the  mine  cars  under  actual  work- 
ing conditions,  but  at  times  this  cannot  be  done.  The  weight  of  the 
empty  cars  should  also  be  obtained  as  correctly  as  possible,  as  well 
as  a  record  of  the  loads  in  several  cars ;  both  figures  are  usually  kept 
on  file  in  the  office  or  the  scale  house. 

IMPORTANCE  OF  DEFINITE   FIGURES 

To  further  illustrate  the  value  of  this  information,  some  exam- 
ples are  given  to  show  the  difference  a  few  pounds  of  resistance  per 
ton  due  to  friction  will  make  in  the  size  and  capacity  of  a  locomotive, 
when  the  grades  are  against,  and  also  in  favor  of  the  load,  the  fig- 
ures being  taken  from  mine  records. 

Weight  of  empty  cars 2  400  pounds  each 

Weight  of  load  in  cars   8000  pounds  each 

Case  1:     Grade  against  the  loads...         3  percent  for  2000  feet 
Case  2:    Grade  with   the  loads 3  percent  for  2000  feet 
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The  frictional  resistance  of  the  cars  was  not  specified  by  the 
mining  company  which  had  ordered  the  locomotive,  and  it  was,  there- 
fore, assumed  to  be  30  pounds  per  ton.  The  correct  resistance  was 
found  to  be  20  pounds  per  ton. 

Case  1 — At  20  pounds  frictional  resistance  per  ton,  hauling  15 
loads  against  the  three  percent  grade  with  a  14  ton  locomotive,  re- 
quires a  drawbar  pull  of  6  240  pounds  and  a  tractive  effort  of  7  360 
pounds.  To  take  care  of  this  load,  at  250  volts,  would  call  for  470 
amperes.  To  haul  the  same  load  up  the  grade  with  a  frictional  re- 
sistance of  30  pounds  per  ton,  the  drawbar  pull  would  be  7  020 
pounds,  and  the  tractive  effort,  with  a  16  ton  locomotive,  8  300 
pounds.  To  take  care  of  this  load  would  require  520  amperes  at  250 
volts,  or  50  amperes  more  than  called  for  by  the  actual  conditions, 
and  enough  to  operate  continuously  a  32  horse-power  motor. 

Case  2 — If  the  14  ton  locomotive  was  to  be  used  to  control  a 
maximum  trip  of  loaded  cars  down  the  three-percent  grade,  an  esti- 
mate would  place  the  number  at  40,  assuming  the  frictional  re- 
sistance at  30  pounds  per  ton,  but  with  the  frictional  resistance  in 
reality  20  pounds  per  ton,  the  maximum  load  would  be  only  31  cars. 

These  figures  prove  that  an  error  amounting  to  ten  pounds  per 
ton  in  the  resistance,  due  to  friction,  calls  for  an  increase  of  two  tons 
in  the  weight  of  the  locomotive,  when  the  loads  are  to  be  hauled  up 
grade,  and  reduces  by  nine  cars  or  46.8  tons,  the  weight  of  the  max- 
imum allowable  trip  which  should  be  controlled  coming  down  grade. 

In  the  first  case  the  mine  owner  would  have  been  called  upon  to 
purchase  a  locomotive  two  tons  heavier  than  required  for  his  service, 
and  in  the  second  case  an  accident  might  occur  if  a  load  46.8  tons 
above  rating  were  handled  down  grade  if,  for  instance,  some  ob- 
struction were  seen  on  the  track  demanding  a  stop. 

That  the  frictional  resistance  of  up-to-date  heavy  mine  cars  is 
an  uncertain  quantity  is  proven  by  records  which  have  been  obtained 
within  the  past  few  months,  there  being  a  variation  of  2^  pounds  per 
ton,  or  from  17  to  40  pounds  in  tests  made  at  twelve  properties  in  the 
state  of  Pennsylvania.  To  those  interested  in  mine  work,  these  rec- 
ords should  prove  the  importance  of  securing  all  details  on  the 
ground  when  electric  haulage  is  planned,  and  will  serve  to  show  how 
the  cost  per  ton  for  haulage  may  be  kept  down,  or  the  output  in- 
creased, if  good  cars  and  good  track  are  maintained. 
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IN  the  two  previous  articles  on  this  subjecl  commutation  lias  been 
dealt  with  to  some  extent.  In  the  firsl  article,  ii  was  pointeq1 
out  that  commutation  can  be  made  satisfactory  by  keeping 
the  magnetic  flux  per  pole  in  the  motor  at  a  sufficiently  low  value. 
In  the  second  article,  it  was  shown  that  arcing  at  the  commutator 
can  be  reduced  by  putting  a  "preventive"  resistance  lead  in  series 
with  the  short-circuited  armature  coils.  As  a  third  means  for 
improving  the  commutation,  the  use  of  commutating  poles  for  the 
purpose  of  inducing  a  voltage  equal  and  opposite  to  the  short- 
circuit  voltage  suggests  itself.  It'  such  a  voltage  could  be  induced 
by  commutating  poles,  it  would  mean  that  the  resultant  voltage 
in  the  armature  coils  which  arc  under  commutation  would  be  zero, 
and  this  of  course  would  be  an  effective  means  for  preventing  any 
irking  whatsoever.  Before  considering  the  possibilities  of  in- 
ducing such  a  voltage,  it  seems  advisable  to  recapitulate  briefly 
the  commutation  phenomena  and  to  investigate  the  question  of 
the  magnitude  and  phase  relation  of  the  voltage  to  be  induced  by 
the  commutating  pole  to  give  the  desired  results. 

As  previously  pointed  out,  the  fluctuating  nature  of  the  main 
field  flux  induce^  a  voltage  in  the  coils  during  commutation.  Like 
any  voltage  induced  by  fluctuations  of  tield  flux  (transformer 
action  i  this  voltage  lags  90  degrees  vectorially  behind  the  flux, 
and  will  have  to  be  considered  in  this  relation  in  all  the  diagrams 
here  shown.  It  has  also  been  pointed  out  thai  the  armature  cur- 
set  up  a  cross  flux  in  the  armature,  and  that  if  this  cross 
flux  is  allowed  to  exist,  an  electromotive  force  will  be  induced  in 
the  coils  under  commutation  on  accounl  of  the  fact  that  these 
coils  cut  the  cross  flux  as  they  rotate.  The  greater  part  of  this 
eliminated  in  an  alternating-current  motor  which  is 
provided  with  an  auxiliary  winding.  Since  there  is,  however,  a 
certain  space  between  the  armature  coils  and  the  auxiliary  winding, 
it   if  ble  for  some  lines  of  the  cross  flux,  which  may  be  termed 

the  leakage  flux,  to  find  a  path  through  this  space,  as  indicated  in 
Fig.  1.      \-  will  b<  from  this  figure,  these  fluxes  pass  partly 

across  the  armature  slots  from  one  tooth  to  the  other.  This  part 
of  the  leakage  is  usually  called  the  slot  leakage.  (  >ther  lines  of 
force  may  pass   from   the  top   of  one   armature   tooth    to  the   pole 
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face,  ;m<l  hack  to  the  top  of  the  next  armature  tooth.  This  part 
of  the  leakage  flux  is  usually  termed  the  "zig-zag"  leakage  flux. 
Other  leakage  lines  of  similar  effect  can  form  at  the  end  connec- 
tions of  the  armature  coils  outside  of  the  iron  core.  All  of  these 
lines  are  interlinked  with  the  armature  coils  only,  and  therefore 
they  cannot  be  compensated  for  by  the  auxiliary  winding,  which 
has  keen  assumed  to  be  of  the  same  strength  as  the  armature  wind- 
ing. It  should  moreover  be  realized  that  all  of  these  lines  are 
stationary  in  space,  due  to  the  fact  that  the  space  distribution  of 
current   in  the  armature  does   not  Change  with  the  rotation  of  the 


Fig.   i 

Diagramatic  sketch  of  single-phase  motor  showing  the 
cross  magnetic  flux  of  the  armature  which  is  not  com- 
pensated  for   by   the   compensating  winding. 

armature.  Therefore,  it  may  be  considered  that  the  armature 
conductors  cut  these  leakage  lines  and.  as  a  consequence,  that  an 
e.m.f.  is  induced  in  the  conductors  under  commutation.  In  the 
case  of  any  e.m.f.  induced  by  conductors  cutting  a  flux,  the  e.m.f. 
is  in  phase  with  the  rlnv  Since  this  cross  flux  is  nearly  in  phase 
with  the  armature  currents,  this  e.m.f.  will  therefore  be  in  phase 
with  the  main  motor  current,  and  will  lie  taken  into  account  in 
this  way  in  the  diagrams  which  are  to  he  derived  in  connnection 
with  the  discussion  to  follow. 
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Referring  to  Fig.  2,  the  vector  /'.  represents  the  voltage  im- 
pressed  upon  the  motor.  The  working  current  of  the  motor  / 
lags  tain  angle  *  behind  the  impressed  voltage  of  the  motor. 

As  previously  pointed 
<>ut,  tlic  voltage  in- 
duced by  the  cross 
leakage  field  in  the 
coils  under  commuta- 
tion is  approximately 
in  phase  with  the 
working  currents,  and 
will  hereafter  be  re- 
ferred to  as  the  reac 
tance  voltage.  This 
voltage  may  be  rep- 
resented by  the  vec- 
tor Er,  Fig.  2.  If  it 
be  further  assumed 
that  the  main  field  is 
in  phase  with  the 
working  current  of 
the  motor,  which  is 
nearly  correct  under 
the  assumption  that 
the  short-circuit  cur- 
rents in  the  commu- 
tating  coil  are  elimi- 
nated by  the  action  of 
the  commutating  pole, 
we  must  represent 
the  voltage  induced 
by  the  fluctuations  of 
the  main  field  by  a 
vector  which  is  90  de- 
grees behind  the  cur- 
rent. This  voltage  will 
hereafter  be  called 
the  "pulsating"  volt- 
By  combining  the  vec- 


7,  8,  9,  10  and    1 1 
Vector  diagrams   showing  the   commuta- 
•ltages   in   the   short-circuited  arma- 
of  a    single-phase    series    motor 
shunt-connected  commutating  poles 


age  and  is  represented  by  the  vector  Ep 

tors  Ep  and   Er,   we  obtain   the   total   voltage   Et   induced   in   the 

short-circuited  coils  when  no  commutating  poles  a--e  provided.     It 
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is  therefore  evident  that  in  order  to  make  the  resultant  voltage 
zero  the  commutating  poles  would  have  to  induce  a  voltage  Ei  in 
the  coil  under  commutation  equal  and  opposite  to  the  voltage  Et. 

The  question  now  arises  as  to  how  it  is  possible  to  induce  a 
flux  in  the  commutating  poles  which  will  give  the  desired  voltage 
Ex.  Let  it  first  be  assumed  that  the  commutating  pole  is  excited 
by  the  working  current  of  the  motor,  as  is  customary  in  series 
direct-current  machines.  This  would  mean  that  the  commutating 
pole  send  a  flux  through  the  armature  which  is  in  phase  with  the 
armature  current,  but  opposite  to  the  leakage  fluxes.  It  would  there- 
fore be  possible  to  induce  a  voltage  in  the  coils  undergoing  com- 
mutation which  is  opposite  to  the  voltage  Er.  It  will  readily  be 
seen  by  reference  to  Fig.  3  that  the  best  possible  effect  of  a  volt- 
age of  such  phase  would  be  to  compensate  and  to  eliminate  the 
effect  of  the  reactance  voltage  Er.  This  means  that  the  total 
short-circuit  voltage  Et  could  be  reduced  to  the  voltage  Ep.  It 
would  be  utterly  impossible  to  compensate  for  this  remaining  part 
of  the  short-circuit  voltage,  as  Er  and  the  counter-voltage  Ex, 
Fig.  3,  corresponding  to  it,  are  at  right  angles  to  Ep.  Since  the 
proportions  assumed  for  the  vectors  are  such  as  are  frequently 
found  in  practice,  it  will  be  seen  that  a  commutating  pole  with  a 
series  winding  would  do  very  little  good  in  reducing  the  total  volt- 
age in  the  coil  under  commutation.  In  the  present  example  the 
reduction  is  only  about  five  percent. 

A  second  possible  way  of  connecting  the  commutating  pole 
would  be  in  shunt  relation  to  the  motor.  In  this  case,  the  flux 
in  the  commutating  pole  would  be  about  90  degrees  behind  the  im- 
pressed voltage  E.  This  flux  is  represented  by  the  vector  Fi, 
Fig.  4.  By  reversing  the  currents  of  the  commutating  pole,  this 
flux  may  be  arranged  to  have  the  direction  —  Fi.  This  flux  —  Ft 
will  now  induce  a  voltage  in  the  coils  undergoing  commutation 
(due  to  the  rotation  of  the  armature)  which  is  in  phase  with  this 
flux,  and  which  may  be  represented  by  the  vector  Ei,  Fig.  4.  By 
providing  for  the  proper  value  of  current  in  the  commutating 
pole  winding,  such  conditions  as  are  shown  in  the  proportions  of 
the  vectors  in  Fig.  4  are  obtained.  It  will  be  seen  that  the  re- 
sultant of  the  voltages  Et  and  Ei,  that  is,  the  remaining  sparking 
voltage  Es  is  very  small,  in  fact,  only  about  twelve  percent  of  the 
original  voltage  Et.  There  is  no  doubt  that  a  motor  can  be 
operated  almost  sparklessly  with  such  a  small  resultant  voltage, 
and   therefore   the   motor   performance   will    be    very    satisfactory 
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under  these   operating   conditions,   even   without    preventive   resis- 

Pile  question   arises,   however,   as   to   whether   the  conditions 

remain   .1-    favorable   when   the   load   ><i   the   motor  changes. 

Tl  stion  will  be  investigated   1>\  a  number  of  diagrams  which 

in  principle  are  exact!)    the  same  as  thai   of   Fig.  4,  excepl   thai 

such  changes  will  be  made  as  are   found  to  exisl   when  the  load 

litions  arc  altered. 

Lei    it  be  assumed   firsl    thai   the  motor  currenl    remains   the 

me,  bul  that  the  motor  is  operated  at  lower  voltage,  and  running 

ut  one-half  the  speed.     Fig.   5  shows  the  conditions  which 

would  then  exist.      Since  the  current   is  the  same  as   in    Fig.  4,   the 

flux  and  the  pulsating  voltage  Ep  induced  l>y  it   will  be  the  same 

in  Fig.  4.  as  the  frequency  of  course  remains  unchanged.     The 

nee  voltage   Er  is  proportional   to  the   speed   of   the  motor, 

and  therefore  one-half  its  former  value.      The  same  applies  to  the 

voll   g       i  induced  by  the  commutating  pole,  if  it  be  assumed  that 

voltage  is  impressed  on  the  commutating  pole  winding,  inde- 

]  endently  of  the  reduction  in  motor  voltage  considered  in  the  present 

It  is  found  that  in  this  case  the  resultant  voltage  Es  i-  as  large 

;,}  percent  of  the  voltage  El  under  the  conditions  assumed.     In 

"ther  the  effect  of  the  commutating  pole  is  n<>t  nearly  ;h  hen 

In  fact,  the  commutating  pole  will  have  practically 

ever  in  the  extreme  case  of  reduced  motor  speed  as 

starting.    Thi  is  represented  in  l-'i^r.  6.     Since  the  armature 

/er<>  in  this  case,  the  voltages   Er  and   Es  arc'  both   zero 

while  the  p  remains  the  same  as  in   Fig.  4  and  is  at  the 

time,  the  total   resultant   and   sparking   voltage   Es. 

idering  now  the  other  extreme,  thai  is,  the  case  in  which 

the  mi  running  at  a  much  higher  -peed  than  thai   assumed 

y.  at  about  twin-  that   speed;  in  this  case,  since  the 

•id  the  main  flux  have  been  assumed  t<>  !»<•  the  same,  tin' 

p   remain-   the   -an,  in    the   previous    case,    while   tie 

and   Hi.    which    are    both    proportional    to    the    speed. 

It   will   I  that   in  thi-  which   is  illustrated 

ally  in   Fig.  7.  the  resultanl   sparking  voltage  is  again  very 

it  <>f  ;  Itage  /-./.     It   follow-,  therefore, 

that  while  tl  erne  of  using  shunt-connected  commutating  poles 

for  •  ■■  ;'a\ orable  effei  t  de<  1 

when  the  either  decri  or  increased. 

The  condition-  arc  ted   by  any  changes   in   the  cur 

rent.     Tl  of  twice  the  current  i-  represented  by  Fig.  8.     If 
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it  be  assumed  that  the  effecl  of  the  saturation  is  negligible,  twice 

the  current  will  mean  twice  as  -iron-  a  main  field,  and  a  doubling 
of  tin.'  voltage  Ep.  Since  the  flux  in  the  commutating  pole  re- 
main- unchanged,  the  voltages  Er  ami  Ei  will  remain  un 
changed,  if  it  be  assumed  further  that  tin-  armature  speed  remains 
the  same.  The  resultant  sparking  voltage  in  this  case  is  aboul 
55  percent  of  the  voltage  /•./.     Fig.  <t  represents  the  oppositi   case 

><i    Fig.  8,    that    is.   where  the  current    is   assumed   to  he  one-half   as 

large  a-  in  Fig.  4.  In  this  case  the  voltage  Ep  i-  reduced  to  hall 
the  value  shown  in  Fig.  4,  while  Er  and  Ei  are  unchanged.  The 
resultant  sparking  voltage  Es  is  in  this  case  i<>_>  percenl  of  the 
voltage  /:/.■  this  means  that  the  operation  is  even  slightly  worse 
than  it  would  he  without  commutating  poles.  It  is  evident,  then, 
that  changes  in  load  current  in  the  motor  from  a  given  value,  such 
as  assumed  in  Fig.  4,  either  up  or  down,  will  decrease  the  tavor- 
able  effect   of   the  commutating  pole. 

It  will  also  he  of  interest  to  show  the  effect  of  varying 
the  power-factor  of  the  motor.  The  same  conditions  as  in 
Fig.  .]  are  assumed  for  the  case  of  Fig.  i<>.  with  the  ex- 
ception that  the  power-factor  has  been  assumed  to  he  low- 
er. It  will  he  seen  that  this  has  a  favorable  influence  on  the 
sparking  voltage,  insofar  as  it  happens  that,  in  this  case,  the  re- 
sultant voltage  Es  is  zero,  which  is  of  course  the  best  possible 
condition.  It  is  evident  that  a  further  decrease  of  power-factor 
would  change  this  favorable  condition,  as  it  would  lead  to  a  re- 
sultant voltage  in  the  opposite  direction,  as  shown  in  Fig.  4. 
Fig.  1  1  shows  a  diagram  assuming  the  same  conditions  as  in  Fig.  4, 
except  with  a  better  power-factor.  It  will  he  seen  that  this  means 
an  increased  sparking  voltage  Es  which  is  in  this  case  about  24 
percent    of   the    voltage    Et. 

COMMUTATION     UNDER     PRACTICAL    OPERATING    Conditions 

When  a  compensated  motor  of  the  series  commutator  type 
with  slmnt-connected  commutating  poles  is  run  under  practical 
operating  conditions,  current,  speed  and  power-factor  chat 
whenever  the  load  condition  changes,  and  all  of  the  changes  arc- 
to  he  taken  into  account  in  plotting  the  above  diagrams.  In  the 
following  a  number  of  practical  cases  are  worked  out  with  dia- 
grams in  the  same  manner  as  that  outlined  above  in  connection 
with  Figs.  2  to  it.  inclusive,  except  that  changes  of  current,  speed, 
and  power-factor  are  all  taken  into  account  at  the  same  time  in 
drawing   the    vector    diagrams    corresponding    to    the    various    load 
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nditions  considered.     Both  the  polar  and  rectangular  systems  of 

rdinates  are  used  because,  in  these  cases,  the  polar  curve  shows 

by  its  direction  of  curvature    in  which  direction  further  correc- 

QS  should  be  made,   in  order  to  approach   more  nearly  the  ideal 

iting      mdition  expressed  bj   a  straighl  line),  while  the 

gives  a   clearer  conception   of   the   actual   corn, 

tive  effect  of  the  commutating  poles  as  compared  with  non-com- 
mutating  pole  mot  >rs. 

The   resultant  vectors   for  the  sparking  voltage  are  shown   in 
a  number  of  load  points  under  the  assumption  that 
the  m  ls  well  as  the  commutating  pole,  is  connected  to  a  con- 

ge while  the  load  changes.     The  values  of  the  resultant 
;rking    voltage    are    also    shown    in    rectangular    coordinates    in 
Fig.    [3.       This  curve  also  shows  the   resultant  sparking  voltage 
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r  and  rectangular  representation  of  the  resultant  commutating  volt- 
age of  a  sin;:  ries  motor  with   shunt-connected   commutating 
M                      e  constant;   load  and  speed  varied. 

which  would  exi-t  it  there  were  no  commutating  pole.  It  will  he 
seen  that  the  commutating  pole  1-  beneficial  over  a  large  range  of 
load  conditions.  It  improves  the  commutation  for  all  loads  above 
475  amperes.  Under  the  assumption  that  the  motor  is  built  with- 
out resistance  leads,  it  will  operate  very  satisfactorily  for  load 
current^  between  540  amperes  and  1  050  amperes,  since,  when  the 
resultant  voltage  is  no  more  than  about  two  volts  between  commu- 
tator segments,  quite  satisfactory  commutation  is  usually  obtained. 
The  operation  of  the  motor  will  be  fair  between  load  currents  of 
1  amperes  and  1  280  amperes,  while  for  load  conditions  outside 
of  this  range  the  commutation  will  be  rather  unsatisfactory.  The 
motor  will,  of  course,  operate  with  a  resultant  sparking  voltage 
larger  than  three  volts,  and  momentary  loads  outside  of  the  range 
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given  above  may  be  permitted  without  danger  to  the  motor;  but 
the  operation  of  the  motor  for  these  load  conditions  would  not  be 
advisable  for  any  length  of  time. 

Instead  of  operating  the  motor  on  a  constant  voltage,  it  is 
frequently  desirable  in  practice  to  vary  the  motor  voltage  in  order 
to  get  either  variable  speed  with  constant  load  torque,  or  to  get 
constant  speed  with  the  varying  load.  If  this  is  done,  the  corn- 
mutating  pole  can  be  connected  in  two  different  ways.  It  can 
either  be  connected  to  constant  voltage,  while  the  motor  voltage  is 
changing,  as  shown  in  Fig.  14,  or  it  can  be  connected  in  parallel 
with  the  motor,  that  is.  in  such  a  manner  that  its  voltage  changes 
with  the  motor  voltage,  as  shown   in   Fig.    15. 

Resultant  vectors  for  sparking  voltage  are  shown  in  Fig.  t6 
under  the  assumption  that  the  motor  is  connected  as  in  Fig.  14  and 
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ig.   14  ric.  15 

Connections  of   single-phase   series   motor   with  shunt-connected 

commutating  poles. 
Fig.   14 — Constant  voltage  applied  to  commutating  pole 
Fig.  15 — Commutating  pole  voltage  varies  with  motor  voltage 

that  the  load  torque  is  constant,  while  the  speed  is  varied.  Fig.  17 
shows  the  resultant  sparking  voltages  for  this  case  in  rectangular 
coordinates.  It  also  shows  again  the  sparking  voltages  which  would 
exist  without  the  action  of  the  commutating  pole.  Also,  in  this  case, 
the  commutating  poles  are  very  beneficial  for  a  large  range  of  speed. 
It  will  be  seen  from  the  figure,  that  the  motor  will  operate  well 
for  speeds  between  440  r.p.m.  and  980  r.p.m.,  and  it  will  operate 
fairly  well  at  speeds  between  300  r.p.m.  and  1  125  r.p.m.  Figs.  18 
and  19  show  the  results  obtained  for  the  same  load  conditions 
but  with  the  motor  connected  as  in  Fig.  15.  It  will  be  seen  that 
good  operation  can  be  obtained  in  this  case  for  speeds  between 
525  r.p.m.  and  925  r.p.m.  and  fair  operation  will  be  obtained  for 
speeds  between  350  r.p.m.  and  1  000  r.p.m.     Comparison  between 
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auA   i<>  shows  that  under  the  assumed  1 « >;i«  1  condition  <>i 

tad  and  variable  speed,  the  connections  oi    Fig.    14  are 

irable  than  those  •  if  Fig.   1 5. 

Resultant   vectors   for  sparking   voltage  are  shown  in   Fig.  20 

under  the  assumption  that  the  motor  is  connected  as  in    Fig.    14. 

and  under  the  assumption   that    it    1-  to  be  operated  at   constanl 

while  tlit-  load  torque  changes.     Fig.  _'i   shows  the  resultant 
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nmutating   volt 
■    ■  mmutating 

bj    regulating    the   motor 

for  this  tangular  coordinates;  the  re- 

-u'  umption  of  no  commutating 

mmutation  will  be  obtained  in  this  1 
and  1  i_'o  amp  hile  the  motor  will 

militate   fairly  well    for  load  240  and    1  joo  ampen 

1  23  show  the  results  obtained  for  the  same  load  condi- 
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dons,  but  with  the  motor  connected  as  per  Fig.  15.  [n  this  case,  good 
commutation  will  be  obtained  over  the  entire  range  of  load  condi- 
tions shown  "ii  the  curve.  It  follows  therefore  that,  for  the  case  oi 
constant  speed  with  variable  load,  connection  as  in  Fig.  15*  's  scr.v 
advantageous. 

It  will  be  seen  that  the  advisability  of  using  commutating 
poles  connected  in  shunt  without  using  resistance  leads  in  the 
armature  depends  entirel)    upon  the  load  conditions  of  the  motor 
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commutating   pole   voltage   varied    with    motor   voltage 
Polar  and   rectangular   representation  of  the  resulting  commutating 
voltage  of  a  single-phase  series  motor  with  shunt  connected  comnn 
ing  poles.      Speed  constant,   load  torque  varying. 

and  that,   while  under  certain  conditions   it   is  quite    feasible   and 

advisable  to  employ  commutating  poles  in  preference  to  resistance 

leads,  this   is   not  the  case   under  other  conditions  of  load.     The 

advisability  of  using  commutating  poles  with  or  without  resistance 

leads  in  the  armature   for   railway  work,   will   be  considered   in  a 

later  discussion  in  connection  with  the  description  of  some  other 

types  of  motors. 


SO.ME  INTERESTING  APPLICATIONS  OF  THE 

OSCILLOGRAPH 

H     H.  GAI  I  I  HER 

USES  for  the  oscillograph  have  multiplied  rapidly  during  the 
lasl  few  ;  Companies  which  formerly  considered  them- 

selves fortunate  in  having  one  oscillograph  now  make  use  oi 
three  or  four  in  connection  with  experimental  and  commercial  tesl 
g  work.  It  is  ii"\\  common  practice  to  make  records  showing  wave 
shapes,  currenl  and  voltage  values,  and  other  electrical  phenomena 
both  recurring  and  transient;  but  it  is  probable  that  comparatively 
few  realize  to  what  extent  the  oscillograph  is  being  used  to  facilitate 
the  development  of  new  apparatus.     Its  usefulness  to  the  designing 


I — TWl  OF    AN     OSCILLOGRAPH     RECORD     SHOWING 

THE    TWO    PRIMARY     CONTACTS     OF    A     POTENTIAL 
■.Y   UNDER   TJ 

rmal,  low  and  high  voltage  on  primary  relay, 
rid  opening  of  primary  relay  contacts  No,  -\ 
of  high   line    voltaj 

ling  of  primary  relay  contacts  No.  t, 

■ 

for  obtaining  design  data  may  be  illustrated  by  a  few  strik- 
ing examples,  in  which  without  i<  would  have  been  necessary 
very  long  cut-and-try  proc< 
F<-r  example,  assume  that  a  potential  regulator  with  automatic 

t*>  he  developed  such  that,  when  the  voltage  acros     tin- 
main  line,  to  which  it   i-  connected,  i-  changed,  such  change  will 
rate  a  primary  relay,  which  in  turn  will  operate  ondary  re- 

controlling  a  motor  used  to  operate  the  movable  element  of  the 
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regulator,  so  thai  it  will  add  to,  or  subtract  from  the  main  line  vol 
tage  b\  such  an  amounl  as  to  bring  this  voltage  back  to  a  predeter- 
mined fixed  value.  When  the  voltage  has  reached  its  proper  value 
after  the  regulator  has  corrected  for  the  original  change,  the  motor 
must  \k  stopped  very  quickly  to  prevent  the  regulator  from  carrying 
the  voltage  beyond  normal  in  the  opposite  direction,  a  condition 
which  requires  a  quick  action,  electrically  operated  brake.  The  com- 
plete cycle  of  operations  must  be  accomplished  in  a  minimum  incre- 
ment of  time  and,  as  the  relay  itself  takes  an  appreciable  time  to 
operate  after  a  change  in  voltage  has  occurred,  it  is  important  to  in- 


FlG.     2 — TWO     ADJACENT     SECTION'S     OF     AN     OSCILLOGRAPH      RECORD     SHOWING 
TIME    INCREMENTS    BETWEEN    OPERATION    OF    PRIMARY    RELAY    AND    STARTING 
\\"i>    STOPPING    OF    REGULATOR    MOTOR 
A   indicates  voltage  across  primary  contacts;   voltage  is  zero   when  con- 
tacts are  closed. 
B   indicates  rate  of  acceleration   and  braking    of   motor. 
C  indicates  current  in  brake  magnet  coil.     Brake   released   when   current 
is  flowing. 

vestigate  the  respective  steps  in  the  cycle.    The  oscillograph  is  ad- 
mirably adapted  for  measuring  such  increments  of  time. 

Oscillograms  taken  on  such  a  cycle  of  operation  are  shown  in 
Figs.  1  and  2.  In  order  to  simplify  the  test  for  timing  the  opera- 
tion of  the  primary  relay  contacts  with  changes  in  voltage,  the  cir- 
cuits were  so  arranged  that,  instead  of  main  line  voltage  being  ap- 
plied to  the  primary  relay,  as  in  the  ordinary  operation  of  the  regu- 
lator, an  auxiliary  voltage  was  applied,  and  two  sections  of  resist- 
ance, arranged  with  short-circuiting  switches,  were  connected 
in  series  in  this  circuit.   With  one  section  of  resistance  short-circuited 
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tlu  •  ived  a  voll  irresponding  to  normal ;  with  both  sec- 

short-circuited,  the  voltage  on  the  relaj  corresponded  to  a  two 
percent  increase;  while,  with  ;ill  resistance  in,  tlu-  voltage  received 
by  the  relay  corresponded  to  a  two  percent  decrease  ol  main  line 
.  the  relay  having  been  se1  to  operate  on  a  minimum  change 
two  percent  above  or  below  normal.     Such  a  relay  can  be  ad- 
justed for  larger  or  smaller  changes  in  voltage,  according  to  the 
uirements  of  the  service  for  which  the  regulator  is  to  be  installed. 
Records  C  and  B  of  Fig.  i  show  the  action  of  the  relay  contacts, 
5.   i  ami  j.  corresponding  to  "low"  voltage  and  "high"  voltage, 
tively.     The  relay  was  caused  to  operate  by  closing  and  open- 
ing the  resistance  short-circuiting  switches  by  hand.     Record  .  /  indi- 
te volt  g       .cross  the  resistance  which  thereby  indicates  the 
tiding  voltage  applied   to   the   primary    relay,   as   explained 
ve.     Zero  voltage  on   record  ./  of  course  means  that  the  resist- 
ance     was      short-circuited,     while 
zero  voltage  on    records   ("  and   B 
means   that    the   corresponding   re- 
la}-    contact^    were    closed.      As    00 
cycle    alternating   current    was   ap 
plied  simultaneously  across  the  re- 
lay    contact-    and     the    resistance, 
and  each  of  these  auxiliary  circuits 
was  c  ted  through  one  of  the 

three  elemeni  illograph,  the  basis  for  timing  the  opera- 

.ident.      'l"hc    time    scale   was   drawn    on    the    film   after 
it  had  been  ped,  as  a  matter  of  convenience  in  reading  the 

d->. 
•  the  extreme  left  of  li^r.  i,  record  A  indicates  a  condition  oi 
normal  voltage  <i.  e.,  one  resistance  -witch  closed),  and  hence,  relay 
•-  /  and  2  are  open.     At  the  point  0.0  on  the  time  line  the  rc- 
witch  i      pened,  corresponding  to  a  d<  e  in  line  voltage. 

In  ai>out  o.i'  after  this  decrease  the  primary  relay  closes,  as 

.\n  on  the  C  1.     At  the  end  of   1.02  seconds  the  main  line 

increased  to  its  former  (normal)  value  by  the  operator  run 
ning  the  test,  and  the  relay  open-  in  about  0.03  seconds.    At  the  end 
1.94  sc  'he  voltage  on  the  relay  is  increased  by  short-circuit- 

ing all  of  the  n  and  contact   No.  2  of  the  primary  relay, 

which  nds  to  high  main  line  voltage,  then  closi     in  a  time  in- 

crement of  about  o.  [i  second  »wn  on  record  li  of  Fig.  1. 
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RE- 
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The  time  increments  between  the  opening  and  closing  of  the 
primary  relay  and  the  starting  and  stopping  of  the  motor  which 
operates  the  regulator  arc  shown  in  Fig.  _\  The  motion  of  the  mo- 
tor is  recorded  by  means  of  a  make-and-break  device  arranged  and 
connected  a-*  shown  in  Fig.  3,  C  being  the  contact  maker  on  the  shaft 
of  the  motor,  .V  the  spring  contactor,  0  an  oscillograph  element,  and 
H  a  battery.  As  arranged,  the  contact  maker  makes  and  breaks  the 
battery  circuit  through  the  oscillograph  four  times  every  revolu- 
tion of  the  motor  shaft.  Record  c  of  Fig.  _\  shows  the  current  in 
the  electrically  operated  brake  which  holds  the  motor  locked  when 
tlie  primary  relay  i~>  open  and  unlocks  the  motor  when  the  relay  is 
closed.  This  record  shows  then,  that  there  is  a  time  increment  of  1 
than  u.l  seconds  between  the  closing  of  the  primary  delay  and  the 
Starting  of  the  motor.     It  also  indicates  that  the  motor  gets  up  to 


FlG.    4      OSCILLOGRAPH     RECORD    OF   TEST   OX     CYCLF.    OF    OPERATION     OF    CIRCUIT 

BREAKER     MECHAN  ISM 

Section    of    long   film   covering  several  cycles.     The  end  of  the  last 
cycle  n   at  the  left  of  the  record. 

speed  in  about  O.I  second,  and  that  after  the  relay  is  opened  it  take- 
a  little  less  than  one  revolution  to  stop  the  motor.  The  time  incre- 
ments shown  in  these  two  records  are  affected  more  by  the  mechan- 
ical features  of  the  apparatus  than  by  the  electrical  features;  thus 
it  is  that  the  oscillograph  comes  to  the  aid  of  the  mechanical  as  well 
as  the  electrical  designer. 

Again,  in  circuit  breaker  development,  the  oscillograph  can  be 
used  \ery  effectively.  Its  use  in  such  work  is  illustrated  in  the  oscil- 
logram of  Fig.  4.  While  circuit  breaker  oscillograms  are  probably 
more  common  than  others,  yet  because  of  the  short  increments  of 
time  indicated  in  connection  with  the  operation  of  this  particular 
circuit  breaker,  this  record  affords  an  especially  interesting  example 
of  the  point  in  view.  An  arrangement  of  circuits  for  timing  the 
operation  of  a  direct-current  circuit  breaker  by  mean-  of  oscillo- 
graph records  is  shown  in  Fig.  5.     When  the  film  was  first  exposed 
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itch  S"  of  Fig.  5  was  open  and  the  circuit  breaker  C,  under  test, 
I,  as  indicated  at  0  on  the  time  line,  Fig  4.    The  basis  for 
timing  was  obtained  by  applying  [33  cycle  alternating  current  i«>  one 
men!  of  the  oscillograph,  as  shown  in  this  figure.     In  aboul  0.003 
of  a  second  after  closing  switch  S  of   Fig.   5  the  circuil   breaker 
armature  began  to  move;  in  about  0.006  seconds  it  had  traveled 
full   length   and   tripped   the   circuit    breaker;    in  a  little   over 
5  -<    onds  the  circuit  breaker  started  to  open,  and  in  aboul  0.03 
mdi  it  had  completely  opened.     By  means  of  this  record  it  can 
be  determined  whether  the  first  0.006  second  is  consumed  mostly  by 
the  movements  of  the  mechanical  parts  of  the  breaker  or  by  the  mag 
tic  circuits  in  getting  these  mechanical  parts  in  motion.     In  the 
•  case  the  object  which  the"  engineer  had  in  view  was  a  quick 
breaker  to  operate  on  high  voltage  direct  current,  and  the  os- 
cillograph served  as  a  chronograph  to  give  both  the  total  time  of 
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The  133  cycle  timing  circuit   is   nol    shown. 

the  circuit  breaker  and  the  time  increments  of  the  dif- 
ferent motions  involved  in  its  complete  operation. 

The  oscillograph  of  Fig.  6  shows  the  operating  cycle  ol  a  motor- 
driven,  automati  ontrolled  planer  working  under  evere  condi- 
tions In  tin  •  rd  the  first  tv  rods  of  time  arc  consumed  in 
ng  th<  to  bring  the  table  from  a  return  to  a  for- 
I  he  forward  motion  continues  for  about  one  second 
before  the  cutting  tool  strikes  the  work,  and  at  this  point  the  voltage 
dp  'iiile  the  current  in  from  u  to  120  amperes. 
At  the  end  of  the  fifth  d  the  tool  een  to  have  completed  its 
cut.  whereupon  the  motor  runs  light  for  about  one  second,  when  il 

gain  returned  and   revi       d,  and  at 
11  :  gain  making  it-  full  cut.     In  this  film  the 

time  i-  recorded  by  opening  the  oscillograph  voltage  wave  on<  -   1 

»rt  interval  of  time.     B)   u  nig  a  long  film  a 
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record  of  several  successive  cycles  covering  a  period  of  perhaps  five 
minute-  can  be  obtained,  thus  giving  a  check  on  any  "m-  cycle.     In 

this      manner,      accurately 
corded   characteristics   of    -uch 
machines  can  be  obtained  and 
kept  mi  file  for  reference,  for 
such  an  oscillogram  will  inter- 

66  ,  .  .        .  . 

-  est  not  only  the  designing  en- 
gineer and  tin-  power  house 
y  operator,  hut  also  the  shop 
E  .  manager.  The  designing  digi- 
ts neer  is  of  course  especially 
:  'z  concerned  with  the  question  of 


:  o, 


S  ^  motor  current,  peaks,  etc.,  at 
%"o  various  steps  id  the  cycle  of 
y'Z  operation;  the  power  house 
h  fj  operator  is  interested  in  deter- 

'i~  mining      from       the      currenl 

-  x~ 

-  >  curves    the   average    power    re- 

c  ''■  quired    for  the  complete  cycle. 

S.H  as    well    as    the    nature   of    the 

r  >  load,  i.   e.,   whether  it   is   inter- 

fe  °  mittent,    with    heavy   peaks,   or 

_,-=  of  uniform  characteristics;  the 

-  M  shop  manager  in  turn  deter- 
«  J.  mines  by  an  examination  of 
g*o  the  record  whether  the  ma- 
g  g  chine  is  being  operated  at  its 
S'-g  highest  efficiency  by  reducing 
.7  f-  to  a  minimum  the  time  interval 

required  for  each  step  of  the 
cycle,  without  introducing  op- 
■Z  crating  difficulties  such  as 
might  result  if,  for  exam] 
the  tool  were  allowed  to  start 
on  a  cut  while  the  motor  was 
-till  drawing  a  heavy  starting 
current. 


-In  the  preliminary  stages  of  development  work  where  many 
servations  are  required  and  the  finer  degrees  of  precision  are  not 


THE  ELECTRIC  JOURNAL 


ik->  .  the  tracing  table  attachment  of  the  oscillograph  may  be 

g  .'tl  advantage.    A  g 1  example  of  such  work  is  found  in 

nncction  with  the  development  of  an  ignition  system  for  gas  engine 

rk      An  oscillograph  tracing  of  this  kind  is  shown  in  Fig.  7.    To 

tain  this  record  a  flexible  shafl  was  inserted  between  the  gas  en- 

e  drive  and  the  mechanism  which  was  driving  the  oscillating  mir 

ror  of  the  oscillograph  tracing  table.     In  this  way  pencil  drawings 

were  taken  of  the  primary  and  secondary  currents  in  the  spark  coil 

wn  in  Fig.  7.    The  current  curves  show  at  what  point  of  the 

primary  current  the  interrupter  opened  the  circuit,  and  also  give  time 
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increments.    An  arrangement  was  also  used  to  show  the  advance  in 

the  spark  as  the  speed  of  the  engine  increased.     A  complete  history 
ur  of  the  entire  ignition  system,  including  the  time- 
element  and  maximum  current  value-  of  the  spark  coil,  the  action  of 
the  interrupter,  and  the  automatic  spark  advancing  mechanism,  tO- 
ther  with  and  time  increments  is  given  by  this  record. 

Tl.  j  adily  taken  in  a  very  short  time  and  was,  in  fact, 

one  of  the  fr  ':     development  which  served  as  a  -tailing 

■    int  for  more  complete  design  work  on  the  apparatus  in  question. 
Th(  'lie  final  completed  apparatus   was   later  re- 

a  long  photograph  film. 


PHASING  OUT  POLYPHASE  CIRCUITS 

HAROLD  W.  BROWN  and  S.  S.  NEU 
[NTRODUi   rORY 

CERTAIN  conditions  arc-  necessary  in  order  to  connect  a 
synchronous  machine  in  parallel  with  a  system  already  in 
operation.  The  fundamental  condition  is  that  the  electro- 
motive forces  of  the  incoming  machine  and  of  the  system  to  which 
it  is  to  he  connected  shall  he  approximately  the  same  at  each  in- 
stant. This  means  that  the  two  frequencies  must  be  the  same ;  that 
the  voltages,  as  measured  by  a  voltmeter,  must  be  equal,  and  that  the 
two  voltages  must  be  in  phase.  In  polyphase  machines  it  is  neces- 
sary that  these  conditions  obtain  for  each  phase,  which  requires  that 
the  sequence  of  phases  be  the  same  in  both  machines.  If  an  attempt 
at  parallel  operation  is  made  under  any  other  conditions  there  will  be 
interchange  of  currents  between  the  machine  and  the  system,  which 
may  lead  to  disastrous  results. 

Alternating-current  machines  are  said  to  be  in  synchronism 
when  they  agree  in  the  particulars  stated,  and  the  operation  of 
adjusting  the  incoming  machine  to  the  system  is  termed  "synchron- 
izing." Various  synchronizing  devices  are  employed  for  deter- 
mining when  the  proper  conditions  for  parallel  operation  are 
obtained.  The  elementary  principle  employed  in  determining 
when  generators  are  at  the  same  frequency  and  in  phase  is  illus- 
trated by  Fig.  i,  in  which  A  and  B  represent  two  single-phase 
generators,  the  leads  of  which  are  connected  to  the  bus-bars  by 
switches  C,  and  two  series  of  incandescent  lamps  are  connected 
as  shown.  It  is  evident  that  as  the  electromotive  forces  change 
from  the  condition  of  phase  coincidence  to  that  of  phase  opposi- 
tion, the  flow  of  current  through  the  lamps  varies  from  a  minimum 
to  a  maximum.  When  the  electromotive  forces  of  the  two  ma- 
chines are  exactly  equal  and  in  phase,  the  current  through  the 
lamps  is  zero.  As  the  difference  in  phase  increases,  the  lamps  light 
up.  They  increase  to  a  maximum  brilliancy  when  corresponding 
phases  are  in  exact  opposition.  From  this  condition  the  lamps 
will  decrease  in  brilliancy  until  completely  dark,  indicating  that  the 
machines  are  again  approximately  in  phase.  The  rate  of  pulsation 
of  the  lamps  depends  upon  the  difference  in  frequency,  (i.e.,  upon 
the  relative  speeds)  of  the  machines.  By  adjusting  the  speed  of 
the  incoming  machine  the  pulsation  can  generally  be  reduced  to  as 
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low  a  rate  .1-  desired  before  throwing  the  switch  that  connects  the 
machine  in  parallel  with  the  system. 

When  the  voltage  is  too  high  for  any  of  the  synchronizing 
apparatus,  it  is  usual  to  place  voltage  transformers  between  the 
main  circuits  and  the  synchronizing  circuits,  to  reduce  the  voltage 
to  the  desired  amount.      The  elementary  diagram   then  takes  the 

1  shown  in   Fig.  2. 

In  the  case  of  polyphase  machinery,  the  connections  should 
made  to  the  switches  that  when  one  phase  i-  in  syn- 
chronism all  the  other  phases  are  also.  After  this  is  accom- 
shed  it  i-  obviously  unnecessary  to  synchronize  more  than 
one  ]■''  »<  To  obtain  this  correspondence  of  phases  it  is  neces- 
■  "phase  out-'  that  i-.  to  test  the  two  circuits  to  see  that 
when  one  pair  of  had-  of  one  circuit  is  in  phase  with  a  corres- 
ponding pair  of  the  other  circuit,  all  corresponding  leads  of  the 
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I — ELEMENTARY       CONNECTIONS       FlG.       2— ELEMENTARY       CONNECT* 
FOR       LOW-'.'  SINGL1     I  FOR       HIGH-VOLTAGE       SINGLE-PHASE 

SV-'  HRONIZING 

two  circu  in  phase  and  may  be  connected  together.     After 

the  circuits  are  phased  out,  it  is  necessary  only  to  synchronize  one 
phase  provided  the  main  connections  are  not  changed.  If  they 
are  subje  the  circuits  should  be  phased  out  whenever 

the  switches  connecting  them  are  to  be  closed. 

DIRECTIONS    FOR    PHASING    0U1 

ngle-Phase — It    i-    obviously    unnecessary    to    phase    oul    a 
single-phase  circuil  "here   is   only  one   pair  of   lead-    for  each 

circuit,  it  nply  necessary  to  bring  this  pair  in  phase,  that  is, 

to  synchronize. 

'-Phase — Four-Wire — First  determine  the  two  leads  of 
each  phase,  by  means  of  a  voltmeter  ;  the  leads  that  have  the  nor- 
mal voltage  of  the  circuit  between  them  are  leads  of  the  same 
phase.  Make  connections  as  shown  in  Fig.  3  if  voltage  transfor- 
mers are  used,  or  as  shown  in  Fig.  4  if  voltage  transformers  are 
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not  used.  If  transformers  are  not  used  the  total  voltage  of  the 
lamps  in  each  line  should  be  approximately  the  same  as  the  voltage 
of  the  circuit;  for  example,  for  440-voll  circuits,  two  220-volt  or 
four   [io-volt  lamps  are  required   in  each  line. 

The  connections  of  Fig.  3  may  be  modified  so  as  to  be  similar 
i.i  Fig.  yb  below,  which  pertains  to  three-phase  connections,  but 
for  two-phase  circuits  this  docs  not  reduce  the  number  of  neces- 
sary transformers.  The  connections  may  be  made  similar  to 
Fig.  7  (".  (but  with  two  short-circuiting  connections  instead  of  one) 
provided  the  transformers  will  stand  double  the  line  voltage  for  a 
short  time  and  the  two  phases  are  not  interconnected  on  both  sides 
of  the  switch.  In  making  this  connection  he  sure  that  tin-  two 
short-circuiting  connections  are  not  on  the  same  phase. 

The  connections  of  Fig.  4  may  he  modified  by  providing 
double  the  number  of  lamps  on  one  pole  of  each  phase,  omitting 
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connections  for  phasing  oct  two-phase — four-wire  circuits,  with 
and  without  use  of  transformers 

Fig.  3  may  be  modified  to  correspond  to   Fig.  j  ti  or  7 />. 

the  lamps  on  the  other  poles,  and  completing  the  circuit  hy  closing 
two  poles  of  the  switch,  or  connecting  wires  across  those  poles. 
This  connection  should  not  he  used  if  the  two  phases  are  inter- 
connected on  both  sides  of  the  switch,  hecause  a  short-circuit  be- 
tween phases  would  he  produced  when  the  two  circuits  are  not  in 
phase,  [f  there  is  a  ground  on  both  sides  of  the  switch  and  wires 
are  used  in  phasing  out  for  closing  two  poles  of  the  switch,  they 
should  he  heavy  enough  to  carry  the  ground  current. 

Run  the  incoming  machine  at  about  synchronous  speed  and 
normal  voltage.  If  the  lamps  do  not  all  become  bright  and  dark 
together,  interchange  the  main  leads  of  one  phase  on  one  side  of 
the  switch,  leaving  the  lamps  connected  to  the  same  switch  termi- 
nals, after  which  the  lamps  should  all  fluctuate  together,  indicating 
that  the  connections  are  correct.  The  machines  are  in  phase  when 
all  the  lamps  are  dark. 
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ise  -Three-Wire     First  determine  which  is  the  com- 

•i  wire  of  each  circuit,  by  means  of  a  voltmeter.     The  voltage 

between  the  common  wire  and  each  of  the  others  is  the  same,  and 

the  rated  voltage  of  the  circuit.     The  votage  between  the  other 

two  wins  i-   1.41   times  the  rated  voltage.     Make  connections  as 

shown  in  Fig.  5  if  voltage  transformers  arc  used,  or  as  shown  in 

g    <<  if  voltage  transformers  are  nol   used.       The  arrangement 

•  •*«.  «\„  , Common  W„. 
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.    OUT    TWO-PHASE— THREE-WIRE    CIRCUITS 

iwn  in  Fig.  ~  c  may  also  be  used  for  two-phase  three-wire  cir- 
cuit-, if  the  condil  re  as  mentioned  with  reference  to  that 
m.  [f  Fig.  6  is  used  the  total  voltage  of  the  lamps  in  cadi 
outside  line  should  be  double  the  voltage  of  the  circuits;  for  ex- 
ample, for  440-VOlt  circuit-,  four  220-volt  or  eight  1  10-volt  lamps 
are  required  in  each  outside  line.     The  two  lamps  in   parallel   in 
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the   middle   lin-  prevent   a   possible   short-circuil    through 

ground  :  the-  me  bright,  and  their  effect  on  the  brilliancy 

-   hardly   appreciabli  epl    where   there   is 

ne  no-volt  lamp  in  each  outside  line,  in  which  case  the  volt- 
age is  reduced  about  nt.  The  lamps  on  the  middle  line 
ma  mined  if  it  irable  to  connect  the  two  middle  lines 
directly           her. 
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Run  the  incoming  machine  at  about  synchronous  speed  and 

normal  voltage.  If  the  lamps  do  nol  all  become  brighl  and  dark 
together,  interchange  the  outside  main  leads  on  one  side  (if  the 
switch,  leaving  the  lamps  connected  to  the  same  switch  terminals, 
after  which  the  lamps  should  all  iluetuate  tooether,  indicating 
that  the  connections  are  correct.  The  machines  are  in  phase  when 
all   the  lamps  are  dark. 

Three-Phase — Make  connections  as  in  Figs.  ~a,b,  or  c,  (or 
Fig.  5)  if  voltage  transformers  are  used,  or.  as  in  Fig.  8  if  voltage 
transformers  are  not  used.  In  Fig.  8  the  total  voltage  of  the  lamps 
in  each  line  should  he  approximately  the  same  as  tin-  voltage  of  the 
circuits;  for  example,  for  440-Yolt  circuits,  two  220  volt  or  four 
110  volt  lamps  are  required  in  each  line.  The  connections  in 
Fig.  7/'  put  the  same  voltage  on  the  transformers  and  lamps  as 
Fig.  y  a.  It  is  not  suitable  for  a  permanent  connection,  hecause  it 
leaves  both  sides  of  the  switch  alive  when  one  side  is  connected  to 

— Q-[    a  source  of  power.     Its  advantage  is  that 

it  requires  only  three  instead  of  four  trans- 
formers. Fig.  7  c  is  similar  to  7  />,  hut  has 
only  two  transformers.  The  remaining 
tran  dormers  must  he  capable  of  standing 

double  the  line  voltage  for  a  short  time. 
Fig.  8 — conxectioxs  for  ,    ,  ti  ,11  •  , 

phasing    out    three-      anc*  *ne  voltage  on  the  lamps  is  correspond- 

phase  circuits  with-      inglv  high.     When  this  connection  is  used. 

OUT    TRANSFORMERS  .,'    ,'  .  .    ,  .  ,        .  .  , 

it  there  is  a  partial  ground  on  both  sides 
of  the  switch  the  connection  across  the  middle  phase  must  be 
heavy  enough  to  carry  the  ground  current. 

Run  the  incoming  machine  at  about  synchronous  speed.  If 
the  lamps  do  not  all  become  bright  and  dark  together,  interchange 
any  two  of  the  main  leads  on  one  side  of  the  switch,  leaving  the 
lamps  connected  to  the  same  switch  terminals,  after  which  the 
lamps  should  all  fluctuate  together,  indicating  that  the  connec- 
tions are  correct.  The  machines  are  in  phase  when  all  the  lamps 
are  dark. 

Six-Phase  Diametrical — As  this  connection  is  used  almost  ex- 
clusively for  rotary  converters,  the  voltage  of  which  is  low,  no 
transformers  are  shown  in  the  scheme  shown  in  Fig.  9.  The  total 
voltage  of  the  lamps  in  each  lamp  circuit  should  be  approximately 
double    the    diametrical    voltage    of    the    rotary    convert'  If 

it    is    desired    to    use    the    voltage    transformers,    their    primaries 
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should  be  capable  of  standing  double  the  diametrical  voltage  for  a 

time  and  should  be  connected  according  to   Fig.  9  between 

tch  terminals  5  and  ~\  3  and  6,  and  /  and  /.  respectively.     Con- 

•  a  ii"  volt  lamp  (or  220  voll  if  the  transformer  rated  primary 
voltage  is  much  less  than  double  the  diametrical  voltage)  in  the  sec- 
ondary of  each  trans  f<  irmer. 

Firsl  separate  the  six  transformer  leads  into  two  groups  having 
one  load  from  each  power  transformer  in  each  group.     It  necessary, 

•  by  ringing  "in  or  lighting  out,  and  mark  each  lead.  The  test 
should  show  that  all  the  leads  in  imo  group  are  insulated  from  each 
other.     It"  convenient,  see  that  all  three  leads  in  one  group  connect 

rorresponding  terminals  of  the  transformers.  Bui  this  is  not  es- 
sential, it'  it  cannot  he  determined  readily.     A  later  tesl  will  show 

whether  the  connections  are  right  or 

IK  >t. 

Connect  all  the  leads  in  one  group 
to  one  set  of  the  rotary  converter 
brush  terminals.  Xos.  /,  y  and  5.* 
Connect  the  leads  in  the  other  group 
to  the  upper  switch  studs  as  shown 
in     Fig.    <;.      Connect    the    other    three 

rotary  converter  terminals  to  the  low- 
er   -witch    studs    a-    shown.      Connect 
lamps   between    opposite    switch    ter- 
minal-.     I  1  -t  the  connections  by  lift- 
ing   all    the    alternating-current  brushes,   closing   the   switch,   ami 
ringing  out  or   lighting  out    the  circuits  between  rotary  converter 
terminals   /   and    /.  between   y  and  6  and  between  y  and  2.      (The 
should    indi  continuity  of   each   of  these  circuits).     I'm 

.n  brushes  and  open  switch.     With  the  rotary  converter  run- 
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rotai  for    both    diametrical    and 

9  and  to,  are  on  rhi    a    amption  thai 

rically  60  di  apart  in 

If   machir,  I   connections    to   the   rin  livalent 

means  of  a  voltmeter.     When  the  ma 
he   voltage  betv 

■it  of  the  direct-current  voltaj 
one  end  1  call  it  No.  1 ),  mi 
lire  her  brushes,  and  find  one  of  the  two 

>f   all   the  voltages  nv 
nd  what  other  lirn^li  gives  the  same  voll 
Call  th-  j  and  p  before.     A- 

a  check  from   Mo    6  to   No.   1   i-  the 

Use  numbers  of  brusln         rresponding  to 
the   numbering    in 
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ning  at  about  synchronous  speed  and    normal    voltage    the    lamps 
may  fluctuate  in  any  one  of  four  ways,  as  follows: — 

i— All  I. amp-  are  Bright  and  Dark  Together  No  change  in 
connections  is  necessary.  The  machine  is  in  phase  when  the  lamps 
arc  dark. 

_•  The  Fluctuations  of  the  Three  Lamp  Circuits  Follow  Each 
Other  at  Regular  Intervals  This  indicates  reversal  of  phase  rota 
tion.  Interchange  at  the  rotary  converter  terminals  the  leads 
connected  to  i  and  3  and  those  connected  to  /  and  6\  or,  if 
more  convenient,  interchange  any  two  primary  (three-phase) 
leads     to    the    transformers.      hi     either    ease,    condition     /    should 

then  obtain. 

3 — Two  Lamp  Circuits   Fluctuate  Together  and  the  Third  is 

Exactly  <  'pposite  in  its  Fluctua- 
tions This  indicates  reversal  of 
a  transformer  secondary.  In- 
terchange the  leads  of  the  trans- 
former connected  to  the  lamp 
circuit  that  differs  from  the 
other  two.  Condition  /  should 
then  obtain. 

4 — The  Three  Lamps  Be- 
come Bright  in  Rapid  Succes- 
sion Then  Pass  Through  an  In- 
terval in  Which  All  the  Lamps 
are  Dim — This  indicates  a  com- 
bination of  reversals  /  and  3. 
Interchange    the    leads     to    the 

Fig.  io-coxxectioxs  for  phasing  out  transformer  connected  to  the 
six-phase,  double  delta  circuits  lamp  circuit  that  fluctuates 
between  the  other  two.  Also  interchange  at  the  rotary  converter 
terminals  or  at  the  switch  terminals  the  leads  connected  to  /  and  5 
and  those  connected  to  terminals  7  and  6.  Condition  /  should  then 
obtain. 

If  the  lamps  act  in  any  other  manner  than  those  described,  there 
has  evidently  been  an  error  in  connecting.  The  connections  should 
be  traced  out  again  by  means  of  Fig.  9. 

Six-Phase — Double-Delta — As  with  the  -ix-phase  diametrical 
connection,  voltage  transformers  are  usually  unnecessary.  The  total 
voltage  of  the  lamps  in  each  line  should  be  approximately  equal  to 
the  voltage  of  either  delta  of  the  rotary  converter.     If  it  is  desired 
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voltage  transformers,  each  delta  should  have  transformers 
the  same  as  for  one  of  the  methods  for  three-phase,  as  in  Fig.  7, 
rhis  requires  a  total  of  four,  six,  or  eight  transformers. 
Fii>t  connect  the  power  transformer  secondaries  into  a  double- 
delta  connection,  as  per  Fig.  to.    Conned  the  leads  from  one  delta 
the  upper  studs  of  one  switch,  and  the  leads  from  the  other  delta 
the  upper  studs  of  the  other  switch.    Connecl  lower  leads  of  each 
switch  to  01      -     »up  <>i  rotary  converter  terminals,  one  to  Nos.   I,  5 
and  5,"   and  the  Other  to  Nos.  -\  ./  and  6.     Connect  lamps  between 
h  pair  >>i  switch  studs,  as  shown  in  Fig.  10.     Test  out  the  con- 
nection- by  lifting  all  the  alternating-current  brushes  and  ringing 
out.    The  test  should  -bow  that  /,  3  and  5  are  electrically  connected, 
and  2,  4  and  6  also,  but  that  /,  3  and  5  are  insulated  from  2,  4 
and  0.     With  the  rotary  converter  running  at  about  synchronous 
speed  and  normal  voltage  the  lamps  may  fluctuate  in  any  one  of 

three  ways. 

1 — All     Lamps     are     Bright 
and  Dark  Together — No  change 


6    6    6  6    6    6 

ABC  D     E    F 

000  9 


6    6    6 


D  e  f  in  connections  is  necessary. 

2— All  in  One  Delta  Fluctu- 
ate Together  and  Those  in  the 
Other  Delta  Follow  Each  Other 
Fie.  11  Fig.   12  at     Regular     Intervals — In     the 

met:  reversing  connections  to    delta  in  which  the  lamps  fluctu- 

obtain  proper  sequence  of  phases  ate  together,  the  fluctuations  oc- 
cur at  the  same  time  as  in  one  lamp  circuit  in  the  other  delta.  The 
main  !■  which  this  circuit  is  connected  are  correct.    The  main 

leads  to  which  the  other  two  circuits  are  connected  should  be  inter- 
changed at  one  side  of  the  switch  for  at  the  corresponding  rotary 
tier  terminals  1.     For  example,    if    the    lamps    connected    to 
B,   C,  and   D,    Fig.    11,   fluctuate  together  and   E  and  F  differ, 
lead-   /;   and   F  should  be   interchanged    as    shown.     Condition  1 
uld  then  exist. 

3 — All  in  Fach  Delta  Follow  Each  (  >ther  Regularly — It  will  be 

served  that  the  fluctuations  occur  in  pairs;  each  circuit  of  one 

delta  becomes  bright  with  a  corresponding  circuit  of  the  other  delta. 

>ct  any  two  circuit^   in  which   the  fluctuations  occur  together, 


*See  Foot  Note,  p.  442. 
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and  leave  the  main  connections  to  this  phase  unchanged.  Inter- 
change the  other  two  main  leads  of  each  delta  at  one  side  oi  each 
switch  (or  at  the  rotary  converter).  For  example,  ii  ('  and  D,  Fig. 
i  j,  fluctuate  together,  interchange  leads  A  and  B  and  leads  E  and 
/■'.  as  shown.  It'  it  is  preferable  to  make  the  change  in  the  thr< 
phase  circuit,  interchange  any  two  primary  (three-phase)  leads  to 
the  transformer.    Condition  /  should  then  exist. 

It"  the  lamps  act  in  any  other  manner  than  those  described  there 
has  evidently  been  an  error  in  connecting.  The  connections  should 
be  traced  out  again,  by  means  of  Fig.  10.  Note  that  the  two  deltas 
are  opposite  in  their  connections,  and  that  this  opposition  is  neces- 
sary for  a  double-delta  circuit. 

SELF-STARTING    MOTORS    AND    ROTARY    CONVERTERS 

Self-starting  machines  require  a  different  method  of  treatment 
from  the  preceding,  because  the  sequence  of  phases  of  the  incoming 
machine  must  be  made  the  same  as  that  of  the  running  machine 
before  the  incoming  machine  is  running  in  synchronism. 

Two-Phase — Determine  which  leads  belong  to  the  same  phase, 
connect  to  the  machine,  and  close  the  switch.  If  the  machine  starts 
in  the  wrong  direction  interchange  the  leads  of  one  phase  (or  inter- 
change phases  in  case  of  two-phase — three-wire  circuits). 

Three-Phase — Connect  the  leads  to  the  machine,  and  close  the 
switch.  If  the  machine  starts  in  the  wrong  direction  interchange 
any  two  leads. 

Six-Phase — Double-Delta — Connect  only  one  delta  at  a  time, 
the  same  as  for  three-phase.  See  that  the  machine  rotates  in  the 
right  direction,  whichever  delta  is  connected.  If  each  phase  rotates 
the  machine  in  the  wrong  direction,  the  reversal  may  be  made  on 
the  three-phase  (high-tension)  side  of  the  power  transformers. 

Six-Phase  Diametrical — Connect  as  in  Fig.  9,  omitting  the 
lamps,  and  leaving  the  switch  open.  Measure  the  voltage  between 
switch  terminals  /  and  3,  3  and  5,  and  5  and  /.  The  voltages  should 
be  1.73  times  the  diametrical  voltage.  If  two  of  the  voltages  are  too 
low,  interchange  the  leads  to  the  transformer  to  which  the  two  volt- 
ages are  low.  These  three  voltages  should  then  be  equal.  If  the 
machine  starts  in  the  wrong  direction,  interchange  those  leads  at 
the  rotary  converter  which  connect  to  /  and  3  and  those  which 
connect  to  4  and  6.  Or  if  preferred,  interchange  any  two  of  the 
three-phase   (high-tension)  leads, 
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I  NDU   \  l  I  \«.    \\l>   PR(  'in   HNG  DEVICES 

Instead  of  lamp-,  an  induction  motor  may  be  used  i<>  indicate 
al  of  phases.     It  1-  connected  as  in  Fig.  13a  or  b.    The  motor 
an    connected   firsl   to  the  main   switch   terminals  .'.   B,  C, 
and  then  in  the  same  1  irder  to  A\,  Bi,  Ci.    ( )are  should  be  observed 
11.  a  to  cross  the  leads  in  changing  the  connections,  as  this  rever  e 
the  indication.     It'  the  motor  rotates  in  the  same  direction  in  each 
-c  the  main  connections  to  the  switch  arc  correct.     1 1'  the  motor 
revi  any  two  main  leads  on  "in-  side  "i"  the  switch  may  he  in- 

terchanged.    The  arrangement  of  Fig  [36  i^  convenient  where  per 


Induction  Moloc     M',n  Sw,,ch 


IS.  [3  (a.)  AM)  Hi)— INDUCTION  MO- 
TOR CONNECTIONS  MM;  CHECKING  ROTA- 
TION OP  PHASES  AMI  INDICATING  RE- 
VERSAL   ON     A     THREE-PHASE    CIRCUIT 

manent    connections    are   to   be   maintained,   to   show    whether    the 
^c-fjuence  of  phases  ha-  heen  reversed.     Usually,  however,  in  such 
the  rever-al  is  likely  to  take  place  on  only  one  side,  so  that 
a  single  throw  auxiliary  switch  is  sufficient. 

It  in  portam  to  provide  an  automatic  signal,  or  to 

rcuit  breaker  instantly,  in  ca^e  of  reversal  of  phases.     In 
a  relay  can  he  provided,  having  a  moving  clement   that 
ten  rotate  against  a  -top  when  the  sequence  of  phases  is  nor- 

mal; hut  if  the  sequen  versed,  the  direction  of  rotational  ten- 

dency of  the   relay   i-   rev  and   a   contact   is  closed,  lighting  a 

signal  lamp  or  tripping  the  circuit  breal 
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equal  division  of  current  between 
the  two  shunts.  The  section  of 
ammeter  lead  between  shunts 
might  be  subject  t<>  a  heavy  cur- 
rent tending  to  equalize  the  drop. 
[f  the  two  ammeters  are  connec- 
ted each  i"  its  own  shunt  with 
shunts  in  multiple  the  sum  of  the 
ammeter  readings  will  give  the  to 
tal  current  in  the  circuit.  h.b.t. 

739 — Motor  Efficiency  in  Relation 
to  Power-Factor  Calculations — 
The  company  which  furnished  a 
50  lip,  440  volt,  62  amp.  per  ter- 
minal, three-phase  motor  guar- 
anteed 89  percent  efficiency  and 
88  percent  power-factor  at  full 
load.  A  test  was  run  using  a  three- 
phase  portable  wattmeter,  volt- 
meter, ammeter  and  a  portable 
power-factor  meter.  Tin-  Follow- 
ing average  results  were  ob- 
tained:— 41.6  kw,  456.5  volts;  60.8 
amps,  and  85.6  percent  power-fac- 
tor with  power-factor  meter.  The 
following  points  remain  to  he 
cleared  up:  a — 41.6  kw  equals 
55.7  hp.  Is  this  motor  carrying 
5.7  hp  overload,  or,  figuring  the 
efficiency  as  89  percent,  is  there 
only  0.5  hp  overload?  b — In  de- 
termining the  power-factor  to 
check  the  guarantees,  is  the 
above  value  of  85.6  percent  pow- 
er-factor to  be  taken  at  50.5  hp 
or  at55-7hp?  c — Power-factor  is 
expressed  by  the  ratio 

Kw  1 111  nit 
K.v.a.  Input 
What  does  this  mean  with  re- 
specl  to  the  guarantees;  or  in 
other  words,  doe-  the  efficiency 
have  to  be  figured,  in  order  to 
compare  the  power-factor  as  ob- 
tained with  the  power-factor 
guaranteed.  F.H.W. 

a — The    rating    on     the    name 
plate  designates  the  output  of  the 

motor,    at    what    is    considered    as 


737 — Induction  Between  Circuits 
Crossing  at  Right  Angles — If  a 
1 10  volt  lamp  circuit  crosses  a 
2200  volt  single-phase  feeder 
circuit  will  increase  or  decrease 
of  distance  between  the  circuits 
have  any  marked  affect  on  the 
inductance  effect-  and  what 
would  be  the  difference,  assum- 
ing of  course  that  the  respective 
circuits  are  properly  insulated 
from   each    other?  J.E.I. 

With  the  circuits  arranged  at 
right  angles  there  would  be  no  in- 
duction between  the  two.  no  mat- 
ter how  small  the  distance  si  par 
ating  them.  In  order  to  have  mu- 
tual induction  between  two  circuits 
they  must  he  more  or  less  parallel 
to  each  other.  The  induction  is 
then  greater  the  nearer  the  cir- 
cuits and  the  greater  the  length  of 
line  through  which  they  parallel 
each  other.  E.R.S. 

738 — Connection  of  Ammeter 
Shunts  in  Parallel — In  connec- 
tion with  a  direct-current  gener- 
ator capable  of  giving  10  000  am- 
peres at  a  pressure  of  about  live 
volts  it  is  desired  to  use  an  am- 
meter to  indicate  currents  up  to 
8000  amperes.  We  have  two 
4000  ampere  ammeters  with 
shunts.  Could  sufficiently  accu- 
rate measurements  be  obtained 
by  inserting  the  two  shunt-. 
connected  in  parallel,  in  one 
side  of  the  circuit  and  con- 
necting the  leads  of  one  amme- 
ter to  both  shunts,  assuming  that 
the  shunts  are  not  quite  identi- 
cal, or  could  both  ammeters  be 
used   simultaneously'  J.E.I. 

One  meter  connected  to  the 
two  shunt-  would  not  uive  reliable 
readings  even  if  both  shunts  were 
adjusted  to  give  the  same  drop  at 
normal  load.  The  difference  in  re- 
sistance of  the  connections  would 
be  practically  certain  to  cause  tin- 


448 


THE  ELECTRIC  JOURNAL 


full  ji.6  kw  read  by  the 

s  the  input  to  the 
I    not    the   output.     As 
the  mol  arrying 

full  load  approximatt  50  hp, 

that  the  efficiency  at  full  load 
i  nt,  tlu-n   the  output   as 
wn  by  the  reading  equals  41600 
-^7  hp,    which    is 

r   to   full    '  -   would   prob- 

ined    by    instrument 
reading  om    this    it    will    be 

1  that  the  motor  is  not   carry- 
ing an  id.    1' — Theabovei 

..1  by  the  power-fac- 

the  power-fact  »r  cor- 

utput   load   of 

the    guaranteed 

:<>r    the    full-load 

hp,  by  which  it  is  to 

— In   the   present  case 

Kw   Input  41600 

K.v.a.    Input  '  0.8 

percent.      If    these    readings 
are  correct,  then  the  power-factor 
ling    by    instrument     <^5.6)     is 
low;  how<  nee  this  em>r 

is   within    on<  nt,    it    is    quite 

allowable,  for  this  kind  of  a  read- 
ing, the  voltage  reading 
-  that  the  motor 
ted  at  about  four  per- 
cent above  normal  voltage,  which 
means  that  the  magnetic  densities 
and  magnetizing  current  are  higher 
than  normal.    It  is  evident  that 

not  have 
urcd    ir  find    the   correct 

'•rtain   load,   it' 

formulas      are      used. 

■  the  ab 

lutely  correct 

course  be 

try   to    know    the    efficiency. 

in   order  t<  nine  this  load  by 

electrical  r  ments. 

740 — Secondary  Current  and  Volt- 
age in  Wound  Secondary  Motor 
—  How  can  I  find  the  current  and 

ndary   wind- 
ing of  a   wound   rotor,   variable 
nduction  mo- 
different     ■   • 
all  in"  tance 

aV  Is   there   any   formula 

•ermining  these   valui 

T.C.M. 

The     method     of     calculation 
ration  of  the  mo- 


tor .1^  .1  transformer  by  applying 
Mutable  voltage  to  the  stator  with 
the  rotor   locked,   is  given   in    No. 

..  July  toil.  ( Calculations  are 
based  on  the  assumption  that   the 

ondary  current  per  phase  is  di- 
rectly proportional  to  the  torque 
delivered.    The  answer  referred  to 

0  suggests  a  method  of  obtain- 
in.-,  •-((■ondary  voltage  at  standstill 
At  synchronous  speed,  the  secon- 
dary voltage  would  lie  zero,  since 
the  secondary  conductors  are  mov- 
ing at  the  same  speed  as  the  re- 
volving  field  set  up  by  the  pri- 
mary, and  no  cutting  of  flux  oc- 
curs. The  secondary  voltage  at 
any  other  speed  may  be  determined 
by   means  of  the   following  formu 

la:      B  =  100 —      5,        ;    where  0  = 

synchronous  speed  of  motor,  R  — 
any  speed  between  zero  and  syn- 
chronous speed  and  B  =  percent 
secondary  voltage  at  speed  R  in 
terms  of  secondary  voltage  at 
standstill.  m.w.b. 

741 — Direct  -  Current  vs.  Single- 
Phase  Motors  for  Small  Printing 
Presses  —  A  printing  press  re- 
quires a  0.3  hp  direct-current 
motor  for  operation;  would  a 
single-phase  motor  of  the  same 
size  be  satisfactory,  especially 
for  starting,  so  far  as  available 
torque,  relative  economy  in  cur- 
rent consumption,  etc.,  are  con- 
cerned. E.S.V.D. 

Printing  presses  ordinarily  re- 
quire greater  starting  torque  than 
that  available  from  a  motor  which 
would  be  fully  loaded  when  run- 
ning the  press,  especially  if  the 
pr<  equipped   with    fly-wheel. 

A    direct-current    series    or    com- 
pound motor  would  of  course  give 
relatively  large  starting  torque  and 
would     therefore     be     particularly 
suitable   for   the   operation   of  such 
machines.    If  a  single-phase  motor 
■    used  it   should  preferably  be 
ither  the  repulsion  type  or  one 
arranged    for   starting  as  a   repul- 
sion motor,  certain  makes  of  which 
ailable   in   sizes  as   small   as 
0.3   hp.      The   current   consumption 
and     efficiency     would     correspond 
favorably  with  those  of  the  dir< 
current  motor.  L.B.B.  and  a.m.tj. 
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The  advantages  of  a  single  central   station  power 
The  Universal  system    for   supplying   electric    power    for   general 
Central        city  service  and  for  electrified  railways  were  prc- 
Power  Station  sented  at  a  recent  meeting  of  the  American   Insti- 
tute of  Electrical   Engineers,  by  .Mr.  Samnel  Insul. 
In  practice,  as  well  as  in  theory,  he  is  one  of  the  foremost  advocates 
of  the  large  power  system.     As  head  of  the  Commonwealth  Edison 
Company  he  has  made  Chicago  notable  the  world  over  for  the  size 
of  its  central  station  system  and  its  high  load  factor  of  over  forty 
percent.     This  company  is  now  supplying  power  in  large  amounts 
for  street  railway  operation.     It  is  well  to  give  serious  attention, 
therefore,   when  such   a  man  speaks  emphatically  concerning  the 
policies  on  which  he  is  an  authority. 

As  a  prime  object  of  the  central  station  manager  is  to  increase 
the  all-day  or  aggregate  output  as  much  as  possible  and  to  in- 
crease the  maximum  or  peak  load  as  little  as  possible,  he  welcomes 
long-hour  loads  without  peaks,  or  even  with  peaks  if  they  occur  at 
acceptable  times.  It  is  the  diversity  factor,  the  fact  that  peaks  arc 
not  simultaneous,  so  that  the  aggregate  peak  of  two  kinds  of  load 
is  not  equal  to  the  sum  of  their  individual  peaks,  that  is  emphasized 
by  Mr.  Insul  as  the  great  reason  for  the  more  economical  generation 
of  power  in  a  large  single  station  or  system.  He  showed  daily  load 
curves  of  different  requirements.  One  might  presume  that  Mich 
diversified  interests  as  ordinary  electric  light  and  power  supply, 
street  railways,  subways  and  steam  railroads  would  show  a  very 
favorable  diversity  factor.  Daily  load  curves  for  various  require- 
ments  of  Xew  York  City  were  exhibited.  These  included  the  New 
York  Edison  Company,  the  surface  railways,  the  elevated  and  sub- 
way systems,  the  Pennsylvania  Terminal,  the  Xew  York  Central 
and  the  Xew  Haven  Railroads.  The  curves  were  all  substantially 
alike,  each  had  a  minor  peak  in  the  early  morning,  a  fair  load  during 
the  day  and  a  maximum  peak  in  the  late  afternoon.  The  curves 
were  so  nearly  of  the  same  shape  that  careful  labeling  was  neces- 
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distinguish  them.    The  diversity  factor  of  these  various  de- 

nds  was  considerably  under  ten  percent,  but  even  then  the  possible 

ing  in  power  house  investment  mounted  to  very  large  figures. 

The  saving  in  transmission  cables,  and  in  sub-stations  also,  may  be 

very  considerable,  as  their  diversity  factor  is  greater  than  that  of 

the  i" »wer  station. 

Mr.  Insul  referred  to  a  conversation  regarding  electrification 
with  the  president  of  one  of  the  large  steam  railways  terminating 
in  Chicago,  who  spoke  several  times  of  the  great  amount  of  power 
aired  for  operating  heavy  trains,  lie  was  quite  astonished 
when  told  that  the  power  requirements  of  his  terminal  could  be 
-tuned  by  the  central  station  of  Chicago  with  scarcely  an  appre- 
ciable addition  t<>  it<  load.  In  the  New  York  presentation  Mr.  Insul 
pointed  to  the  curve  showing  the  power  used  by  the  New  Haven 
road,  and  said  it  was  too  small  to  consider  in  a  big  scheme — appar- 
ently  without  intending  this  as  a  compliment  to  the  efficiency  with 
which  this  important  road  uses  its  power. 

Diversity  factor  is  not  the  whole  justification  of  the  large 
central  station.  Concentration  of  administration  and  engineering 
ability  in  power  production  is  an  important  factor.  The  making 
of  power  has  become  a  business  in  itself.  Electric  operation  has 
made  large  power  production  possible.  This  has  not  always  been 
for  arc  lamps,  incandescent  lamps  and  street  cars  each  used  to 
have  it  n  particular  type  of  generator,  nor  could  the  genera- 

tor^  be  located  very  far  from  the  work  they  were  to  do.  But  now 
all  kinds  of  service — street  and  residence  lighting,  electric  fans  and 
.  street  cars  and  express  trains — can  be  operated  from 
the  same  bus-bars.  The  polyphase  alternating-current  power  trans- 
mission at  higher  voltages  and  the  large  turbo-generator  units  make 
it  practicable  to  produce  the  power  which  is  to  serve  a  city  and  its 
surrounding  territory  by  one  power  system  instead  of  a  hundred  or 
a  thousand  small  independent  power  plants.  The  theoretical  pos- 
sibility of  doing  this  i^  generally  recognized,  but  its  economic 
advair  nd    practicability    have    not    yet    been    fully  realized. 

In  New  York  City,  for  example,  a  half  dozen  or  more  companies 
erected  their  own  power  plants  for  generating  25-cycle  current. 
Mr.  In=ul  says  that  millions  could  have  been  saved  by  combination. 
This  is  coming  to  some  extent,  as  the  elevated,  the  subway  and 
.e  of  the  -urface  car  lines  are  now  served  from  common  power 
houses. 
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Street  railways  are  finding  that  they  can  buy  power  cheaper 
than  they  can  make  it.  The  example  furnished  by  Chicago  has 
been  followed  by  Cleveland,  where  a  careful  analysis,  conducted 
jointly  by  those  interested  and  an  outside  expert,  showed  that  the 
proposal  of  the  illuminating  company  was  less  than  it  would  cost 
the  railway  to  make  its  own  power,  and  it  also  enabled  the  railway 
interests  to  use  their  limited  capital  for  needed  equipment.  The 
consolidation  of  small  central  stations  with  large  power  companies 
for  serving  smaller  cities  and  towns  in  the  same  county  or  district 
may  not  be  so  impressive  in  magnitude,  but  is  scarcely  less  attractive 
as  to  the  economies  which  may  be  secured. 

The  advantages  of  diversity  factor  and  economic  production 
on  a  large  scale  can  accomplish  much,  but  there  is  still  a  possibility 
which  is  not  utilized.  The  load-factor  for  the  service  above  con- 
sidered is  still  considerably  below  fifty  percent.  That  is  to  say,  the 
station  output  in  kilowatt-hours  could  be  doubled  without  increas- 
ing the  size  of  the  power  house  if  the  power  could  be  used  during 
the  off-peak  periods  in  the  middle  of  the  day  and  the  latter  part  of 
the  night.  The  published  rates  in  one  large  city  give  the  price  of 
power  for  100  percent  load  factor  (24  hours  uniform  load)  at 
about  half  of  that  for  power  having  25  percent  load  factor  (equiva- 
lent to  six  hours'  full  load). 

To  make  cheap  power  it  is  necessary  to  produce  all  the  power 
in  one  system  and  to  increase  the  load  factor.  Naturally  cheaper 
power  makes  new  applications  practicable.  Twenty  years  ago  elec- 
tric generators  were  driven  by  engines  of  a  few  hundred  horse- 
power, ten  years  ago  by  engines  of  a  few  thousand  horse-power, 
now  by  turbines  of  a  few  times  ten  thousand  horse-power,  and  the 
cost  of  producing  power  has  been  greatly  reduced.  All  this  means 
that  the  manufacture  of  power  is  now  on  a  new  basis. 

Chas.  F.  Scott 


It  is  the  field  of  those  who  are  engaged  in  applying 
The  Field  of    industrial   motors   to   demonstrate  to  the  prospec- 
the  Industrial  ^ve  users  °f  motors  that,  if  properly  applied,  in- 
Motor  creased  returns  will  result  from  the  use  of  electric 
Application     drive.    Ordinarily  this  must  be  accomplished  as  the 
Engineer       result  of  a  rigid  investigation  of  the  manufacturing 
operations,  type  and  location  of  machinery,  amount 
of  power  needed,  speed  requirements,  etc.,  as  well  as  the  character  of 
the  labor  employed.     In  other  words,   an   industrial   engineer,   in 
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addition  to  having  a  thorough  knowledge  of  manufacturing  opera- 
tions, and  o\  motor  and  engine  characteristics,  must  also  be  an 
efficiency  engineer.  Data  upon  which  conclusions  may  be  based  are 
ained  by  observations  and  tests,  and  by  analysis  and  comparison 
of  the  various  fundamental  physical  and  mechanical  components 
involved.  The  principal  items  to  be  analyzed  in  ordinary  industrial 
operations  are ; 

i-  The  routing  system,  involving  the  location  of  the  machines, 
and  the  moving  of  materials  to  and  from  the  machines  with  over- 
id  crane-,  industrial  railways,  trucks,  jib  cranes,  other  mechanical 
dri\  es,  or  by  hand. 

2  The  handling  of  the  materials  at  the  machine,  including 
placing  the  work  or  removing  the  work  from  the  machine  with 
main  crane,  jib  crane,  or  other  mechanical  means,  or  by  hand;  and 
performing  the  work,  which  involves  the  securing  of  the  proper 
speed  characteristics  of  the  machine,  proper  facilities  for  adjusting 
the  various  part-  of  the  machine,  and  proper  records  of  the  time 
and  power  required  for  the  various  operations. 

3 — The  lighting,  ventilation,  heating  and  sanitary  conditions. 

With  all  of  these  conditions  correct,  not  only  is  production 
facilitated,  but  the  moral  effect  upon  the  employes  is  to  impel  them 
to  do  everything  just  right,  and  the  result  is  high  quality  as  well  as 
maximum  efficiency.  Power  is  required  both  for  moving  the  ma- 
terials being  manufactured  and  for  working  upon  these  materials. 
Proper  methods  of  applying  power,  therefore,  form  an  important 
factor  in  securing  economy  in  shop  operation.  These  methods  are 
more  important  than  economy  in  power  consumption,  because  maxi- 
mum production  depends  upon  the  correct  application  of  power, 
whereas  the  cost  of  power  itself  is  comparatively  small,  usually 
only  a  few  percent  of  the  shop  operating  expenses. 

It  is  evident  that  all  the  units  in  a  shop  should  be  independently 
driven  in  order  to  fulfill  all  of  the  conditions  outlined  above.  An 
efficient  shop  cannot  be  handicapped  by  line  shafts  which  limit  the 
arrangement  and  location  of  machines.  For  these  reasons,  indi- 
vidual motor  drive  forms  a  big  item  in  the  solution  of  the  majority 
of  the  problems  of  efficiency  engineering  in  shops  and  factories. 
With  this  method,  the  most  economical  routing  system  can  be  in- 
stalled since  the  machines  can  readily  be  located  where  most  effec- 
tive. Cranes  and  other  handling  devices  can  thus  be  operated 
without  danger  or  interference.     As  each  machine  is  an  independ- 
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ent  unit,  its  speed  can  be  varied  to  best  suit  the  work  at  hand, 
quickly,  and  without  overhead  complications.  It  is  also  possible 
to  obtain  graphic  records  which  will  show  all  operations  and  delays, 
when  work  is  being  done  or  is  removed  from  a  machine,  etc.     By 

eliminating  line  shafts,  daylight  coming  from  skylights  will  not  be 
reduced  and  artificial  illumination  can  be  laid  out  fur  maximum 
efficiency. 

In  going  after  this  class  of  business,  the  industrial  engineer, 
whether  acting  on  a  consulting  basis,  or  representing  a  central  sta- 
tion or  apparatus  manufacturer,  must  first  interest  the  factory  man- 
ager. To  do  this  a  good  impression  must  be  made  at  the  start. 
The  details  of  the  prospective  customer's  business  must  be  under- 
stood and  originality  of  ideas  must  be  shown.  Factory  managers 
are  always  interested  in  new  ideas,  and  originality  is  the  strongest 
force  with  which  to  attract  attention  and  arouse  interest.  An  in- 
dividual who  has  not  originality  and  an  attractive  personality  had 
better  choose  a  different  field.  Some  engineers  copy  ideas  which 
have  obtained  success  for  others — they  are  following  a  leader,  help- 
ing him  to  standardize  his  ideas,  but  will  never  be  leaders  them- 
selves. Instead  of  copying,  they  should  originate  something  better. 
This  practice  promotes  progress  and  progress  is  the  object  of  ef- 
ficiency engineering. 

While  visiting  a  factory  the  engineer  should  be  on  the  watch 
for  any  inefficiencies  that  may  exist  and  point  them  out  to  the  man- 
ager at  once.  Originality,  based  on  sound  engineering  knowledge 
and  experience,  combined  with  proper  analysis,  will  suggest  how  to 
overcome  the  source  of  deficient  economy.  After  several  minor 
suggestions  are  made  the  manager  will  decide  whether  or  not  he 
wishes  the  engineer's  services.  His  decision  will  depend  upon  the 
impression  created,  and  this  will  depend  upon  the  originality  and 
the  soundness  of  the  logic  employed  in  the  preliminary  minor  analy- 
ses. After  a  favorable  decision  has  been  made,  the  industrial  en- 
gineer should  employ  all  his  knowledge  of  fundamental  mechanical 
and  physical  principles,  and  apply  the  results  of  his  previous  expe- 
rience to  his  best  ability.  Success  will  depend  upon  the  satisfaction 
he  produces,  and  giving  satisfaction  will  increase  his  self-confidence 
and  accordingly  his  chances  of  obtaining  favorable  action  in  future 
cases. 

Tact  and  diplomacy  are  necessary  in  asking  questions  and 
obtaining  the   desired   information.     The  manager   should   not  be 
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en  the  impression  thai  he  does  nol  know  his  own  business.  Tn 
the  shop,  the  operators  must  not  Ik-  antagonized.  Much  valuable 
information  can  be  obtained  from  them,  as  they  arc  in  a  position 

know  the  details  which  produce  efficiency.  The  engineer  must, 
therefore,  be  of  a  flexible  disposition;  he  should  be  able  to  handle 

both  "capital"  and  "labor."  lie  musl  nol  be  afraid  to  put  on  over- 
alls and  get  his  hands  dirty  in  the  shop,  and  at  the  same  time  lie 
must  have  the  necessary  refinement  to  deal  with  the  officials  of  an 

tablishment.     Knowing    from    his   previous   experience    that   his 
method  of  analysis  is  correct,  he  must  nol  be  disheartened  if  others 
.  with  him  at  first.    It  takes  time  to  overcome  any  prej- 
udices that  may  exist  and  to  make  clear  the  possibilities  of  im- 
ment  by  the  use  of  analytical  methods  with  which  they  may 
not  be  acquainted. 

Skill  in  this  profession,  as  in  all  others,  is  obtained  by  constant 
practice.  A  technical  graduate  should  not  enter  this  field  imme- 
diately upon  leaving  college.  A  thorough  understanding  should 
first  he  gained  of  the  operating  characteristics  of  electrical  power 
apparatus.     After   a   technical   course   of   instruction,  this   can   be 

tained  by  designing,  constructing,  or  operating  the  apparatus, 
observing  methods  used  in  shops  of  various  kinds  and  analyzing 
the  conditions  observed.  This  experience  may  he  secured  at  the 
plants  of  electrical  manufacturer-,  with  public  service  companies 
which  are  actively  increasing  their  motor  load,  or  at  industrial 
plant-  using  electric  drive.  The  amount  of  experience  the  indi- 
vidual rids  largely  upon  his  own  originality  and  energy  in 
endeavoring  to  have  his  ideas  carried  out  by  referring  them  to  his 
superior.  A.  G.  Popckk 


It  has  been  the  prediction  of  those  who  have  closely 

followed  the  development  of  the  electric  art  that 

_  the  future  will  sec  great  districts  or  states  supplied 

Power  .  ,  .  .        .  ,  . 

_.       .  with  power  from  a  few  immense  central  generating 

Districts 

plants  whose  high   tension  transmission  lines  will 

tend  for  great  distances,  and  whose  sub-stations 
will  supply  the  communiti  ed  by  many  independent  sta- 

tion-.    That  part  of  the  United  States  known  as  the  Pacific  Slope — 
the  territory  Wesl   of  the  R<  fountains — possibly  affords  the 

t  present  d       r<  alization  of  this  idea,  and  it  is  particularly  exem- 
plified in  the  state  of  California.    A  study  of  the  conditions  in  that 
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state,  therefore,  will  greatly  assist  in  determining  whether  or  not 
we  may  expert  similar  developments  in  other  parts  of  the  country. 

A  long  distance  transmission  line  in  some  respects  resembles  a 

railroad  in  its  relation  to  the  territory  through  which  it  runs.  The 
first  concern  in  the  planning  of  a  new  railroad  is  the  possibility  of 
securing  freight  business  in  sufficient  quantity,  and  especially  local 
business  with  short  hauls.  A  long  stretch  of  track  between  two 
points,  with  no  intermediate  shipping  points,  must  be  regarded  ex- 
actly like  a  bridge,  the  investment  is  high  and  the  proportionate 
returns  are  low.  This  naturally  means  small  returns  per  mile  of 
track  as  compared  with  a  road  running  through  a  more  productive 
section.  Unless  the  line  connects  two  important  shipping  points 
the  earning  capacity  of  the  road  per  mile  will  be  low  and  the  advisa- 
bility of  building  it  questionable.  In  general,  the  initial  cost  per  mile 
of  track  is  the  same  whether  a  road  traverses  a  productive  or  non- 
productive territory. 

So  it  is  with  the  building  of  a  transmission  system.  Unless  the 
cost  of  generating  power  is  much  lower  at  one  point  than  at  another 
it  will  not  pay  to  run  a  transmission  line  any  considerable  distance 
between  the  two  points  unless  business  can  be  secured  along  the  line 
which  will  help  bear  the  total  expense.  Thus,  the  realization  of  the 
dream  of  great  generating  plants  can  only  come  when  the  possibili- 
ties for  the  utilization  of  electric  power  in  rural  as  well  as  urban 
districts  are  developed. 

California  is  covered  with  a  network  of  high  tension  transmis- 
sion lines,  mostly  those  of  hydro-electric  plants  which  find  the 
source  of  their  power  in  mountain  streams  and  which  must  run 
lines  of  great  length  to  reach  the  larger  centers  of  population.  But 
along  these  lines  are  sub-stations  serving  mines,  lumber  districts 
and  particularly  agricultural  communities  where  electric  power  is 
used  to  operate  pumps  for  irrigation  as  well  as  to  drive  machinery 
for  other  farm  purposes.  The  wonderful  productiveness  of  Cali- 
fornia soil  for  raising  fruit,  nuts,  olives,  etc.,  is  a  result  of  the  free 
use  of  water;  especially  is  this  true  in  Southern  California,  where 
for  practically  eleven  months  in  the  year  the  country  is  bathed  in 
warm  sunshine  and  rain  is  unknown.  Here  irrigation  is  a  neces- 
sity, and  here  we  find  millions  of  dollars  invested  in  generating 
plants  and  transmission  lines  to  serve  an  almost  purely  agricultural 
community.  Although  oil  is  plentiful  and  it  might  be  expected  that 
gas  engines  would  predominate,  the  electric  motor  is  most  popular 
as  a  power  agent.     Here  the  centralization  of  power  generation  is 
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profitable,  and  in  fad  almost  necessary,  but  this  fad  must  be  borne 
in  mind,  it  is  the  local  business  the  short  hauls  as  it  were  which 
make  the  great  electrical  developments  in  California  pradicable. 
Until  the  application  of  electrical  energy  to  rural  power  require- 
ments is  developed  to  a  greater  extent  than  at  present  in  the  Middle 
West  and  East,  we  cannot  reasonably  expert  that  long  distance 
transmission  lines  will  be  economical  or  necessary,  with  the  few  ex- 
ceptions  of  great  power  developments  like  those  at  Niagara  Falls, 
where  extremely  low  generating  costs  offset  the  high  expense  of 
building  long  transmission  lines. 

It  cannot  be  denied  that  the  wonderful  growth  of  California 
industrially  and  agriculturally,  is  in  a  large  part  due  to  the  courage 
and  foresight  of  those  men  who  have  invested  millions  in  the  de- 
velopment of  great  electrical  generating  stations  and  who  have  edu- 
cated the  people  to  the  use  of  electric  power  in  industries  which  in 
the  East  have  always  been  more  or  less  dedicated  to  steam  or  gas 
engine  plants.  ThoSe  men  did  not  find  the  market  for  power  ready 
made.  They  have  built  up  the  state  and  encouraged  the  influx  of 
farmer-,  as  well  as  the  development  of  the  mining  industry,  hy  pro- 
viding power  at  a  reasonable  cost  and  pointing  out  the  possibilities 
for  it-  use.  It  has  been  a  campaign  of  education  there  as  every- 
where. 

The  future  of  the  large  central  generating  station  is  dependent 

broadening  the  scope  of  its  work  and  applying  its  energy  to  still 
iter  fields.     That  is  what  California  has  done  and  what  is  being 
done  in  Washington,  (  >regon,  Idaho  and  other  western  states  where 
the    central    stations    are    a    very  important    factor  in    the    indus- 
trial development  of  the  state.     But  as  already  indicated,  these  im- 

rtant  development-  are  being  accomplished  hy  taking  advantage 
ortunities  for  business  not  only  in  the  large  centers  of  popu- 
lation hut  in  the  rural  districts  as  well.  D.  S.  IIkown 


It  has  seemed  somewhat  as  if  the  major  attention 
Illuminating  of  central  station  men  has  been  directed,  in  the  im- 
Enjiineering     media-  t,  to  the  consideration  of  off-peak  power 

and   the  Ccn-  load-.     No  one  will  gainsay  the  importance  of  this 
tral  Station  nsideration.    Other  important  items  are,  however, 

heginning  to  assert  themselves  in  the  economic  rela- 
tions hetween  profits  and  the  satisfied  customer. 

The  matter  of  explaining  to  a  customer  how  his  residence  should 
he  equipped  with  electric  lamp-  and  reflectors  in  order  to  obtain  the 
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most  satisfactory  results  is  practically  as  importanl  as  the  reading 
of  his  meter.  In  fact,  a  customer  who  feels  that  the  method  of  ob- 
taining the  best  and  most  economical  illumination  results  in  his  home 
has  been  explained  to  him  in  an  intelligent  manner  is  apt  to  be  kindly 
disposed  toward  the  central  station,  and  such  a  feeling  of  satisfac- 
tion is  invaluable  to  the  company. 

Lighting  installations,  regardless  of  location,  include  three  im- 
portant items — the  design,  the  application  and  the  upkeep  or  main- 
tenance. No  design  is  satisfactory,  no  matter  how  well  the  illumina- 
tion requirements  are  met,  unless  first  cost  and  maintenance  charges 
are  consistent  with  the  results  actually  obtained.  A  few  prac- 
tical hints  on  the  installation  of  factory  lighting  systems  are 
presented  in  the  present  issue  of  the  Journal  which  are  drawn  from 
the  wide  experience  of  the  author  in  this  kind  of  work.  One  of  the 
most  valuable  features  of  the  article  by  .Mr.  Clewell  lies  in  the  sug- 
gestion that  it  is  frequently  possible  by  making  certain  changes  in 
the  illumination  design,  to  simplify  and  cheapen  the  wiring  cost  with- 
out detracting  from  the  excellence  or  permanence  of  the  installation. 
On  the  other  hand,  it  does  not  pay  to  sacrifice  illumination  features 
to  any  great  extent  in  order  to  decrease  cost  of  installation,  as  in  the 
majority  of  cases  the  entire  cost  of  installation  is  only  a  small  per- 
cent of  the  saving  in  time  and  superior  workmanship  which  is  se- 
cured by  the  improved  lighting.  The  principles  contained  in  this 
article  are  such  as  to  adapt  it  in  a  general  way  to  all  classes  of  illum- 
ination. The  attention  of  central  station  men  in  particular  is  di- 
rected to  the  value  of  bringing  material  of  this  nature  before  their 
customers  in  order  to  improve  local  conditions  and  thereby  increase 
their  satisfaction  with  the  power  company's  service. 

The  recent  introduction  of  the  long  hour  flame  carbon  arc  lamp 
makes  the  article  by  Mr.  Stephens  particularly  opportune  at  this 
time.  The  author  sets  forth  the  various  steps  leading  up  to  the 
development  of  the  long  hour,  flame  carbon  arc  lamp,  and  explains 
the  new  and  unusual  features  associated  with  the  operation  of  this 
type  of  lamp.  While  flaming  arc  lamps  have  been  used  abroad  suc- 
cessfully for  a  number  of  years,  their  commercial  introduction  on 
a  large  scale  in  this  country  has  been  delayed  by  the  prohibitive  cost 
of  operation  due  to  frequent  trimming,  a  factor  which  is  of  consid- 
erably more  importance  in  this  country  than  abroad,  on  account  of 
the  difference  in  labor  costs.  The  long  burning  lamp  has  overcome 
this  objection,  and  there  appears  to  be  a  large  field  for  its  use,  espe- 
cially for  industrial  plants  and  street  lighting. 
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Another  article  of  interesl  is  thai  by  Messrs.  Hurley  and  Padon 
in  which  a  typical  installation  of  metallic  flame  arc  lamps  in  an  av- 

ge  Western  town  is  described.  This  article  contains  considerable 
information  connected  with  the  principles  of  street  lighting,  and  also 

-  forth  at  some  length  the  items  of  interest  associated  with  the 
n  equipment  and  the  advantages  to  be  derived  by  the  operation 
of  direct-current  series  arc  lamps  by  means  of  mercury  rectifier 
outfits. 

It  is  to  be  hoped  thai  the  interest  manifested  the  past  year  or 
two  in  practical  il'umination  will  continue  to  grow.  To  be  produc- 
tive such  work  siould  be  given  systematic  attention  in  an  en- 
deavor, not   only  to   improve   present  conditions,  but    to   raise   the 

ndard  of  illuminati  »n  facilities  in  the  homes  of  the  community, 

well  as  in  the  industries,  streets,  park  areas  and  suburban  road- 
ways. Cooperation  between  the  manufacturer  and  the  central  sta- 
tion has  done  much  during  the  past  year  to  promote  the  realization 
of  these  results.  A  continued  helpful  relation  of  this  kind,  through 
the  distribution,  by  the  manufacturers,  of  scientific  and  accurate 
data  on  lamp-  and  lighting  equipment  and  their  proper  application 

specific  purposes,  coupled  with  a  direct  interest  hy  the  central  sta- 
tion men  in  the  use  of  the  most  effective  illumination  will  undoubt- 
edly do  much  toward  securing  marked  improvements  in  the  entire 
lighting  situation.  T.  J.  Pace 


THE  INSTALLATION  OF  INDUSTRIAL 
LIGHTING  SYSTEMS 

C.  E.  CLEWELL 

THE  design  of  industrial  lighting  systems  takes  into  account 
primarily  the  location  of  lamps  for  the  production  of  a  defi- 
nite result.  In  planning  such  systems  the  wiring  and  installa- 
tion problems  are  apt  to  he  overlooked  in  favor  of  the  advantages 
of  certain  lamp  locations  from  the  standpoint  of  the  illumination 
effect.  While  the  lamp  locations  should  be  determined  for  the  pro- 
duction of  excellence  in  the  illumination  effect,  it  should  be  remem- 
bered that  a  slight  change  in  such  locations  may  sometimes  reduce 
the  cost  of  wiring  very  materially  with  only  a  slight  modification  in 
the  resulting  illumination.  Attention  should,  therefore,  be  directed 
to  the  importance,  first,  of  scientifically  distributing  the  outlets,  and 
second,  of  minor  changes  which  may  be  made  to  accommodate  wir- 
ing conditions,  which,  however,  should  always  take  a  secondary 
place. 

THE  ILLUMINATION  DESIGN 

Iii  former  days  a  request  for  lighting  in  the  shop  was  very  gen- 
erally met  by  hanging  a  few  lamps  here  or  there  without  regard 
to  uniformity  or  advantageous  intensities  of  the  illumination.  To- 
day the  illuminating  engineer  investigates  the  locations  for  which 
lighting  is  required  and  after  measuring  the  floor  space  and  ceiling 
height,  and  noting  the  surrounding  conditions,  calculates  the  number 
of  lamps  necessary  properly  to  light  the  location ;  chooses  a  size  of 
lamp  and  type  of  reflector  which  is  best  adapted  to  the  given  condi- 
tions ;  mounts  the  lamps  at  such  a  height  as  to  prevent  glare ;  con- 
trols the  lamps  in  groups  which  will  give  the  system  a  flexibility 
through  turning  off  certain  lamps  when  not  required ;  and  in  general 
takes  into  account  those  principles  and  items  which  differentiate  the 
old  haphazard  lighting  from  modern  systems  carefully  and  scientific- 
ally planned. 

The  illumination  design,  to  be  of  service  to  the  wiremen,  should 
contain  in  a  clearly  defined  manner  all  the  items  of  information  nec- 
essary to  enable  them  to  install  the  lamps  according  to  the  plans 
and,  furthermore,  should  contain  a  list  of  the  various  materials 
which  are  required  for  the  installation.  A  design  drawing  is  shown 
in  Fig.  i,  which  not  only  shows  the  lamp  locations,  but  indicates  the 
wiring  system,  the  location  of  the  conduit  and  fittings,  the  location 
of  the  panel  boxes,  and  also,  by  dotted  lines,  those  lamps  which  are 
to  be  controlled  from  one  switch.     In  the  lower  portion  of  this 
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iwing  is  found  a  complete  list  of  materials  required  for  the  in- 
llation.     This  list  greatly  aids  the  one  who  is  responsible  for  the 
g    >f  the  necessary  suppli< 
The  Estimate    Upon  the  completion  of  the  drawing  it  is  always 
- :  r.jble  to  obtain  an  estimate  of  the  expense  associated  with  the 
installation  of  the  system.    This  is  comparatively  simple  if  the  design 
drawing  contains  all  the  information  indicated  in  the  previous  para- 
phs.   In  those  cases,  however,  where  the  drawing  does  nol  show 
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FIG.    I— TYPICAL    ILLUMINATION    PLAN,    SHOWING    WISING    AND    LIST   OF    MATERIAL 

the  wiring  arrangement  but  simply  indicates  the  location  of  lamps, 
it  is  necessary  for  the  wiremen  to  pencil  in  all  circuits,  to  measure 
up  the  amount  of  wire,  and  to  tabulate  all  the  other  material  re- 
quired for  the  work.  Fig.  2  indicates  in  a  general  manner  the  form 
mate  which  will  he  found  most  advantageous  in  connection 
with  industrial  lighting  work.  It  is  convenient  and  helpful  in  sum- 
marizing such  an  e-timate  to  divide  the  total  amount  by  the  number 
of  lamps  in  order  to  determine  the  cost  of  installation  per  lamp. 
The  cost  per  lamp  when  compared  with  costs  in  other  similar  loca- 
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tions,  will  serve  to  indicate  whether  or  not  the  installation  cost  is 
exeessive. 

Another  valuable  feature  of  the  preliminary  estimate  lies  in  the 
opportunity  it  frequently  gives  the  designer  to  revise  the  location 
of  lamps  slightly  so  as  to  reduce  the  cost  of  installation  without  ma- 
terially affecting  the  resulting  uniformity  of  the  Humiliation.  One 
of  the  most  helpful  features  in  this  connection  is  the  inspection  of 
the  location  by  the  designing  engineer  in  person  in  order  to  ascertain 
whether  the  surroundings  present  any  characteristics  of  an  excep- 
tional nature  which  in  themselves  are  apt  to  produce  difficulties  in 
the  arrangement  of  wires.     A  sketch  of  a  typical  shop  bay  with  a 
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FIG.    2 — TYPICAL    ESTIMATE    FOR    A    LIGHTING    INSTALLATION 

preliminary  layout  is  shown  in  Fig.  3,  while  Fig.  4  indicates  the 
same  shop  space  in  which  the  lighting  arrangement  has  been  slightly 
modified  to  meet  special  conditions.  The  comparison  of  these  two 
figures  shows  that  the  arrangement  of  lamps  is  practically  as  sym- 
metrical in  one  as  in  the  other ;  but  the  cost  for  the  installation  of 
the  second  system  is  very  much  lower  than  the  first.  Attention  to 
items  of  this  nature  will  often  be  rewarded  by  large  economies  in 
the  installation  cost. 

Checking  the  Work  with  the  Drawing — After  a  lighting  plan 
has  been  drawn  up  with  the  greatest  care  it  will  almost  invariably 
be  found  that  the  interpretation  of  this  drawing  by  the  wiremen 
results  in  the  location  of  some  lamps  slightly  at  variance  with  the 
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g     This  is  duo  primarily  to  inaccuracies  in  the  measurement 
the  location;  that  is  to  say,  the  width  and  length  of  the  space  to 
be  lighted.    It",  for  exampl  ries  of  columns  across  a  given  space 

divides  the  space  into  a  number  of  bays,  and  furthermore,  if  the 
measurement  by  the  wiremen  is  begun  at  one  side  of  the  huilding, 
an  error  in  the  measurement  made  in  one  or  another  of  the  hays 
may  result  in  considerable  confusion  if  the  attempt  is  thus  made 
to  lay  out  the  locations  on  the  ceiling  in  accordance  with  spacing 
which  have  been  indicated  on  the  drawing  from  an  un- 
checked overall  dimension.  For  these  reasons  it  is  a  distinct  ad- 
vantage for  the  i  >ne  who  plans  the  system  to  check  up  the  drawings 
while  the  installation  is  being  made.  A  suggestion  to  the  wiremen 
here  and  there  if  made  in  time  may  save  tearing  out  the  entire  sys- 
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tern  of  wiring  on  account  of  some  gross  error  which  has  crept  in 
due  to  a  misunderstanding  of  the  drawing. 

Two  items  should,  therefore,  be  kept  in  prominence  before  the 
mind,  first,  the  drawing  up  of  plans  as  accurately  and  simply  as  pos- 
sible, so  as  to  reduce  the  possibilities  of  misunderstandings  by  the 
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wiremen,  and,  second,  after  all  the  care  possible  has  been  exercised, 
to  check  up  with  the  drawing  from  time  to  time  while  the  wire-men 
are  at  work. 

CEILING  CONSTRU<  riON* 

The  classes  of  ceilings  found  in  the  various  industrial  plants 
cover  a  large  variety  of  materials  and  kinds.  There  are  to  be  found, 
for  example,  ceilings  of  wood,  brick,  tile,  metal  and  cement,  as  well 
as  those  locations  in  which  there  are  no  ceilings  at  all  but  where  the 
overhead  construction  consists  solely  of  girders,  these  being  the  only 
means  of  support  for  lamps  and  wires  other  than  the  roof  itself. 


FIG.    5 — FHOTOGRAPH    OF   SHOP   SECTION    SHOWING   DEEP   GIRDERS    IN    THEIR 
RELATION    TO   THE    WIRING    FOR    LAMPS 

In  addition  to  the  varying  materials,  there  is  also  to  be  found 
a  large  variety  of  girder  arrangements.  In  many  cases  the  girders 
extend  to  a  considerable  depth  below  the  ceiling  surface,  breaking 
up  the  ceiling  into  sections  or  bays.  This  limits  the  wiring  arrange- 
ment to  an  appreciable  extent  on  account  of  the  difficulty  of  carry- 
ing wires  under  girders.  A  wiring  system  planned  in  a  symmetrical 
manner  with  respect  to  the  bays,  is  found  in  the  location  repre- 
sented bv  Fig.  5.  the  circuits  being  so  arranged  that  no  wires  have 


*For  additional  information  on  this  subject  see  article  entitled  "Shop 
Lighting  Installation"  by  the  author  in  the  American  Machinist,  October 
26,  1911. 
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cross  the  girders,  while  the  main  feeders  are  run  on  the  under 
side  of  the  girders.  If  it  had  been  thought  advisable  to  control 
three  rows  instead  of  two  by  one  switch,  it  would  have  necessitated 
cither  drilling  through  the  girder  in  order  to  connect  the  lamps 
in  the  adjoining  hay  to  the  lamps  in  the  first  bay,  or  these  same  wires 
\\<>nld  necessarily  have  been  run  underneath  the  girders,  which  is 
n"t  only  a  difficult  task,  hut  usually  expensive  and  unsatisfactory. 

W 1  ceilings  presenl   the  easiest   class  of  locations  as   far  as 

wiring  is  concerned  and  in  such  cases  the  wires  may  either  he  strung 
on  knobs  or  cleats  in  the  form  of  open  work,  or  may  be  concealed 
in  wood  Or  metal  moulding.  Where  no  ceilings  exist  and  the  wires 
must  be  supported  on  the  under  side  of  girders,  it  is  found  advisable 
when  the  number  of  lamps  for  a  given  floor  area  is  large,  to  install 
stringer  hoard-  underneath  the  girders  to  which  the  wires  may  he 
attached  by  means  of  wood  or  metallic  moulding.  In  office  locations 
where  tile  or  metal  ceiling-  are  found  and  where  it  is  practically  im- 

-ihle  to  conceal  the  wiring,  due  perhaps  to  the  fact  that  the  instal- 
lation is  to  he  made  in  an  old  office  where  lighting  has  been  found 

be  inadequate  and  a  new  system  is  desired,  metallic  moulding  has 

n  employed  in  many  cases  with  satisfaction,  both  in  the  work  of 
installation  and  in  the  appearance  when  completed. 

The  ceiling  not  only  presents  difficulties  in  a  great  many  cases 

the  wiremen,  but  thus  increases  the  cost  of  this  work.  One 
is  apt  to  think  at  times  that  the  additional  expense  for  a  large  num- 
ber of  outlet-  compared  with  what  would  be  required  if  one-half 
or  one-fourth  of  the  number  of  lamps  were  installed,  is  not  war- 
ranted Careful  calculation-,  however,  indicate  that  in  practically 
all  industrial  work  the  additional  expense  for  a  sufficient  number  of 
lamp-,  in  order  to  provide  satisfactory  illumination  at  any  point  on 
the  fh>   -  -mall  in  comparison  with  the  direct  economics 

•thing  through  reduced  labor  costs  and  hetter  workmanship  made 
le  by  the  more,  efficient  -.-tern  of  lighting.     In  general,  therc- 
the  number  of  outlet-   should  he  determined  primarily  on  a 
f  the  actual  lighting  results,  the  cosl  of  installation  heing  re- 
duced only  when  such  a  modification  is  not  made  at  the  expert  e  of 
a  good  illumination  effect. 

WIT<  If   (  0NTR0L 

In  those  a  here  the  wiring  i-  made  a  part  of  the  building 

before  it-  completion,  the  wire-  are  usually  located  between  floors 
and  ceilings,  thus  enabling  the  control  circuits  to  be  run  to  swit<  1 
placed  at  convenient  points  on  walls  or  columns.     In  this  way  lamps 
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may  be  controlled  from  a  single  point  over  a  considerable  area  and 
the  appearance  of  the  wiring  and  control  arrangement  does  not  enter 
into  the  case.  In  most  industrial  lighting  work,  however,  no  such 
refinements  arc  feasible.  Where  wood  moulding  or  conduit  is  used 
the  switch  control  circuits  arc  very  often  placed  on  structural  steel 
columns  or  brick  walls,  as  the  case  may  he,  the  expense  <>f  such  cir- 
cuits being  dependent  to  a  great  extent  on  the  ease  with  which  the 
moulding  or  conduit  may  he  attached  to  the  column  or  wall,  and  also 
to  some  extent  on  the  distance  from  the  lamps  to  be  controlled. 

In  recent  years  the  so-called  pendant  switch,  which  is  attached 
directly  to  the  lamp  circuit  by  means  of  a  piece  of  flexible  cord,  has 
become  popular.  There  is,  however,  a  slight  objection  to  the  loca- 
tion of  a  switch  in  a  pendant  position,  especially  under  shop  con- 
ditions, due  to  the  tendency  of  the  employees  to  tamper  with  the 
mechanism  of  such  switches,  and  also  due  to  the  fact  that  they  may 
be  accidentally  broken.  Another  type  of  switch  which  has  lately 
become  quite  useful  in  industrial  work  is  the  so-called  pull  switch, 
which  has  the  advantageous  characteristics  of  the  pendant  switch 
in  that  it  may  he  connected  directly  to  the  circuit,  thus  obviating 
the  use  of  long  control  circuits.  It  differs  from  the  pendant  switch, 
however,  in  that  the  switch  itself  is  located  at  the  ceiling  and  the 
control  is  effected  by  means  of  a  cord  to  the  end  of  which  is  attached 
a  small  handle.  This  makes  it  impossible  for  the  switch  to  be  tam- 
pered with  as  in  the  case  of  the  pendant  switch,  and  its  use  has  re- 
sulted in  lower  cost  both  for  installation  and  operation. 

As  will  he  apparent  from  a  slight  consideration  of  the  various 
factors,  it  is  an  advantage  to  control  lamps  in  rows  or  groups  paral- 
lel to  windows.  In  the  older  installations  where  a  single  row  of 
large  lamps  was  used  down  the  center  of  the  aisle  such  precautions 
were  not  necessary.  In  modern  lighting  installations,  however, 
where  a  larger  number  of  smaller  lamps  is  used,  it  becomes  highly 
expedient  to  give  special  attention  to  the  control  circuits.  For  ex- 
ample, Figs.  6,  (a)  and  (b)  show  a  low  factory  space  with  windows 
at  either  side  of  the  building  where  a  large  number  of  lamps  of 
medium  size  have  been  used.  In  this  location  the  original  illumina- 
tion design  called  for  six  lamps  to  be  controlled  from  one  switch 
as  indicated  by  the  dotted  lines  in  part  (a).  After  a  time,  however, 
it  was  found  that  in  those  sections  of  the  shop  where  a  large  number 
of  workmen  were  employed  in  close  proximity  to  each  other,  very 
often  the  lamps  towards  the  center  of  the  shop  were  needed  while 
those  men  located  near  the  windows  were  still  provided  with  surfi- 
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•it  natural  light.    A  modification  of  the  original  wiring  arrange- 
ment   was,  therefore,  necessary  as  shown  in  part  (M  of  Fig.  (>.  giv- 
osiderably  more  flexibility  to  the  system  and  also  affording 
my  in  the  use  of  lamps  by  permitting  only  those  lamps  which 
arc  needed  at  any  one  time  to  be  turned  on. 
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6  (b) — PLAN  01  NIK  SAME 
PORY  SHOWN  IN  FIG.  6  (a), 
WITH  MODIFIED  CONTROL  AR- 
RANGEMENT, PERMITTING  KAMI'S 
K  windows  TO  BE  TURNED 
OF!  ■.'■  II  EN  I  HOSE  Al  '  ENTER  OF 
BUILDING    ARE    STILL    REQUIRED 


M.M.Vi 

The  problem-  of  mainten  ire  primarily  dependenl   upon 

the  physical  characteristics  of  the  lamp  to  be  used.     The  method 
of  in-tailing  lamps  has,  however,  quite  an  effe<  t  on  the  maintenance 


on    the    <  m     and     Maintenance      of      Factory 

Lighting  in  the  Journal   for   December,   191J,  p.    1082. 
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expense  through  the  ability  afforded  to  wiremen  and  lamp  trimmers 
to  get  at  the  lamps  for  repairs  and  upkeep  without  any  very  consid- 
erable difficulty.     This  problem  is  of  particular  importance  where 

the  ceiling  height  exceeds  from  [4  to  [6  feet.  Lamps  located  lower 
than  this  height  may  be  reached  with  comparative  ease  from  a  step- 
ladder.  Where,  however,  the  lamps  are  located  more  than  16  feet 
above  the  floor,  it  is  hardly  possible  to  use  a  stepladder  to  advantage. 
In  a  great  many  shop  locations  the  various  sections,  with  nearly 
all  ceiling  heights,  are  equipped  with  cranes  which  enable  the  lamp 
trimmer  or  repairman  to  reach  the  lamps  from  the  top  of  the  crane. 
In  those  cases  where  the  cranes  are  thus  used,  great  care  must  be 
exercised  to  prevent  accidents  to  the  wiremen  or  lamp  trimmers  by 
carelessness  in  getting  on  or  off  the  crane,  or  through  the  movement 
of  the  crane  while  the  men  are  at  work. 

Where  the  ceiling  height  exceeds  14  to  16  feet  and  up  to,  say 

20  to  25  feet,  and  where  there 
is  no  crane,  the  maintenance 
may  he  facilitated  by  mounting 
the  lamps  considerably  below 
the  ceiling  within  easy  reach  of 
a  ladder.  In  very  high  factory 
bays  up  to  50  and  70  feet,  it  has 
been  found  advantageous  in 
some  cases  to  build  a  small 
walkway  along  the  aisle  directly 
along  the  girder  line,  properly 
fig.  7— tungsten  lamp  and  reflec-     fenced,    for   use    of    the    lamp 

TOR,    WITH    WIRE    GUARD  •  i  •    ^«.__         rru;c- 

trimmers  and  wiremen.  1  nis 
expense,  while  somewhat  high  in  first  cost,  will,  in  the  case  of  large 
factories,  be  found  to  be  more  than  offset  by  the  prevention  of  acci- 
dents to  the  workmen  and  by  greater  ease  in  accomplishing  the  re- 
pair and  upkeep  work  of  the  lamps. 

In  some  cases  where  no  cranes  are  used  the  so-called  automatic 
cut-out  may  be  employed  to  advantage.  By  the  use  of  this  device 
an  arc  lamp  may  be  raised  and  lowered  by  means  of  a  rope  and  pul- 
ley, and  as  soon  as  the  lamp  is  lowered,  it  is  automatically  discon- 
nected from  the  circuit.  In  this  way  lamps  may  be  placed  in  a  posi- 
tion where  they  may  easily  be  trimmed  and  the  lamp  is  entirely  dis- 
connected from  the  circuit  while  being  trimmed. 

Precautions  Against  Breakage  and  Falling— Precautions  against 
the  accidental  breakage  and  falling  of  lamps  and  accessories  have 
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become  all  the  more  necessary,  due  to  the  general  use  of  a  larger 
number  of  lamp-  for  given  floor  arras  than  ha-  heretofore  been  the 
»e.  In  tungsten  systems,  for  example,  where  glass  reflectors  are 
employed,  it  has  been  found  in  some  locations  that  a  small  wire 
guard  can  he  employed  to  advantage  as  shown  in  Fig.  7,  this  guard 
being  such  as  to  prevent  fragments  of  glass  from  tailing  in  case 
the  reflector  is  broken,  or  the  dropping  of  the  reflector  in  case  it  is  ac- 
cidentally released  from  the  holder.  In  the  locations  referred  to, 
this  device  is  used  for  all  sizes  of  lamps  in  the  shop  ahove  the  60-watt 
size.  and.  where  150-watl  tungsten  lamps  and  over  are  used,  an  addi- 
tional precaution  i<  employed;  namely,  the  supporting  of  the  shade 
holder  directly  from  the  ceiling  by  means  of  two  chains,  where  the 
lamp  ordinarily  would  be  suspended  by  flexible  cord  connected  di- 
rectly to  the  rosette  and  the  socket.     This  feature  is  shown  in  Fig. 

8,  which  shows  a  lamp  of  the  500-watt  size 
supported  by  two  small  chains  connected  on 
either  side  of  the  shade  holder. 

Arc  lamp  globes,  in  like  manner,  should  he 
surrounded   by  wire   netting   for   similar   rea- 
sons, and  lamps  of  considerable  weight  should 
always  he  suspended   by   means  of   positively 
ne  fittings  so  that  there  may  be  no  danger 
from   falling.     It  may  he  stated  that,  in  con- 
Mi'  nection  with  glass  reflectors  and  incandescent 
11   lamps,  a  suitable  shade  holder  has  somewhat 
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to  do  with  the  prevention  of  falling  reflectors. 
The  old  type  of  shade  holder  made  use  of  three  small  set  screws 
which,  after  the  reflector  had  been  inserted,  were  screwed  up  against 
neck.  This  scheme  is  open  to  the  objection  that  if  these  screws 
are  set  tightly  against  the  reflector  when  cold,  after  it  has  become 
heated  the  expansion  of  the  glass  may  he  sufficient  to  cause  the  re- 
flector to  crack  under  the  -train  of  the  set  screws.  A  new  type  of 
-hade  holder  make-  use  of  a  spring  clip  which  will  expand  as  the 
reflector  becomes  heated,  thus  practically  obviating  the  breakage  just 
referred  I 

PARATE  LIGH1  [NG  '  IR<  HITS 

In  the  installation  of  new  lighting  systems  in  old  shops  where 
the  new  lamps  replace  an  older  or  inferior  system,  there  is  often 
the  temptation  to  supply  the  lamps  from  old  circuits  which  may  he 
entirely  inadequate   for  the  energy  requirements.     Some   shops  in 
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which  the  scheme  of  using  old  circuits  was  tried,  very  soon  realized 
the  difficulties  invoked  and  have  provided  adequate  feeder  supply 
circuits  for  the  lamps. 

Another  feature  to  be  considered  is  that  of  running  motor  loads 
on  lighting  circuits.  In  machine  shops  particularly,  the  motor  load 
is  exceedingly  variable  and  at  times  will  cause  an  excessive  drop  in 
voltage  on  the  lines.  It  is  urgently  recommended,  therefore,  that 
wherever  possible  lighting  circuits  should  be  entirely  separate  from 
motor  circuits  so  as  to  insure  constant  voltage  from  zero  to  full 
lighting  load. 

Another  feature  which  should  be  given  close  attention  is  that 
of  providing  adequate  wiring  capacity  not  only  for  present  require- 
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FIG.    9 — SMALL    PORTION     OF    TYPICAL    WIRING     MAP,    SHOWING     SCHEME     FOR     LO- 
CATING    MAINS     AND     CONNECTIONS 


ments  but  for  any  future  needs  which  may  be  later  brought  into 
service.  A  wiring  map  of  one  factory  section  is  shown  in  Fig.  9 
which  was  drawn  up  in  order  to  rectify  and  improve  conditions 
which  could  not  be  investigated  with  any  satisfaction  by  a  casual 
inspection  of  the  mains  on  the  ceiling.  After  carefully  sketching 
the  arrangement  of  these  wires  and  reducing  the  same  to  a  drawing, 
it  was  found  quite  simple  to  work  out  certain  changes  and  modifica- 
tions to  improve  the  conditions. 

ECONOMY  IN  USE  OF  WIRING  MATERIAL 

Where  large  shop  areas  are  to  be  equipped  with  lighting  sys- 
tems, care  should  be  exercised  to  secure  economy  in  the  use  of  all 
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wires,  moulding,  conduit,  and  the  like.  If  the  illumination  design  is 
turned  over  to  the  wiremen  showing  only  the  location  of  lamps  with 
no  a  as  to  the  lengths  of  conduit  and  the  best  fittings  for 

i  ise,  there  is  a  tendency,  after  the  materials  have  been  placed 
(.'ii  the  floor,  t<>  mis  judgment  in  connection  with  the  cutting  of  wires 
■  'Tiihiit  lengths.  The  design  should,  therefore,  always  be  gone 
over  carefully  by  the  head  wiremen  for  the  purpose  of  ascertaining 
the  best  method  of  procedure  in  the  location  of  moulding  and  switch 
circuit-  SO  as  to  reduce  the  actual  material  used  to  a  minimum. 
This  is,  of  course,  a  point  of  particular  importance  in  those  cases 
where  iron  conduit  is  used  in  large  quantities  and  where  accurate 
fitting-  are  necessary  in  order  to  make  the  various  lengths  join  up 
properly  at  the  condulet  openings.  A  prearranged  plan  of  the  con- 
duit with  accurate  measurements  on  the  drawing  to  indicate  the  vari- 
ous length-  and  the  besl  available  titling-  on  the  market  for  the 
various  joint-  will,  of  course,  tend  to  avoid  waste. 

A  word  may  be  -aid  in  passing  as  to  the  advantage  of  perma- 
nent as  opposed  to  temporary  wiring  work.  It  is  a  temptation,  es- 
pecially in  shops,  to  hang  up  the  wires  carele--ly  and  at  best  in  a 
temporary  manner.  Very  often  the  wires  will  extend  from  one 
girder  to  another  in  such  a  way  that  a  ladder  employed  for  other 
work  in  the  section  i-  thrown  against  these  wires,  perhaps  damaging. 
if  not  altogether  destroying  the  connections.  Furthermore,  the 
wires  may  be  installed  in  such  a  confused  manner  that  additions  to 
the  i  are  made  very  difficult  through  inability  to  locate  supply 

circuits  or  connections  that  are  desired.  It  is  therefore  exceedingly 
advisable  to  exercise  a  little  additional  care  by  installing  the  wires 
in  a  permanent  and  <-y-tematic  form. 

rLTIPLE  VI  SYSTEMS  IN   THE  SHOP 

Much  may  be  -aid  in  favor  of  the  adoption  of  a  series  system 
lighting  for  outdoor  service,  both  on  account  of  the  simplicity 
the  wiring  connection-,  and  in  the  comparatively  low  cost  of  in- 
'lation.     In  the  shop,  however,  two  features  must  be  considered 
in  connection  with  the  choice  between  multiple  and  series  arrange- 
ment-.    The  fir^t  of  these  is  the  fact  that  where  series  systems  are 
u.^ed.  a  large  area  of  floor  space  i-  apt  to  be  lighted  from  one  circuit 
.  in  which  event,  if,  say  during  the  night  turn  one  or  two 
men  are  at  work  in  a  single  section,  all  the  lamps  in  the  series  must 
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be  turned  <>n  in  order  to  furnish  light  for  these  men.  'This  results 
in  an  excessive  waste  of  energy.  A  multiple  or  multiple-series 
arrangement  of  lamps  permits  one  or  more  upits  to  he  placed  on  a 
switch.  Secondly,  the  series  system  is  usually  associated  with 
comparatively  high  voltages  so  that  the  risk  to  the  wiremen  is 
greater  when  handling  such  circuits  for  repair  or  upkeep  than  in 
those  cases  where  a  low  voltage  multiple  circuit  is  used.  The 
distances  to  be  covered  are  also  usually  not  great  enough  to  secure 
any  particular  advantage  for  a  series  system.  It  will  generally  be 
found  advisable,  therefore,  to  install  multiple  circuits  for  industrial 
purposes. 

The  protection  for  wiremen  and  lamp  trimmers  is  a  large  item 
and  should  be  carefully  heeded.  In  those  cases  where  series  circuits 
are  already  installed  or  must  be  used  due  to  the  choice  of  the  shop 
manager  or  wiring  foreman,  care  must  be  exercised  to  provide  ade- 
quate cut-outs  at  each  end  of  the  circuit  so  that  in  no  case  will  the 
wires  be  alive  when  the  lamp  trimmer  is  at  work. 

MINOR  ITEMS 

Much  has  been  said  during  the  past  few  years  in  connection 
with  the  use  of  tungsten  lamps  for  industrial  locations.  For  shop 
locations  of  more  than  one  floor  where  the  ceiling  height  is  moder- 
ate, tungsten  lamps  have  been  used  in  large  numbers.  Devices  have 
been  put  on  the  market  for  reducing  the  shock  or  vibration  trans- 
mitted to  the  lamp  from  the  ceiling.  In  some  cases  these  shock  ab- 
sorbers are  quite  elaborate.  It  has  been  found,  however,  in  large 
shop  tungsten  systems  that  a  small  piece  of  flexible  cord  from  one 
to  two  inches  in  length  connected  between  the  rosette  at  the  ceiling 
and  the  socket,  is  sufficient.  The  maintenance  of  tungsten  lamps 
thus  equipped  has  been  exceptionally  low.  In  general,  even  under 
the  worst  shop  conditions  this  latter  scheme  is  practically  all  that 
is  necessary  in  order  to.  keep  the  breakage  of  tungsten  lamps  down 
to  a  normal  amount,  particularly  since  the  recent  marked  improve- 
ments in  the  filament  and  method  of  mounting  the  filament. 

Where  lamps  must  be  mounted  near  belting  it  will  often  be 
found  necessary  to  depart  from  the  locations  as  given  on  the  illumi- 
nation design.  Line  shafting  in  such  cases  will  sometimes  interfere 
with  the  prescribed  location,  and  in  no  case  should  the  lamps  be  sup- 
ported so  close  to  the  pulley  that  there  is  danger  of  lamp  breakage 
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from  flying  belts.  In  some  cases,  however,  there  is  such  a  small 
clearance  between  one  line  shaft  and  the  next  that  it  is  necessary  to 
mount  the  lamps  rather  closer  than  would  otherwise  be  deemed  ad- 
visable.   Where  tungsten  lamps  arc  suspended  in  such  locations  by 

.ililc  c>>r<l.  this  conl  should  be  enclosed  in  an  iron  pipe  rigidly  con- 
nected to  the  ceiling. 

*  0N<  LUSIONS 

In  the  foregoing  some  o\  the  various  items  associated  with  lamp 
installations  have  been  indicated.  In  general  the  common  sense  of 
experienced  wiremen  will  go  much  further  than  set  rules.  The  ob- 
•:,  however,  in  leaving  the  matter  solely  to  the  judgment  of  the 
wiremen  is  in  the  likelihood  of  a  lack  of  appreciation  of  the  import- 
ance oi  an  exact  location  of  lamps  according  to  a  design.  Such  men 
often  think  that  a  departure  of  six.  eight  or  twelve  inches  one  way 
or  another  in  locating  the  lamps  will  not  materially  affect  the  illumi- 
nation results.  In  fact,  their  argument  is  often  based  solely  on  hang- 
ing the  lamps  to  the  best  advantage  without  respect  to  the  illumina- 
tion effect.  It  is  for  thi^  reason  that  a  hint  is  given  regarding  the 
checking  up  of  lighting  plans  on  the  ground  by  the  designing  en- 
gin-  the  installation  is  being  made,  to  ascertain  that  everything 
i-  in  accordance  with  the  prearranged  design. 

In  no  ca^c.  therefore,  should  a  variation  from  an  exact  lighting 
plan  be  allowed  except  in  special  cases,  and  even  here  a  check  should 
he  made  after  the  change  has  been  granted  in  order  to  ascertain  that 
the  results  come  within  prescribed  limits. 

In  general,  economy  doe-  not  result  from  cheap  wiring  and 
"ing  the  lamps  in  what  may  he  called  the  easiest  mechanical 
way.  Careful  installation  work  and  the  placing  of  the  lamps  so  that 
they  are  easily  accessible,  for  maintenance  and  upkeep,  although  call- 
ing in  many  i  a  higher  expense,  are  items  which,  if  heeded, 
more  than  compensate  for  the  slightly  higher  first  cost. 


METHODS   OF   CALCULATING   ILLUMINATION 
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E     B.  ROWE 

While  nothing  radically  new  is  claimed  for  the  following  discussion,  il  is 
believed  that  those  having  to  deal  with  lighting  problems  will  find  something 
of  value.  No  attempt  is  made  to  cover  special  problems,  the  methods  given 
being  limited   in   application   to  .    halls,    offices,    factories    and    similar 

classes  of  lighting  service.  It  is  assumed,  furthermore,  that  the  reader  is 
acquainted  with  the  common  electrical  terms,  the  photometric  curve  and  its 
derivation,  the  various  kind-  of  incandescent  lamps,  their  commercial  'dzes 
and  ratings,  and  are  sufficiently  versed  in  illumination  to  recognize  the  neces- 
sity of  equipping  incandescenl  lamps  with  proper  globes  or  reflectors. 

A  brief  summary  of  the  common  definitions  of  important  illumination 
terms  is  given  below.  The  definitions  apply  to  incandescent  lamp--  primarily, 
though  many  of  them  are  equally  applicable  to  any   I  irm  ol   lighl   source. 

Light   is   radian;    energy  which   affects   the  optic   nerves   and   causes  the 
sation  of  sight.     It  is  propagated  through  space  exactly  as  is  heat  energy 
or   radiant   heat. 

Candle-Power  is  intensity  of  light  and  is  the  same  at  all  distances  from 
a  lamp  in  any  given  direction.  I:  i--  generally  measured  in  terms  of  the  In- 
ternational candle,  by  means  of  an  instrument  called  the  photometer. 

.1  Photometric  Curve  of  any  light  unit  is  a  diagram  which  represents 
graphically  the  variation  in  candle-power  of  the  unit  a;  different  angles  in 
any  one  plane.  Usually  this  is  a  mean  vertical  plane  and  the  candle-power 
at  any  angle  is  the  length  of  the  radius  vector  at  that  angle. 

Mean  Horizontal  Candle-Power  is  the  average  intensity  in  all  directions 
on  the  horizontal  plane  when  the  lamp  i-  in  a  vertical  position.  Lamps  were 
formerly  rated  in  terms  of  this  value — for  example,  the  l6-candle-power 
carbon  lamp. 

Watts    per    Candle    is    the    quotient    obtained    by    dividing    the    wattage 
of  a  lamp  by   its   mean   horizontal   candle-power.     This   is   a   measure  of   the 
efficiency  of  the  lamp— for  example,  a  40  watt  tungsten  lamp  giving  32.5  m 
horizontal   candle-power   is   said   to   have  an  efficiency  of  [.23  (i.e.  40-T-32.5) 
watts  per  candle. 

Illumination  is  the  effect  resulting  from  light  as  a  cause,  i.  e..  light  falling 
upon  an  object  renders  it  visible  by  illuminating  it. 

The  Foot-Candle  is  the  unit  of  intensity  of  illumination  and  is  given  by 
one  candle-power  at  a  distance  of  one  foot  on  a  plane  perpendicular  to  the 
ray  of  light. 

The  Plane  of  Illumination  is  an  imaginary  plane  usually  horizontal  and 
taken  as  two  feet,  six  inches  above  the  floor,  the  ordinary  de-k  and  table 
level. 

Mounting  Height  is  the  distance  from  the  center  of  the  lamp  to  the 
Plane  of  Illumination,  unless  it  is  distinctly  stated  as  mounting  height  above 
floor. 

Flux  is  quantity  of  light. 

The  Lumen  is  the  unit  of  flux,  and  is  that  quantity  of  light  which  will 
give  an  illumination  of  one  foot-candle  over  an  area  of  one  square  foot. 
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>er   Watt   is   another  waj    of   expressing   efficiency   and   is   the 

tal  lumens   from  ;i  lamp  l>y  the  wattage 
-  given  as  Watts  per  Lumen  which  is  the 

per  Watt  means  the  flux  per  watt  which  is  effective  or 
-.  illumination  on  the  gh  en  plane. 

EMPIRICAL  methods  of  calculating  and  designing  lighting  sys- 
tems have  been  in  use  for  many  years  and  have  been  suffi- 
ciently exact  i"  meel  commercial  requirements.  To  be  sure, 
they  have  been  based  on  estimates  as  well  as  experience,  but  with 
tin  nee  in  the  art,  engineering  data  and  science  have  largely 

replaced  the  former  and  haw  facilitated  an  intelligent  application 
the  latter.    Such  empirical  methods  always  have  limitations,  how- 
r,  which  should  be  thoroughly  understood  and  allowances  made 
if  necessary.    Specific  empirical  limitations  are  given  in  Table  1. 

TABLE  1-PERCENT  LUMENS  EFFECTIVE 
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To  ny  illumination  problem,  it  is  necessary  to  know  how 

many  lumen-,  i.  e.,  toot-candle-  per  square  foot,  are  required  to 
e  the  needed  intensity  under  the  existing  conditions  and  with  the 
particular  lamp  and  reflector  equipment  selected. 

For  example,  assume  a  large  modern  laundry,  dzc  40  by  80  feet, 
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with  concrete  ceiling  and  walls  finished  in  light  gray.  For  the  char- 
acter <>r  work  carried  on,  three  foot-candles  average  will  be  ample, 
allowing  for  some  depreciation.     Hence,  the  total  effective  lumens 

required  is  <;Ux>,  (three  times  the  area,  3200  sq.  i"t.).  This  means 
that  of  the  total  light  from  all  the  lamps  installed,  9600  lumens  must 

reach  the  plane  of  illumination,  either  directly  or  by  reflection  from 
ceiling  and  walls. 

The  next  step  is  to  determine  how  many  lamps  of  a  given  ^ize 
and  kind  will  give  these  results.  Obviously  much  depends  on  the 
reflector  or  globe  used  with  the  lamps,  and  "ii  its  absorption  and 
type  of  distribution.  With  poor  reflecting  surface  on  ceiling  and 
walls  it  is  conducive  to  efficiency  to  re-direct  most  of  the  light  at  the 
lam])  so  that  it  is  thrown  directly  to  the  working  plane.  By  so  doing, 
the  amount  of  light  reaching  and  absorbed  by  the  walls  and  ceiling 
is  a  minimum.  On  the  other  hand,  in  cases  where  the  ceiling  and 
walls  are  light  in  color  and  have  a  high  reflection  value,  it  may  be 
desirable  to  use  a  reflector  with  considerably  lower  absorption  but 
which  transmits  more  light  to  the  wall'-  and  ceiling,  whence  some  of 
it  reaches  the  plane  of  illumination  by  diffuse  reflection  and  an  equal 
or  greater  total  illumination  efficiency  is  obtained.  Obviously  the 
best  reflector  will  always  be  that  one  having  the  most  re-direction 
and  control  of  light  in  proportion  to  the  total  absorption,  because 
light  reflected  from  ceiling  and  walls  decreases  markedly  as  they 
become  soiled.  Just  enough  light  should  be  transmitted  through  the 
reflector  in  upward  directions  to  provide  a  low  illumination  on  the 
upper  walls  and  ceiling  and  give  that  light,  cheerful  aspect  which  is 
so  desirable  in  any  working  surroundings. 

It  is  quite  evident  that  minimum  possible  absorption  is  not  usu- 
ally the  criterion  upon  which  the  selection  of  a  reflector  should  be 
based.  Absorption  is  largely  dependent  upon  shape  as  well  as  on 
the  material  from  which  the  reflector  i^  made  and  the  finish  of  it^ 
surface.  A  nearly  flat  reflector  of  metal  or  dense  opal  will  show 
less  loss  of  light  by  absorption  than  a  deep  bowl  of  the  ^ame  ma- 
terial. A  flat  prismatic  gla<s  or  light  density  opal  reflector  may  have 
an  absorption  as  low  as  three  or  four  percent,  whereas  dee])  reflec- 
tors of  the  same  material  will  average  about  fifteen  percent.  This 
is  simply  because  the  flat  shape  intercepts  far  less  light  than  the 
bowl  shape  and  consequently  the  total  light  from  the  lamp  and  re- 
flector is  greater.  Obviously  the  flat  type  of  reflector  does  ii"t 
screen  the  lamp  filament  as  does  the  deep  bowl  shape  and  the  use 
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of  the  former  types  is  therefore  limited  because  of  bad  glare  effects. 
The  strain  and  often  permanenl  injury  resulting  from  the  exposure 
■  brilliant  light  sources  is  now  well  recognized  and  the 
in.-  use  of  bowl  type  reflectors  is  coincident  with  tin-  wide 

spread  use  of  tungsten  lamps  in  commercial  and  industrial  lighting. 
Flat  types  are  to  be  discouraged  unless  they  are  mounted  high,  or 
in  which  arc  infrequently  used.     All  of  the   following  re- 

marks arc  based  on  the  use  of  deep  bowl  reflectors. 

Returning  to  the  problem  and  conceding  that  reflectors  are  nee 

-.iry.  how  can  the  number  and  >izc  of  lamps,  to  give  the  required 

oo  effective  lumen-,  be  determined?     This  is  where  experience 

and  the  results  of  numerous  tests  combine  to  give  an  answer.    Data 

are  available  on  numerous  installations,  actual  commercial  installa- 

TABLE    II     PERFORMANCE    DATA    ON    100-125    VOLT  TUNGSTEN 
I. AMI'S  AT  "HIGH"   i.l  FICIENCY  OR  TOP  VOLTAGE 
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127.0  1.4 

221.2  1755 
354 

442.  349. 

pecial  test  installations,  and  from  these  have  been 
deduced  working  constants  giving  the  "effective  lumens  per  watt" 
tungsten  lamps  with  various  kind-  of  glass  and  metal  reflectors, 
shown  in  Table  I.    As  defined  above,  "effective  lumens"  is  the 
f  total  flux  from  the  lamp  which  is  effective  in  producing 
illumination  on  the  desired  plane,  that   is,  the  useful  working  light. 
Thi  up  of  direct  light,  and  light  reflected  from  walls,  ceil- 

ing and  in  other  way-,  and  it  is  largely  on  the  relative  proportions 
these  that  th<  ncy  of  any  lighting  system  depends.    Thus  a 

ally  indirect  method  is  the  least  efficient,  semi-indirect  or  semi- 
direct  a  little  more  efficient  and  totally  direct  most  efficient.     This 

the  use  of  properly  designed  and  arranged  reflec- 
tor- in  each  with  poor  reflectors  and  carbon 
lamps  may  easil                    efficient,  that  is,  have  a  lower  "effective 
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lumens  per  watt,"  than  a  good  indirect  system  with  tungsten  lamps. 

The  point  has  now  been  reached  where  the  type  of  reflectors 
can  be  selected.  Being  a  laundry,  opaque  metal  reflectors  arc  n<>i 
the  firsl  choice,  although  they  could  be  used.  A.s  there  are  no  spe- 
cial appearance  requirements  beyond  providing  cheerful  surround- 
ings, clear  prismatic  reflectors  can  be  used,  as  having  maximum  effi- 
ciency and  being  easiest  to  install  correctly.  The  assumption  re- 
garding color  of  ceiling  and  walls  was  a  light  gray  on  rough  con- 
crete, and  hence  the  column  of  Table  I  headed  "Medium  Ceiling  and 
Medium  Walls,"  should  he  used.  Opposite  "Clear  Prismatic"  is  the 
"constant,"  48,  that  is.  48  percent  of  the  total  lamp  lumens  are  use- 
ful under  the  assumed  conditions.  The  total  lumens  in  lamps  which 
will  he  required  C  therefore  o<>00  divided  by  O.48  or  20000  total 
lumens.  The  number  of  tungsten  lamps  required  is  then  determined 
by  dividing  this  total  by  the  total  lumens  for  a  single  lamp.  For 
convenience  the  performance  data  on  the  present  si/e>  of  standard 

TABLE   III— LAMPS   REQUIRED  TO  GIVE  20000  LUMENS 
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100-125  volt  tungsten  lamps  is  given  in  Table  II.  From  this  it  may 
be  seen  that  to  produce  20000  total  lumens  will  require  lamps  as  in 
Table  til. 

Now  the  question  is — which  size  of  lam])  shall  he  used?  The 
minimum  size  gives  best  diffusion  and  least  shadow  effect,  while 
the  maximum  size  costs  less  to  install  and  maintain,  and  it  is  in  strik- 
ing a  satisfactory  halance  between  these  opposing  requirements  that 
the  experience  factor  is  brought  to  hear.  In  tin-  instance,  maximum 
diffusion  is  not  required  and  the  >ize  of  lamp  may  he  governed  by 
architectural  restrictions  in  so  far  a-  they  may  make  a  certain  ar- 
rangement of  outlets  desirable. 

Assume  that  concrete  ceiling  beams  are  spaced  20  feet  apart, 
making  a  total  of  three,  and  giving  four  ceiling  hays  each  20  by  40 
feet  in  size.  As  there  is  always  a  gain  in  appearance,  and  sometimes 
a  decrease  in  wiring  cost  by  adopting  an  arrangement  of  outlet- 
symmetrical  with  respect  to  the  ceiling  bay,  the  working  unit  in  this 
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I  in  size.  From  an  inspection  of  Tabic  111.  it  is 
i  1»\ i< <n>  that  the  500  and  400  watt  lamps  arc  n< »t  suitable.  Eight 
«'t'  the  250  watt  lamps  might  be  used  bul  this  would  reduce  the  total 
wattage  to  somewhat  less  than  that  required  on  our  assumption  of 
thn  [Tien,  too,  this  would  call  for  outlets  in  the  cen- 

ters of  2  nan  s,  bringing  the  lamps  everywhere  ten   Feet 

from  the  walls,  a  disadvantage  likely  to  be  serious  it"  work  is  to  be 
performed  t<>  the  walls.     Going  next  to  the  150  watt  lamp  it 

will  In.  found  that  this  size  suits  the  conditions  exactly.    Table  111 
sixteen  150  watt  lamps  as  being  the  number  required.     This 
alii  natural  hay.  or  two  for  each  half  bay,  20  by  _><>  feel 

in  si7.e.     The  problem  now  is  to  locate  these  two  outlets  per  square 
that  side  outlets  are  the  minimum  permissible  distance   from  the 
walls,  and  the  distance  between  outlets  is  as  near  alike  as  possible. 


SFr 
-0- 

14  Ft 

O 

■0- 

<> 

\                     SF. 

<> 

^ 

<>- 

<> 

-    80  Ft —  — n 

I — LA1  FOR   A   TYPICAL   ILLUMINATION    PROBLEM 

Arr  to   give   required    number 

f  lamps,  taking  into  c  msideration   the 
iling  beams. 

Having  drawn  tl  b)  40  fool  space  to  scale  and  indicated  the 

s  and  half  hay-,  it  will  be  found  that  two  outlet-  on  the  diagonal 

at  the  center  of  each  half,  will  give  the  arrangement 

led.     This  arrangement  is  shown  in  Fig.  1.     It  will  be  noted  that 

outlets  are  in  the  form  of  squares  14  feel  on  a  side,  being  in  four 

•  apart  with  unit-  20  feet  apart  in  rows,  bul  staggered. 

This  brings  the  outside  units  only  five   feel   from  the  walls,  which 

■■  "• 

The   selection  of  the  correct   reflector  and   the   right   mounting 

height    is   a  comparative^  matter.     Prismatic    reflectors    are 

ailable   in   three   types  giving  three   carefully   calculated    distri- 

buti  r  photometric  curve-.    These  three  characteristic  distribu- 
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tions  for  prismatic  reflectors  are  shown  in  Fig.  _\  where  A  i>  the 
distribution  of  the  bowl-frosted  lamp  without  reflector,  B  the  same 
lamp  when  equipped  with  the  extensive  type  reflector,  C  with  inten- 
sive type,  and  /'  with  focusing  type.  These  curves  all  give  about 
the  same  total  flux  of  light,  about  15  percent  less  than  the  lamp 
alone  (curve  A),  and  yel  their  zonular  distributions  arc  very  differ- 
ent,   the    focusing    type    confining 

mosl  of  the  light  directly  below, 
while  the  extensive  type  distributes 
the  light  broadly.  These  three  dis- 
tributions arc  based  on  theoretically 
derived  curves  to  give  uniform  il- 
lumination under  fixed  relations  of 
mounting  height  and  spacing  dis- 
tance between  outlets,  and  the 
three  types  of  reflectors  arc  availa- 
ble for  all  sizes  of  lamps,  each  giv- 
ing these  same  characteristic  dis- 
tributions. These  fixed  relations 
or  '  'Spacing  Constants"  arc  indi- 
cated for  prismatic  reflectors  in 
Table  IV.  It  should  be  understood 
that  uniform  distribution  can  be 
secured  from  any  of  these  reflec- 
tors by  mounting  the  lamps  higher 
than  indicated  by  Table  IV.  This 
will  give  still  greater  diffusion  of 
light,  but  ordinarily  at  the  expense 
of  light  efficiency. 

Knowing    the     spacing,     in     this 
case    just    determined    as    14    feet, 

the  proper  mounting  height  ab 
type    reflector.  r     *  °         ° 

P — Same     lamp     with     focusing     the   plane,  and   hence    above   floor, 

type   reflector.  can    ,)e    cajcu]aU,1     for    each    ty])Ci 

and  the  one  selected  which  best  conforms  to  the  given  ceiling 
height — fifteen  feet  can  be  assumed  in  the  present  problem.  The 
selection  of  reflector,  or  determination  of  mounting  height  or  spac- 
ing, is  still  further  simplified,  however,  by  converting  the  constants 
in  Table  IV  to  a  graphical  relation  as  shown  in  Fig.  3.  This  gives 
a  maximum  range  of  mounting  heights  from  6  to  24  feet  above  the 


FIG.   _' — PHOTOMETRIC  CURVES   FOR 

PRISMATIC    RK.KU.t  TORS 

A — Bowl    frosted   tungsten    lamp. 
B — Same     lamp     with     extensive 

type   reflector. 
C — Same     lamp      with      intensive 
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floor,  ;m<l  spacing  between  outlets  from  2  to  23  feet.  The  method 
of  using  thi>  diagram  is  readily  apparent.  Knowing  either  the 
r  mounting  height,  the  corred  reflector  and  its  proper 
mounting  height  <>r  spacing  can  be  determined  at  a  glance.  <  >r  with 
the  type  of  reflector  determined,  the  spacing  for  any  mounting 
height  1-  fixed  at  once. 

BLE  IV     RATIO  I  >F  MOUNTING  HEIGHT     I  0  SPACING  !•'<  >U 
PRISMATIC  REl  LI  CTORS 

,.  .   .  .,    .  Ratio  of  Mounting  Height  (Above 

,>;-  "'   Prismatic  R  plane)  „,  Spacing 


nsive 
Intensive 


1/2 

4/5 

1  1  As 


Returning  to  the  installation  under  consideration  in  which  the 

14  feel  it  is  found  thai  extensive  type  reflectors  call  for  a 

mounting  height  of  about  9      Eeel  above  the  floor.    This  is  obviously 

too  low  to  secure  the  best  diffusion  and  minimum  shadows,  so  ref- 

nce  is  made  to  the  diagonal  in  Fig.  3  representing  the  intensive 

type  and  a  mounting  height  of  i.V--  feet  found.      This  gives  a  dis- 


i  .     AMI    FOCI 
,  n  PE  PR1SMATII    REFLECTORS 

tar  on<    fool  on  the  fifteen  foot  ceiling,  thus 

dropping  the  light  units  below  the  ceiling  be;         and  at  the   same 
time  placing  them  well  above  the  line  of  vision,  reducing  glare  to  a 

minimum. 

The  problem  then  is  solved  and  so  far  as  the  assumptions  are 
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concerned  such  an  installation  could  be  guaranteed  to  give  initial 
satisfaction,  except  thai  in  the  corners  ./  and  />'.  Fig.  t,  the  illumina- 
tion might  be  a  little  1<>\v  and  the  shadow  effects  unsatisfactory. 
This  could  be  remedied  by  adding  an  outlet  with  a  smaller  lamp  in 
each  corner.  It  should  he  realized,  however,  that  in  actual  commer- 
cial practice  other  important  features  require  consideration.  For  ex- 
ample, the  wiring  and  switch  control,  the  probable  depreciation  in 
efficiency  of  lamps,  reflectors  and  reflecting  surfaces,  and  the  fre- 
quency and  hot  method  of  cleaning. 

In  closing  it  seems  desirable  to  give  a  simplification  of  the  flux 
method  of  calculating  illumination  above  described,  eliminating  the 
use  of   "Total    Lumens"   and   substituting  "Effective   Lumens   per 

TABLE    V— LUMENS    PER    WATT  EFFECTIVE 
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Note. — This  table  is  hased  on  the  use  of  bowl-shaped  reflectors  and  bowl. 
»ted  tungsten  lamps  at   1.18  watts  per  candle  or  8.4  lumens  per  watt, 
:  that  figures  for  indirect  and  semi-indirect  units  hold  for  clear  bulb  lamp-;. 

Otherwise  based  on  the  same  assumptions  and  subject  to  the  same  limitations 

as  Table  T. 

Watt"  constants  for  the  "Percent  Lumen-  Effective"  given  in  Table 
I.  By  this  method,  the  "Total  Watts"  required  is  found  directly 
and  the  required  number  of  lamps  is  obtained  by  dividing  this  "Total 
Watts"  by  the  watts  per  lamp.  Table  V  gives  the  constants  to  be 
used  in  this  simplified  method.  It  is  deduced  from  Table  I  by  as- 
suming a  "Lumens  per  Watt"  efficiency  of  8.4  for  all  tungsten  lamps. 
Applying  it  to  the  problem  just  worked  out.  multiply  the  area 
1  3  200  sq.  ft.)  by  the  foot-candles  desired  (3)  as  before,  obtaining 
9600  effective  lumens  required.  Then  instead  of  dividing  by  0.48 
use  the  corresponding  constant  from  Table  V,  namely  4.0,  which 
gives  directly  the  total  watts  required.  2400,  or  exactly  16-150  Witt 
lamps.  This  method  is  obviously  more  generally  useful  as  it  is  easier 
to  remember  and  no  table  of  lamp  lumens  is  necessary. 


SERIES  TUNGSTEN  LAjWPS  FOR  STREET  LIGHTING 

H.  A.  HISSEY 

THE  lighting  of  streets,  boulevards,  parks  and  other  public 
places  naturall)  falls  into  two  general  classes,  utilitarian 
and  ornamental;  the  line  of  demarcation  being  somewhat 
indefinite.  Utilitarian  lighting  is  that  required  in  most  business 
distriets.  and  in  the  residence  sections,  parks  and  highways  where 
the  result  desired  is  the  illumination  of  the  roadway  s<>  that  travel 
by  night  may  he  safe  and  pleasant.  The  greater  number  of  street 
lighting  installations  are  of  this  class. 

'  Ornamental  lighting  is  employed  where  the  beauty  by  day 
and  the  spectacular  effect  at  night  i>  of  greater  importance  estheti- 
cally  or  as  a  business  producing  medium,  than  is  the  actual  phys- 
ical efficiency  of  the  illumination.  In  this  class  is  included  the 
"White  Way"  lighting  that  has  become  very  popular  in  the  last 
few  years,  using  tungsten  incandescent  lamps  and  occasionally  arc- 
Ian 

In  planning  a  new  street  lighting  system  or  improving  an  old 
one,  the  districts  to  he  lighted   should  he  carefully  examined  and 
subdivided.      Streets   in   each   subdivision   should   he  classified   ac- 
ding  to  the  amount  of  travel  on  them  and  the  requirements  for 
police  pur]  Retail  business  streets  and  main  arteries  of  night 

travel  should  he  picked  out  for  illumination  to  the  highest  inten- 
sity practicable,  then  the  wholesale  business  districts,  residence 
str<  uburban   streets   or   roads   which   are  little  used  at   night, 

parks,   boulevards   and   public   squares   classified   according  to   the 
amount  of  illumination  desirable.    Right  units  should  he  selected  and 
icing  arranged  to  fill  the  requirements  as  nearly   as  possible   in 
In  this  way  the  funds  available  for  street  lighting  will 
used  to  the  best  advantage,  providing  illumination  where  most 
needed  and  avoiding  the  unsatisfactory  effect    resulting   from  the 
'  light  source-  of  the  same  type  and  the  same  spacing  over 
practically  all  the  area  to  he  lighted. 

The  intensity  which  should  he  provided  and  the  character  of 
the  light  source  most  suitable  for  any  given  location  must  he  set- 
tled for  each  installation  with  reference  to  local  conditions.     Ade- 
quate  illumination   of   each   class   of   streets   at  a  minimum   annual 
e  object  to  he  attained,  and  great  care  must  he  exer- 
•  lecting  the  type-  and  power  of  the  light  sources  and  the 
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spacing  and  height  of  units  in  each  class  of  streets  to  produce  the 
maximum  effective  illumination  at  minimum  expense. 

When  an  ornamental  effect  is  desired  the  actual  efficiency  of 
the  system  becomes  a  matter  secondary  to  the  designing  of  a  sys- 
tem which  will  give  the  most  pleasing  effect  by  day  and  night,  and 
will  have  the  greatest  value  from  an  advertising  standpoint,  For 
situations  of  this  kind,  cither  arc  lamps  of  the  metallic  flame  or 
carbon  flame  type  are  available,  where  the  expense  for  their  installa- 
tion and  operation  can  be  met.  In  order  to  he  effective  these  lamps 
must  be  spaced  rather  close  together  and  on  high  poles,  though  the 
latter  requirement  may  lead  to  considerable  mechanical  difficulties. 
An  arc  system  for  this  service  leads  to  an  extravagant  use  of 
light,  and  may  result  in  such  high  intensities  that  the  effect  of  the 
sign  and  show  window  lighting  will  he  vitiated  to  a  considerable 
extent.  This  condition  must  be  guarded  against  as  much  as  pos- 
sible unless  the  window  lighting  standards  can  be  raised. 

Tungsten  lamps  mounted  on  ornamental  iron  standards  are 
well  adapted  to  this  spectacular  street  lighting  service.  Standards 
of  appropriate  design  which  bring  the  lamps  twelve  to  fifteen  feet 
above  the  sidewalk,  should  be  used  and  the  lamps  enclosed  in  dif- 
fusing globes.  From  one  to  five  lamps  are  used  on  each  standard. 
the  majority  of  systems  using  the  latter  number.  One-lamp  stand- 
ards, however,  are  in  many  cases  adequate,  and  in  better  keeping 
with  their  surroundings  and  from  this  standpoint  should  be  given 
careful  o  msideration.  The  use  of  one-light  standards  raises  a  question 
as  to  the  relative  merits  of  upright  and  pendant  globes,  and  the 
efficiencies  of  these  methods  of  lamp  and  globe  supports.  Artistic 
design  and  mechanical  construction  are  the  factors  for  prime  con- 
sideration in  deciding  these  questions.  In  installations  where  orna- 
mental lighting  is  used,  the  -tore  and  building  fronts  should  be  il- 
luminated, and  the  extra  light  in  the  upper  hemisphere  resulting 
from  using  globes  mounted  above  their  support  cannot  be  considered 
as  wasted.  Furthermore,  the  illumination  intensity  immediately 
around  the  post  is  usually  sufficiently  high,  so  that  the  light  cut  off 
by  the  base  of  the  lamp  support  is  not  a  serious  loss. 

Practically  all  ornamental  systems  using  tungsten  lamps  are 
supplied  with  power  from  the  commercial  mains  and  multiple  lamps 
are  used.  This  avoids  the  use  of  high  tension  circuits  in  the  metal 
standards  and  readily  permits  the  installation  of  a  few  posts  at  a 
time,  and  additions  and  changes  can  easily  be  made. 
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From  a  strictly  illumination  standpoinl  the  system  chosen 
should,  as  far  as  possible: — 

i  Furnish  a  sufficient  amount  of  light  on  the  roadway 
and  sidewalk  surface  of  such  intensity  and  uniformity  as  is  war- 
ranted by  the  character  of  the  street. 

Result  in  the  elimination  of  dense  shadows  and  sharp 
cont  if  light  and  shade. 

3  Reduce  the  effect  of  glare  to  a  minimum. 

4  Utilize  the  silhouette  effect. 

5  Produce  a  steady  light  of  uniform  and  pleasing  color. 

Street  intersections  being  the  point  of  greatesl  danger  should 
be  distinguished  b)  a  higher  illumination  intensity  and  by  a  change 

in  the  arrangement  of  the  lamps.     In  all  other  respects  the  more 
uniform  the  illumination  tin-  better  will  he  the  result,  particularly 

in  the  residence  districts  where-  a  low  average  intensity  is  used. 
Rapid  change-  from  bright  to  dark  areas  seriously  interfere  with 
the  adaptation  of  the  eye  to  either  intensity,  and  as  a  result  the  ef- 
fective light  reaching  the  eye  is  reduced  where  most  needed,  thereby 
increasing  the  danger.  Serious  eye  strain  may  also  result.  Uni- 
rm  illumination  of  the  street  surface  even  to  a  low  average  in- 
tensity greatly  increases  the  ease  with  which  one  can  see,  as  the 
entire  background  (the  street  or  road  surface)  against  which  an 
in  appears  is  more  uniform  and  the  silhouette  effect  more 
pronounced.  It  is  largely  for  this  reason  that  light  colored  road 
suri  are  more  easily  traveled  at  night,  and  require  a  lesser  in- 

tensity of  illumination  than  do  dark  surfaces  to  produce  the  same 
. -ical  effect.  An  extreme  example  of  this  contrast  is  shown 
by  a  heavily  oiled  street  in  its  natural  state  and  when  covered  with 
fresh  snow,  under  which  condition  the  effective  illumination  is 
much  higher. 

Large  units  are  not  well  adapted  to  residence  streets  which,  in 
many  localities,  are  lined  with  shade  trees;  the  foliage  cuts  off  a 
large  amount  of  light  from  these  units  which  must  be  mounted  at 
a  considerable  height  to  avoid  glare  and  to  secure  the  most  satis- 
factory light  distribution.  Also  where  streets  or  roads  are  crooked, 
or  the  contour  changes  rapidly,  large  units  should  not  be  used. 
Owing  to  the  cost  per  unit  and  the  necessarily  close  spacing  re- 
quired, the  total  cost  of  large  units  is  likely  to  be  excessive.  For 
wide  streets  and  business  districts  a  high  average  intensity  is  de- 
sirable, which  may  be  secured  economically  by  using  some  form  of 
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arc  lamp.     Streets  of  less  importance  should  be  lighted  to  a  lower 

intensity,  in  which  case  the  illumination  should  be  more  uniform, 
for  it  is  in  streets  of  this  class  that  vehicles  move  more  rapidly, 
and  the  eye  should  be  given  every  opportunity  to  properly  perform 
its  functions,  both  for  the  protection  of  the  pedestrian  and  the 
vehicle  driver.  Arc  lamps,  when  spaced  close  enough  to  produce 
sufficiently  uniform  illumination  to  achieve  this  result,  are  usually 
too  expensive  to  operate  on  streets  of  this  class,  and  the  intensit) 
is  higher  than  is  necessary. 

A  system  of  small  light  units,  economical  in  operation,  of  low- 
intrinsic  brilliancy,  giving  a  fairly  uniform  illumination  is,  there- 
fore, well  adapted  to  the  lighting  of  a  large  proportion  of  our  streets 
and  roads.  Series  tungsten  incandescent  lamps  fill  these  require- 
ments admirably.  Lamps  ranging  from  32  to  350  candle-power 
are  available,  so  that  by  arranging  the  spacing  and  selecting  the 
proper  candle-power  lamp,  almost  any  desired  result  may  he 
secured.  Because  of  their  lower  intrinsic  brilliancy  tungsten  lamps 
may  he  mounted  comparatively  low,  usually  below  the  lower  limbs 
of  shade  trees  so  that  all  the  light  is  available  for  illumination,  and 
at  the  same  time  there  will  be  little  likelihood  of  trouble  from  glare. 
The  light  from  these  units  is  pleasing  in  color,  absolutely  steady  and 
is  quite  uniform  throughout  the  life  of  the  lamp. 

Tungsten  lamp  street  fixtures,  consisting  of  bracket,  hood, 
radial  wave  reflector  and  lamp,  are  low  in  cost,  so  that  a  number 
of  units  may  be  installed  for  the  same  initial  investment  as  re- 
quired for  one  arc  lamp.  The  spacing  of  units  can  usually  be 
arranged  to  utilize  the  present  poles  where  an  overhead  arc  system 
is  being  replaced,  thus  reducing  the  initial  expense  to  a  minimum. 
While  the  efficiency  in  watts-per-candle  is  not  as  great  for  tung- 
sten lamps  as  for  the  newer  types  of  arc  lamps,  the  labor  and  re- 
placement cost  is  low,  making  the  net  annual  cost,  for  the  same 
minimum  intensity  and  in  many  cases  for  the  same  average  inten- 
sity, considerably  less.  An  idea  of  the  result  obtainable  with 
series  tungsten  lamps  as  compared  with  alternating-current  en- 
closed lamps,  for  instance,  is  best  shown  by  investigating  a  specific 
case. 

Consider  a  street  50  feet  wide  and  400  feet  between  intersect- 
ing streets,  with  one  alternating-current  enclosed  arc  at  each  in- 
tersection. Four  60  candle-power  tungsten  lamps  would  cost  about 
the  same  or  a  little  less  to  operate  per  year.     The  tungsten  lamps 


486  THE  ELECTRIC  JOURNAL 

mounted  twelve  feet  above  the  ground  on  four  foot  brackets 
.in»l  are  equall)  spaced  on  one  side  of  the  street.  Alternate  blocks 
have  the  lamp-  <>n  the  opposite  side  of  the  streel  so  thai  two  lamps 

provided  at  each  street  intersection  on  diagonally  opposite  cor- 
ners, thus  providing  a  higher  illumination  where  most  needed  as 
well  as  distinctly  marking  streel  intersections.  Along  the  center 
line  of  the  streel  the  comparative  illumination  on  a  horizontal  plane 
at  the  streel  surface  will  be  as  follows: — 

\n-  Tungsten 

\imum                            0.450  0.160 

imum  I                         o.oo]  0.035 

\\                                    0.057  0.082 

-  mum  to  Minimum 45"-  4'» 

Minimum  Tun              0   Minimum   Arc ■••  35 

These  figures  show  conclusively  some  of  the  advantages  of 
using  ten  lamps  in  place  of  arc  lamps,   where  a  com- 

parison of  the  systems  is  made  with  illumination  on  the  horizontal 
plane  as  the  basis.  Horizontal  intensity,  however,  is  not  the  only 
criterion.  When  shadows,  percent  of  light  emitted  reaching  the 
working  surface,  uniform  background,  glare,  visual  efficiency,  etc., 
nsidered,  the  advantages  of  the  small  unit  become  more  pro- 
nounced. Unfortunately  these  factors  cannot  be  stated  numer- 
ically. 

T    SERIES    TUNGSTEN    LAMPS 

Street  series  lamps,  as  their  name  implies,  are  used  .almost 
lusively  for  general  street  lighting,  being  operated  in  series 
with  other  lamp-  on  a  circuit,  the  currenl  in  which  should  be  main- 
tained at  a  constant  pre-determined  value.  This  method  of  opera- 
tion imposes  different  condition-  on  the  lamp  than  is  the  case  with 
lamps  operated  on  constant  potential  lighting  circuits,  and  neci 

>ign  differing  somewhat  in  general  construction  and 
method  of  rating  from  the  familiar  multiple  lamp.  Current  regu- 
lation should  be  as  cl<  possible,  as  any  considerable  increase 
in  current  will  inci           the  candle-power  of  the  lamp  with  an  in- 

-umption   and   lower  watts  per  candle,   hut    also 
materially   decr<  the   life,   which    means   an    increased    renewal 

ex:  to    the    similar  in    interior    lighting,    the 

lighting  company  n  no  benefit   from  the  extra  candle  power 

intensity  product  die  usual  method  of  payment  is  on  the  hasis 

of  a  flat  rate  per  lamp  year.     On    the    other    hand,    the    current 
uld  not  fall  much  below  normal,  as  the  candle-power  output  of 
the  lamp  will  be  less. 
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Street  lighting  contracts  arc  usually  based  on  the  candle- 
power  of  the  light  source,  which  allows  the  lighting  company  to 
take  advantage  of  the  development  of  more  efficient  lamps.  Tung- 
sten street  series  lamp-  arc,  therefore,  rated  in  mean  horizontal 
candle-power  and  current,  and  not  in  total  watts  and  volts  as  are 
the  multiple  lamps.  Series  tungsten  lamps  are  regularly  manu- 
factured in  seven  standard  sizes  and  arc  rated  as  32,  40,  6bj  80, 
100,  200  and  350  candle-power,  in  ampere  ranges  from  4  to  6.6, 
from  which  range  a  lamp  suitable  for  almost  any  location  may  be 
selected.  The  40  and  60  candle-power  lamps  are  most  generally 
used,  hut  many  32  and  some  25  candle-power  lamps  are  in  use, 
largely  on  systems  operated  under  old  contracts  where  tungsten 
lamps  have  replaced  the  old  carhon  series  lamp.  When  new  in- 
stallations are  made  the  60  and  80  candle-power  lamps  have  been 
chosen  as  well  adapted  for  general  use,  with  the  higher  power 
lamps  for  street  intersections  or  more  important  streets.  The  32 
candle-power  lamp  is  suitable  for  sparsely  settled  districts  or  little 
used  roads. 

Series  tungsten  lamps  have  also  been  used  to  a  considerable 
extent  on  arc  circuits  to  fill  in  between  arc  lamps,  and  they  have 
been  standardized  at  the  normal  arc  lam])  currents,  3.5.  4.0.  5-5>  ''•(l 
and  j.=,  amperes.  Some  lower  amperage  lamps  have  been  used  to 
>ome  extent  in  the  past,  hut  are  no  longer  standard.  The  4.0  and 
6.6  ampere  lamps  are  in  most  general  use  and  when  a  new  series 
tungsten  system  is  to  he  installed  lamps  of  either  of  these  amper- 
ages should  be  selected.  The  4.0  ampere  lamp  has  the  advantage 
of  lower  line  loss  for  the  same  size  conductor  and  is.  therefore, 
preferable,  other  considerations  being  equal. 

Physically,  street  series  lamps  differ  from  multiple  lamps  as 
they  must  be  designed  to  operate  at  a  predetermined  current  which 
is  usually  much  higher  than  is  ordinarily  used  in  multiple  lamps, 
even  of  the  largest  sizes;  that  is,  for  the  same  total  wattage  con- 
sumption, a  series  lamp  is  generally  designed  for  a  higher  cur- 
rent and  lower  voltage  than  a  multiple  lamp.  A  filament  of  lai 
diameter  and  short  length  is  therefore  necessary.  All  <\-/a-~>  of 
lamps  of  the  same  ampere  rating  have  filaments  of  practically  the 
same  diameter,  the  variation  in  candle-power  being  obtained  by 
changing  the  effective  length  of  filament.  Lamps  of  all  candle- 
powers  of  the  same  amperage  rating  may.  therefore,  be  burned  in 
series.     Owing  to  the  relatively  short  length  of  filament  in  series 
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lamps  there  arc  comparativel)  few  points  of  support.  Care  must 
be  taken  that  the  heat  conducted  from  the  filament  at  these  points  be 
a  minimum,  and  that  the  heat  so  conducted  from  the  filament  will  not 
vaj  the  anchor  material  or  soften  the  glass  arbors  thereby  al- 

lowing the  filament  t"  sag.  Bj  interposing  a  link  of  tungsten  wire 
between  tin-  filament  and  the  anchor  this  result  is  accomplished.  The 
link,  being  of  the  same  material  as  the  filament,  cannot  vaporize 
more  rapidly  than  the  filament  itself  and  the  area  of  the  link  is  so  ;ir 
ranged  that  most  of  the  heat  is  radiated  from  it  before  reaching 
the  anchor. 

Either  of  two  methods  may  he  used  for  supporting  the  fila- 
ment in  the  bulb,  depending  upon  the  length  of  filament  required. 
For  low  candle-power  lamps  only  a  single  and  comparatively  short 

p  of  filament  is  necessary.  In  this  lamp  each  end  of  the  fila- 
ment i-  wrapped  around  the  one  Ieading-in  wire  for  a  few  turns 
and  then  fused,  obtaining  a  flexible  joint,  with  positive  electrical 

••tact.  A  wire  arbor  carries  the  single  link  necessary  to  sup- 
port the  filament.  Lamps  of  higher  candle-power  require  a  longer 
filament,  which  is  supported  from  a  glass  arbor,  with  anchors  and 
linl 

Street  series  lamps  are  now  designed  for  1.1N  watts  consump- 
tion per  mean  horizontal  candle-power,  the  normal  life  being  1350 
hours,  when  operated  at  rated  current.  (  )n  an  all-night  every 
night  schedule  this  mean-  an  average  of  three  renewals  per  year 
h  unit  in-tailed.  In  addition  to  renewals  the  cost  of  opera- 
ting a  -treet  lamp  will  depend  on  the  cosl  of  power,  Hiiciency  of 
the  regulator  and  line,  labor  and  inspection  changes,  supervision, 
tax*  neral  expenses,   interesl   on   tin-  investment,  depreciation, 

which    should   he    fixed    somewhal    by   the   terms   of   the    franchise 
under  which  the  company  operates,  and  a  reasonable  profit  for  the 
rating  company.     As  the-    <  are  largely  dependent  upon 

the  local  conditions  the-  actual  cost  for  operating  any  given  size  of 
lamp  must  he  determined  in  each  ci 


SELLING    POWER    TO   LARGE    MANUFACTURERS 

A.  E.  RICKARDS* 

ONE  can  scarcely  pick  up  a  technical  publication  devoted  to 
things  electrical  without  finding  sonic  reference  to  the 
problem  of  selling  electric  power  to  manufacturers.  It  is 
natural  that  this  should  be  the  case,  first  because  of  the  many  ad- 
vantages a  manufacturer  can  gain  by  using  electric  service,  and  sec- 
ond because  of  the  de-ire  of  the  power  companies  to  build  up  their 
load-factor.  Those  who  have  given  this  subject  much  thought  ap- 
preciate the  fact  that  the  day  is  not  far  distant  when  practically  all 
manufacturer-  will  he  using  purchased  power. 

To-day  less  than  ten  percent  of  all  the  power  used  is  furnished 
by  power  companies,  so  the  possibilities  in  this  field  are  still  very 
great.  In  the  past,  arrangements  to  supply  power  have  been  made 
with  a  great  many  small  manufacturers,  but  only  moderate  success 
has  been  attained  with  the  large  ones.  This  must  be  attributed 
to  the  use  of  wrong  methods,  since  those  familiar  with  the  situation 
know  that  the  advantage-  are  Frequently  greater,  and  mean  more, 
to  the  large  manufacturer  than  to  the  small  one.  Many  power  corn- 
panic-  attempt  to  sell  their  power  by  showing  that  their  service  will 
be  cheaper,  which,  with  the  rate  quoted  by  the  average  power  com- 
pany, is  ordinarily  the  ca.-c.  But  there  are  several  other  factors 
which  should  be  given  equal  if  not  greater  consideration. 

The  cost  of  power  to  a  manufacturer  is  but  a  very  small  por- 
tion of  his  gross  expenses,  seldom  exceeding  three  percent,  and  in 
many  cases  being  less  than  one  percent.  Even  if  the  cost  of  power 
could  be  reduced  fifty  percent,  the  net  profits  might  not  be  increased 
more  than  one  percent.  But  if  the  production  can  be  increased,  even 
if  only  a  few  percent,  the  net  profit  may  be  increased  in  much  greater 
proportion.  If  the  power  companies  can  show  the  large  manufac- 
turers how  production  can  he  increased,  there  should  be  little  diffi- 
culty in  securing  their  business. 

Referring  again  to  the  cost  of  power  it  is  often  found  that  the 
manufacturer  does  not  know  the  total  number  of  kilowatt-hours 
generated  in  his  plant  per  year,  and  it  is  an  exceptional  case  if  he 
knows  the  correct  total  cost  per  kilowatt-hour.  This  being  the  case, 
to  conduct  negotiations  upon  the  basis  of  energy  cost  places  the 
power  company  at  a  disadvantage.  Xo  matter  how  low  a  rate  may 
be  offered,  the  manufacturer  will  not  appreciate  it  unless  he  has 
accurate  and  correctly  figured  records  of  his  costs  when  furnishing 
*Of  the  Industrial  Engineering  Company.  Pittsburgh.  Pa. 
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lr.--  own  power.  This  inability  to  secure  a  fair  comparison,  more 
than  anything  else,  is  responsible  for  the  difficulty  in  securing  the 
business  of  the  large  manufacturers. 

In  so  far  as  numbers  arc  concerned,  main  of  the  power  com- 
panies haw  done  remarkably  well  in  securing  business.  The  Fol- 
lowing figures,  covering  a  specific  case  which  came  under  the  notice 
of  the  writer,  represent  a  fair  average.  These  results  were  obtained 
by  a  power  market  analysis  of  a  manufacturing  center  having  a  pop 
nlati"n  of  45000  inhabitants: — 

I  Dumber  of  ]><>w<  r  users 207 

Number  using  power  company's  si  rvice 1 1 1 

Numb*  r  of  connected  users  in  percent  of  total  58.6 

Aggregati  horse-power  in  the  territory 20  988 

A                 horse-power  connected  to  power  company's  lines...  .">  77:{ 

Connected  horse-power  in  percent  of  the  total  is 

]  his  shows  that  while  the  power  company  has  been  quite  suc- 
;sful  in  securing  numbers  of  power  users,  having  over  fifty  per- 
cent of  the  total,  the  load  obtained  is  not  in  keeping  therewith,  as 
only  eighteen  percent  of  the  total  power  is  connected  to  the  com- 
pany's lines;  in  other  words,  the  small  users  have  been  signed  up, 
while  the  larger  users  have  not.  The  former  were  secured  on  the 
basis  of  reduced  cost  of  power.  But  this  apparent  difference  in  rela- 
tiv<  did  not  appear  to  be  sufficient  inducement  to  the  large  con- 

sumer a-,  in  the  f  the  large  plant  having  expensive  generating 

lipment,  the  COSt  feature  is  difficult  to  demonstrate.  The  owners 
usually  know  their  operating  costs  bul  "Men  do  nol  take  into  account 
their  fixed  charges  and  in  many  cases  assume  too  high  a  load  factor, 
which  cause  them  to  believe  that  their  cost  per  kilowatt-hour  is 
very  low. 

Inasmuch  a-  the  selling  juice  of  the  finished  article  ordinarily 
cannot  he  increased  on  account  of  competition,  and  the  cosl  of  labor 
and   raw  material  cannot  he  I,  the  onlj    step  remaining  to 

the  manufacturer,  to  insure  hi-  obtaining  a  legitimate  profit  on  his 

lie  manufacturing  cost  by  increasing  the  in 
ternal  efficierj  die  factory.     In  the  past,  in  order  to  meet  th< 

conditions,  more  efficient  machinery  ha-  been  installed  from  time  to 
time.    Thi-  1  rried  on  until,  in  many  industries,  the  capital 

account  has  grown  to  such  proportion-  that  the  fixed  charges  seri- 
•  from  the  gain  in  efficienc)  due  to  the  new  equipment. 
The  time  i-  now  at  hand  when  the  profits  must  he  obtained  by  in- 
creasing the  internal  efficiency  of  the  plant  without  materially  in- 
creasing the  investment. 

A-  an  illustration  of  this,  the  United  Stati  report  gi \  ■ 
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the  following,  concerning  the  nut  and  bolt  industry.     From  [900  to 

1905  the  number  of  companies  manufacturing  nuts  and  bolts  in- 
creased  twenty-two  percent.  The  total  capital  increased  seventy-five 
percent  and  the  demand  for  the  finished  product  increased  only  five 
percent.  An  analysis  of  these  conditions  is  given  in  Table  I.  From 
thi^  table  it  may  be  seen  that,  in  this  industry,  competition  increased 
faster  than  the  demand.  In  fact  the  average  value  <>\  the  product 
per  establishment  was  [3.9  percent  less  in  [905  than  in  [900  and 
at  the  same  time  the  capital  per  establishment  increased  43  percent. 
This  means  a  constant  decrease  in  the  net  profit.  To  maintain  the 
net  profit  about  constant  the  manufacturer  will,  in  the  future,  give 
more  attention  to  the  operation  of  his  machines  with  a  view  to  in- 
creasing their  efficiency  rather  than  by  buying  additional  machines. 
It  is  an  exceptional  factory  in  which  improvements  cannot  be  made. 
In  main-  shops  the  overhead  charges  upon  a  machine  tool  are  two 

TABLE  I— RATIO  OF  CAPITAL  TO  OUTPUT  IN  NTT  AND 

BOLT   INDUSTRY 


Number 

v                        of 
e,r            Establish- 
ments 

Capital 
per 
Establish- 
ment 

Total 
Output 

Value  of 
Product  per 
Establish- 
ment 

Percent 

Capital  to 

Value  of 

Product 

1900                  72 
t905* 

1150  000       $13  978  382 
215  000         14  687  108 

spil  mil) 
167  000 

77 
130 

Increase                16 

65  000 

7<>s  726 

27  OOOf 

fDecrease.  *Census  reports  on  this  industry  are  not  yet  available  for  MHO, 
but  conversations  and  correspondence  with  the  leading  men  in  the  industry  indi- 
cate that  the  ratio  of  capital  to  output  is  much  higher  than  in  1905. 

and  one-half  times  the  cost  of  labor,  so  that  special  attention  should 
be  given  to  getting  the  greatest  number  of  machine  hours  operation 
possible  from  each  machine,  or  in  other  words  to  make  the  plant 
produce  its  maximum  output.  This  does  not  mean  the  greatest  out- 
put based  on  the  number  of  machines  that  can  be  located  in  the 
plant,  but  it  means  maximum  output  per  machine.  To  accomplish 
this  requires  careful  investigation  along  industrial  engineering  lines 
in  order  to  determine  how  to  make  every  invested  dollar  earn  its 
greatest  possible  income.  A  careful  analysis  should  tell  what  is 
being  done  at  present  and  should  also  indicate  how  to  accomplish 
the  same  operations  more  economically,  or  how  to  employ  other 
operations  in  a  better  way  than  the  old. 

Industrial  engineering  methods,  properly  applied,  will  undoubt- 
edly assist  the  public  service  company  in  selling  power.  The  advice 
and  supervision  of  experienced  industrial  engineers  who  have  made 
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specialty  of  such  work  is  of  great  assistance  to  power  companies 
in  taking  up  the  various  problems  encountered  in  securing  large 
power  contracts.  The  results  of  a  thorough,  unbiased  investigation 
by  independent  engineers  has  in  many  cases  resulted  in  convincing 
large  manufacturers  of  the  very  substantial  advantages  to  be  se- 
cured by  turning  over  the  whole  question  of  power  supply  to  the 
I"  »wer  company. 

Selling  power  involves  two  problems,  viz.,  closing  contracts  for 
furnishing  current  to  entirely  new  factories,  and  arranging  to  supply 
current  to  concerns  which  have  heretofore  been  operating  their  own 
power  generating  apparatus.  The  first  problem  is  the  easier,  seldom 
requiring  more  than  the  presentation  of  suitable  arguments  regarding 
the  cost  of  power,  economy  of  space,  small  investment,  service,  etc., 
to  convince  the  factory  management  of  the  advantages  to  be  secured. 

A  typical  example  of  the  economy  of  purchased  power  for  new 
plants  is  shown  in  the  following  case.  Plans  were  under  way  for  a 
new  industrial  plant  whose  product  demanded  24  hour  service.  The 
owner  had  contemplated  driving  the  machinery  by  belts  from  line 
shafting.  The  engineers  who  had  been  retained,  after  studying  the 
situation,  recommended  motor  drive,  pointing  out  to  the  owner  the 
excessive  friction  and  slippage  losses  incurred  through  belting  and 
shafting,  and  the  advantageous  effect  upon  production  of  constant 
normal  speed,  and  the  many  interruptions  caused  by  belt  breakage, 
which  in  a  process  requiring  constant  service,  become  a  serious  prob- 
lem. Motor  drive  having  been  decided  upon,  the  source  of  current 
became  the  next  consideration.  The  owner  expressed  his  desire  for  a 
private  plant,  to  consist  of  high  pressure  turbo-generator  sets.  The 
average  load  with  motor  drive  would  be  about  75  kilowatts,  or  about 
650000  kilowatt-hours  per  year  for  continuous  service.  The  maxi- 
mum load  would  require  a  100  kilowatt  Outfit,  and  in  order  to  have 
a  reserve  unit  available  in  case,  of  emergencies  or  while  making  re- 
pairs, it  would  be  necessary  to  install  two  100  kilowatt  turbo-genera- 
tors, which  with  piping,  installation,  etc.,  including  the  power  plant 
building,  and  exclusive  of  motors,  would  cost  approximately  $15  000. 
The  cost  per  year  to  operate  a  plant  of  this  character  would  be  about 
as  follows : 

Initial  Investment  SI 5  000 

Interest  and  depreciation  at  10% $  1  500 

Insurance,  taxes,  repairs,  etc.,  at  3%  450 

Coal 5  500 

Water,  oil,  waste,  etc 1  100 

Labor 5  840 

Total ,., $14  390 
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On  the  basis  of  650000  kilowatt-hours  per  year,  the  cost  with 
turbo-generator  sets  would  be  2.24  cents  per  kilowatt-h(»ur.  The 
motors  would  be  the  same  in  case  of  purchased  power,  and  there- 
fore the  investment  and  fixed  charges  for  these  are  omitted.  The 
total  cost  per  year  for  current  for  650000  kilowatt-hours,  at  1.5 
cents  per  kilowatt-hour,  the  rate  quoted  by  the  local  power  com- 
pany, would  be  $9750,  which,  compared  with  $14390  with  turbines, 
represents  a  saving  of  $4640.  Aside  from  this  direct  saving  in  op- 
erating cost,  all  investment  was  eliminated  except  the  cost  of  motors ; 
the  operating  burden  was  placed  with  the  power  company  ;  there 
was  economy  of  space;  less  fire  risk,  which  in  this  case  was  a  very 
important  item,  and  the  possibility  of  interruption  in  service  was 
reduced  to  a  minimum. 

The  second  problem  is  a  more  difficult  one.  It  is  in  these  cases 
of  selling  power  to  replace  factory  plants  that  industrial  engineering 
methods  are  of  the  greatest  help  and.  in  many  instances,  indispensa- 
ble, if  contracts  are  to  be  secured.  By  the  proper  application  of  in- 
dustrial engineering  principles,  production  can  frequently  be  in- 
creased, the  quality  of  the  finished  product  can  often  be  improved, 
and  at  the  same  time  the  cost  of  power  reduced.  There  is  no  plant 
so  perfect  that  improvements  in  methods  or  in  operating  conditions 
cannot  be  made. 

The  writer  was  recently  called  upon  to  consult  with  the  owner 
of  a  plant  which,  he  believed,  was  operating  at  its  maximum  pro- 
duction ;  apparently  he  simply  wished  his  opinion  confirmed.  A  pre- 
liminary survey  of  the  machines  disclosed  many  opportunities  for 
improvement.  Time  studies  on  different  types  of  machines  were 
carefully  analyzed,  together  with  records  obtained  by  graphic  instru- 
ments. For  example,  on  certain  nut  tapping  machines,  one  man  had 
been  assigned  to  operate  each  six  spindle  machine.  The  time  study 
showed  long  idle  periods  of  the  spindles  due  to  the  inability  of  one 
man  to  operate  the  machine  to  its  capacity.  Two  men  were  placed 
at  each  machine,  and  as  a  result  the  output  of  this  one  department 
was  doubled  at  a  comparatively  small  expense. 

If  the  manufacturer  is  shown  that  improvements  in  operation 
can  be  accomplished,  and  that  to  secure  them  requires  the  right  kind 
of  power  to  give  constant  service  at  uniform  speed,  he  is  readily 
convinced  that  the  power  company's  service  is  advantageous.  This 
ordinarily  requires  considerable  work,  however,  and  the  services  of 
trained  engineers  who  can  make  the  necessary  tests  in  the  shortest 
possible  time  and  submit  a  comprehensive,  intelligent  report. 


4"4 
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Many  manufacturers  have  given  little  attention  to  correct  cut- 
ting  speeds.  Time  studies  and  tests  of  cutting  speeds  will  often 
show  many  opportunities  for  improvement.    For  instance,  drilling  is 

one  ot"  the  simplest  operations  performed  in  a  machine  shop  and 
it  is  seldom  that  correct  methods  will  nut  effeel  considerable  im- 
provement in  this  <>ne  item.  In  one  machine  shop,  eight  Prentice 
radial  drills  were  being  operated,  drilling  13/16  in.  holes  in  .'.t  in. 
plate-.  Table  II  shows  the  operation  before  and  after  an  investi- 
g  tion  of  the  application  had  been  made  by  an  expert  on  industrial 
motor  drive  problems.  Bight  men  were  working  on  the  above  drills 
and  formerly  drilled  6  100  holes  per  day;  they  are  now  drilling  9  100 
hole-  per  day.  an  increase  of  3  ooo  holes  or  49.3  percent. 

Thi<  factory  was  operated  by  shaft  drive  and,  on  nearly  every 
machine    studied,    there   was   ample   opportunity    for    improvement. 

TABLE  II— OPERATION  OF  RADIAL  DRILLS  BEFORE  AM) 
AFTER  INVESTIGATION 


Former  Operation 

Present 

Operation 

Average 

Max. 
275 

Min. 

is:. 

(I.0U71 

Average 

R.p.m.    <>f  drills  with 
presses  working 

238.7 

(l.0()7s 

2S2 

1     in     inches     per 
r.p.m.  of  spindle 

0.0092 

0.0092 

Cutting  speed,  feet  per 

41.3 

37.:. 

4(u; 

or. 

Average  time  in  seconds 
to  drill  one  hole 

26 

S3 

22 

The  remedy  that  produced  the  results  was  motor  drive.  This 
being  settled,  the  owner  contemplated  installing  a  generating  plant, 
until  a  subsequent  report  was  drawn  up  showing  the  amount  of 
energy  that  would  he  used  per  year  and  a  comparative  analysis  of 
the  cost  with  isolated  power  and  purchased  power.    The  plant  now 

central  station  sen 

Each  particular  class  of  work  has  it-  most  economical  speed. 
To  determine  what  this  speed  is  and  to  build  the  machines  up  to  it, 
comes  within  th<  pe  of  the  industrial  engineer.     The   following 

in-tan  <rticularly  interesting  b<  it  shows  how  a  few  revo- 

lutions affect  the  output  of  a  machine.  The  machine  in  question  was 
a  Waterbury-Farrcl  cold  header  in  a  large  structural  shop.    The  fly- 
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wheel  was  operating  at  ivv>  r.p.m.,  the  machine  heading  sixty-five 
/4  in.  rivets  per  minute.  After  ;i  study  of  what  the  dies  and  ma- 
chine in  general  could  stand,  it  was  determined  to  speed  the  fly- 
wheel up  tn  [38  r.p.m.,  thus  making  69  rivets  per  minute,  an  increase 
of  four  rivets  per  minute  or  2400  per  ten  hour  daw  This  is  another 
case  in  which  motor  drive  won  the  day  and,  as  the  concern's  busines 
was  growing  rapidly,  they  discarded  their  power  plant  to  gain  space 
and  are  now  using  purchased  power. 

When  applied  to  manufacturing  plants,  industrial  engineering 
means  a  study  of  mechanical  efficiency.  Some  manufacturers  are 
prejudiced  against  such  investigations  because  they  tear  an  interfer- 
ence with  the  shop  system,  or  that  the  employes  will  he  antagonized, 
giving  rise  to  lahor  disturbances.  However,  the  industrial  engineer 
deals  primarily  with  the  mechanical  problems,  and  works  in  co- 
operation with  the  owner,  respecting  his  position  relative  to  the 
lahor  problems  that  may  arise.  Knowing  that  the  men  may  he  an- 
tagonized by  the  use  of  the  stop  watch  and  similar  methods,  and 
considering  also  that  a  man  will  do  his  best  when  he  knows  his  work 
is  watched,  methods  have  been  developed  whereby  the  necessary  data 
may  be  obtained  by  the  use  of  graphic  meters  which  automatically 
record  the  information  relative  to  the  study  of  speed  uniformity, 
rate  of  cutting,  power  required,  etc.,  without  any  apparent  surveil- 
lance over  the  man. 

By  making  actual  detail  tests  in  this  manner  throughout  entire 
factories,  the  industrial  engineer  is  in  a  position  to  make  recom- 
mendations which  will  improve  operating  conditions  in  various  ways. 
His  experience  in  other  plants  and  industries  is  often  of  much  value 
in  locating  and  eradicating  any  inefficiencies  that  may  exist.  From 
his  records,  he  knows  just  what  improvements  in  operating  condi- 
tions have  resulted  from  certain  changes  in  the  various  factories 
in  which  he  has  made  investigations,  and  can  thus  determine  with 
very  considerable  accuracy  just  what  results  may  be  secured  by  fol- 
lowing out  his  recommendations. 


ELECTRICAL  OPERATION   OF  LIMESTONE 
QUARRIES  AND  CRUSHER  PLANTS 

P   N    HARRISON 

Ei  \<  >RM<  >US  quantities  of  crushed  limestone  are  used  annual- 
ly in  cement  mills,  steel  mills,  and  lime  kilns.  It  is  also 
i  in  the  construction  of  railroads  and  highways, 
and  there  is  a  large  demand  for  the  oolitic  limestone,  which  is 
highly  desirable  for  building  purposes.  With  the  growing  demand 
limestone  there  has  been  a  corresponding  demand  for  more 
modern  methods  of  quarrying  and  preparing  this  commodity  for 
the  market.  This  has  been  largely  a  matter  of  power  application. 
The  possibilities  of  the-  application  of  electricity  to  this  work  have 
been  appreciated  n>  such  an  extent  that,  where  formerly  the  equip- 
ment consisted  of  a  cumbersome  engine,  steam  hoists,  and  a  few 
mules,  we  now  find  a  complete  electrical  equipment  consisting  of 
•tor-driven  crusher  plant,  air  compressors,  hoists,  pumps,  loco- 
motives and  rock  drills. 

For  practical  purposes  the  quarry  and  the  crusher  plant  may 
he  considered  as  a  unit,  since  the  operation  of  the  latter  is  depend- 
ent upon  the  successful  working  of  the   former,  and   if  the  quarry 
shut  down  in  the  winter  season,  due  to  weather  conditions,  the 
crusher  plant  must  also  close   for  lack  of  raw  material. 

.  i    oi    OPERATIONS 

In  the  quarry  proper,  drilling,  blasting,   hauling  and   pumping 

predominant   operations,   while   the  crusher   plant    and    the 

pulverizing  plant,  if  one  is  present,  require  machinery  for  crushing, 

transferring,  drying  and  pulverizing  operation-  in  addi- 

•  the  necessary  air  compressor  for  the  took  in  the  quarry. 

The   drilling  of   the    rock,   preparatory   to   the   laying   of   ex- 

for  "shooting"  the  quarry,  is  commonly  accomplished  by 

me;  air  drills.     This        tern  involves  many   feel 

air  pipes,  the  courses  of   which   must    frequently  he  changed   to 

meet  the  requirement-  of  the  drillers.     Recently  the  electric  drill 

entire!}'  practicable,  and  the  electric  line-  are  much 

more  easily  moved  than  air  hose  or  pipe  line-.     Recent  experiments 

in  a  large  quarry  have  shown  25  percent  greater  capacity  for  work 

at  a  reduction  of  50  ■  cost  in   favor  of  this  type  of  drill 

pared    with   pneumatic   drills.     The   two    form-    of   electric 

dri"  I  commonly  used  are  the  well  drill  and  the  type  employing 

•nail  motor-driven  pulsator  or  air  compre  tnnected  to  the 
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cylinder  of  the  drill  by  a  short  hose.  The  former  type  of  drill,  due 
to  its  large  capacity  for  work  in  a  comparatively  shorl  time  and  to 
the  fact  that  standard  induction  motors  are  applicable,  is  becoming 
very  popular  among  quarrj  owners. 

Closely  following  the  drilling  and  blasting  comes  the  trans- 
ferring of  the  rock  to  the  cars  for  transportation  to  the  crush* 
The  handling  of  the  rock  in  small  quantities  is  usually  done  with 
hand  shovels,  while  the  larger  quarries  frequently  find  the  steam 
or  electric  power  shovel*  a  good  investment.  The  method  of  con- 
veying the  rock  from  the  quarry  to  the  crusher  plant  is  dependent 


FIG.    I — NO.    4    QUARRY    OF   THE    STANDARD    LIME    AND    STONE   COMPANY, 

MARTI  NslHKC,,    W.    VA. 

This  quarry   is   worked   from  two  separate   levels   with   separate   hoisting 
inclines,  etc.    The  rock  is  conveyed  to  the  crusher  plant   shown  in   Fig.   5i 

from  which  plant  the  compressed  air  for  the  pneumatic  drills  is  also  secured. 

upon  local  conditions.  If  the  quarry  is  deep  a  system  of  inclines 
and  drum  hoists  will  he  necessary,  in  which  event  the  hoists  are 
either  direct  driven  by  motors  or  are  supplied  with  compressed  air 
from  the  motor-driven  compressor,  while  if  the  crusher  plant  is 
located  on  a  hillside  only  slight  grades  are  encountered  and  the 
transferring  of  the  rock  from  the  quarry  to  the  plant  may  he  ac- 
complished by  means  of  electric  tramways,  which  have  heen  suc- 


*See  article  on  "Electrically  Operated  Shovels,"  by  YV.  H.  Patterson,  in 
the  Journal  for  Nov.,   iqio,  p.  853. 
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-fully  used  on  grades  as  great  as  six  percent.     Sometimes  both 

stems  are  necessary,  especially  where  several  quarries  supply  one 

crusher  plant  and  long  hauls  over  level  ground  are  needed  to  get 

the   rook   to  tin-  crusher.     Ii    frequently   occurs   that   a   quarry   is 

rked  from  tu<>  or  more  levels  at  the  same  time  in  which  case  it 

is  n<  ry  to  have  hoists  for  each  level,  as  shown  in  Fig.  i. 

Whore  hauling  of  stone  from  the  quarry  is  by  means  of  drum 
hoists  and  inclines,  varying  speed  slip-ring  induction  motors  are 
desirable  and  should  be.  substantially  mounted  on  the  same  base  as 
the  hoist,  to  which  the  motor  should  be  geared.  With  this  method 
drive  the  hoist  can  be  retarded  either  electrically  or  by  means  of 
a  foot-operated  band  friction  brake  during  the  descent  of  empty 
oars   down   the  incline.     Control   of   this  apparatus   is   usually   by 

means  of  a  manually 
operated  controller  lo- 
cated in  the  hoist  house. 
The  drainage  of  quar- 
ries is  an  important 
item  in  their  successful 
and  uninterrupted  oper- 
ation. Natural  springs 
and  surface  seepage  arc 
con  t  i  nu  a  1  source  i  A 
trouble  to  the  quarry 
management      and      in 

2 — THIRTY    HORSE-POWER    INDUCTION     MOTOR  °. 

ing  six-inch    <  kxtrifugal   pump   j x    a  many  instances  continu- 
ous** QUS    0peration    0f    the 
The  machine^  are  directly  connected  throuj  ,     . 
and    are   mounted    on   a  l'"'"!)S     ]s     required     to 

which  i        Ited  to  a  con-     prevent    flooding  of   the 
•urulation.  ,,.,       ,  .    , 

quarry.      J  he  horizontal 

trifugal  pump  i-  best  adapted  to  this  work,  as  the.  head  <  are 
very  seldom  over  100  feet  and  the  water  is  apt  to  be  very  muddy, 
and  contain  a  large  amount  of  grit. 

The  pump  shown  in  Fig.  2  is  a  typical   example  of  a  motor- 
rated   pump,   consisting  of   a    -ingle   stage    six  inch    centrifugal 
pump  din    I  red  to  a  30  horse-power  wound  secondary  induc- 

tion motor.  This  pump  replaced  tli<-  -team  pump,  which  is  seen 
partly  dismantled  in  Fig.  3.  and  pumps  an  average  of  ^jXrxxj  gal- 
lon- in  ^4  hour-  against  a  total  head  of  70  feet,  at  a  cost  but  little 
r  half  that  of  the  -team  pump.  The  sump  is  ordinarily  emptied 
in  about  one-half  hour,  and  the  pump  then  lie-  idle  for  about  an  hour 
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until  the  sump  fills  again,  the  capacity  being  large  enough  to  care 
for  the  most  unusual  rainfalls  without  difficulty.  The  control  is 
by  means  of  a  ball  float  in  the  sump  and  a  master  switch  in  the 
pump  house. 

For  nearly  all  pumping  applications  the  standard  squirrel  cage 
induction  motor  meets  the  requirements,  but  where  automatic  con- 
trol is  desired  or  where  the  pump  is  designed  to  operate  intermit- 
tently only,  wound  secondary  motors  are  preferable.  In  the  use  of 
either  type  of  motor  best  results  are  obtained  by  the  use  of  single 
or   multi-stage   centrifugal    pumps    flexibly    coupled    to    the    motor. 


PIG.  3 — STONE  QUARRY  OK  THE   MCLAUGHLIN    AND    MATEER    COMPANY, 

KANKAKF.K,    ILL. 

The  dismantled  steam  pump  was  replaced  by  the  centrifugal  pump  shown 
in  Fig.  J.     The  suction  lift  is  18  feet  and  the  discharge  is  52  feci. 

under  which  method  of  drive  any  variations  in  alignment  are  com- 
pensated for  and  the  standard  speeds  of  induction  motors  are 
especially  applicable. 

From  the  quarry  the  stone  is  hoisted  either  directly  into  the 
crusher  house,  as  shown  in  Fig.  4.  or  is  conveyed  a  greater  or  1' 
distance  to  a  central  crusher  plant,  such  as  shown  in  Fig.  5.  by 
means  of  an  electric  tramway  or  by  mule  haulage.  The  cars  dis- 
charge directly  into  the  hopper  of  the  crusher  so  that  further 
handling  of  rock  between  the  hauling  and  crushing  processes  is  un- 
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m  Crushing  is  usually  accomplished  b)  the  gyratory  type 

crusher,  although  \h\>  operation  is  often  assisted  by  either  roll 

rushers.     Hiese  crushers  ma)   be  adjusted  to  give  various 

product  .1-  desired  and  are  especially  desirable  in  this  work 

due  i"  their  er  capacity,  as  compared  with   the  jaw  type  <>f 

cm  .nd  the  continuous  crushing  effort  exerted.     Roll  crushers 

frequently  used  to  reduce  the  rock  i<>  final  dimensions  after  it 

has  been  first  reduced  in  a  gyratory  crusher.     For  example,  solid 

k  ranging  as  high  as  [O  by  5  by;  ,}  feet  can  be  crushed 

l>v  the  larger  sizes  of  this  type  of  crusher,  after  which  pieces  six 

inches  and  smaller  can  economically  be  reduced  by  roll  crushers. 


■  M'AKIi  LIME  AND  STONE  COMPANY 

Thi  -  quarries    of   ilii-  iny,    is    equipped    with 

nd  crushing  plant,  and  electrically  oper 
li  ills.     I  he  stone  is  semi  hard  lime  stone, 
ami  I   mills. 

The  power  requirements  of  the  gyratory  crushers  range  from  one 
hot  .er  per  ton  per  hour  in  the  -mailer  sizes  to  one-half  that 

amount  in  the  larger  sizes,  depending  largely,  of  course,  on  the 
hardne--  of  the  rock  and  the  av<  ize  of  the  blocks. 

From   the  discharge  opening  or  opening-   of   the  crusher  the 
ed  to  a  rotary  -izing  screen  which  consists  of  a  per- 
rated   ir>>n   cylinder  revolving  on  an   axis  at   a   slight  angle  with 
the  horizontal,  the  perforations   increasing   in   diameter  by   steps. 
This  machine   separates  the  crushed   rock  into  several  grades  ac- 
cording to  -ize  as  predetermined  by  the  setting  of  the  crusher  and 
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size  of  perforations  in  the  cylinder.  In  the  design  of  crusher  plants 
it  i-  necessary  to  know  the  percentages  of  different  sizes  in  the 
product  of  the  first  crusher  so  that  provision  may  be  made  for 
recrushing  by  the  correct  number  and  >i/e  of  auxiliary  crushei 
The  crusher  capacity  is  commonly  expressed  in  tons  of  rock 
crushed  per  hour  that  will  pass  a  2.5  inch  ring  while  other  common 
sizes  of  stone  are  1.5.  3,  3.5  and  4  inches. 

After  auxiliary  crushing  and  rescreening  of  tailings,  if  this  is 
necessary,  the  product  is  passed  to  storage  bins  from  which  it  may 
be  loaded  into  cars  or,  if  a  pulverizer  plant  is  included  in  the 
equipment,  a  portion  of  the  product  from  the  crusher  plant  is  con- 
veyed here  and  the  crushed  stone  is  further  reduced  by  means  of 
pulverizers,  tube  mills  and  rotary  dryers,  for  use  in  fertilizer  plants, 
potteries,  etc.     Squirrel  cage  induction  motors  are  applicahle  here 


in..    5 — SUB-STATION    AND   CRUSHER    PLAN!    01     I  M  l     STANDARD   LIME    AND 

ON]      I  "MI'AXY 

The  sub-station  is  maintained  bj  th.  -:.>nr  company,  and  transforms 
current  from  the  lines  of  the  Winchester  &  Washington  City  Railway  Com- 
pany, at  jjooo  volts,  three-phase,  to  2200  volts   for  local  distribution.     The 

er  motors  arc  wound  for  2200  volts  and  the  -mailer  one-  for  440.  Stone 
is  received  from  a  number  of  quarries  in  the  neighborhood,  and  crushed  and 
shipped  at  this  central  crushing  plant. 

when  the  individual  drive  system  is  carried  out  on  the  crusher. 
screen,  conveyors,  elevators,  etc.,  but  where  all  are  grouped,  the 
combined  friction  load  and  inertia  of  such  a  group  is  sufficiently 
great  to  warrant  the  use  of  slip-ring  induction  motors.  The  squirrel 
cage  motor,  with  the  addition  of  dust-proof  bearings  has  the  added 
advantage  of  being  practically  impervious  to  the  cutting  effect  of 
the  grit  that  is  ever  present  in  a  plant  of  this  kind. 

The  policy  of  some  central  stations  of  prohibiting  squirrel  cage 
motors  above  a  certain  capacity  upon  their  lines  is  frequently  the 
deciding  feature  in  favor  of  the  slip-ring  motor  where  the  squirrel 
cage  type  would  otherwise  be  applicable.  Granting  that  the  crudi- 
ers,    screens,    conveyors    and    elevators    must    be    simultaneously 
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nsiderable  belt  and  bearing  trouble  is  experienced  when 
up  drive  i-  used,  which  i^  obviated  to  a  large  extent  when  the 
individual  drive  scheme  is  carried  out. 

The  air  compressor  is  usually  installed  in  the  crusher  plant.     It 

common  practice  i<>  provide  a  smaller  reserve  compressor  to  help 

supply  any  abnormal  demand  <t  t«>  supply  the  whole  demand  during 

sons.    Squirrel  cage  motors  of  rugged  characteristics  meel 

the  power  requirements  under  most  CMndiii.ui>.     Such  compressors 

always  equipped  with  flywheels,  hence  the  motor  will  be  de- 

gi  ed  for  high  starting  torque  and  an  appreciable  slip. 
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induction  motor  in  the  adjoining  room. 
POWER    REQUIREMENTS 

'J  hi-  industry  presents  n<>  demand  for  the  use  of  low  pressure 

am.    (  >n  the  other  hand,  the  advantages  of  motor  drive,  and  the 

tptabiliry  trie  power  in  general  are  conspicuous.     A   re- 

qui  prime  importance  in  quarry  practice  which   is    strongly 

ted  where  motor  drive  is  used,  is  the  flexibility  of  the  power 

supply  for,  with  the  frequently  changing  heads  to  which  the  drainage 

pumps  are  subjected,  the  changing  length     and  grades   of  the  in- 

cIjt  of  air  line-  \<>  meel  the  growth  of  the 

quarry,  the  varying  grade     of   stoi  ed   in   a  quarry   and 

numerou-  other  contingei  il   is  often  n<  to  '-ill  on  the 
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overload  capacity  of  the  equipment,  and  to  this  end  it  is  essential 
thai  a  safe  margin  W  allowed  in  selecting  motors. 

[n  general,  the  conditions  call  for  1« >n i-C  hour  use  of  the  power 
demand,  such  as  n>  hours  per  day  in  the  crusher  plant  and  Ere- 
quentlj  _'4  hour  pump  service.  With  fixed  conditions  the  total 
load  of  such  operation  will  be  approximately  constant,  but  it  may  be 
appreciably  changed  by  any  of  the  conditions  cited  above,  while  the 
>i/e  to  which  rock  is  broken  at  the  crusher  plant  will  have  a  large 
bearing  on  the  power  consumption  at  this  point  of  operation. 
Roughly  speaking  the  only  load  of  an  intermittent  nature  present  is 
that  of  the  drum  hoists. 

SI  Hk.  I.   i  IE    POWER    SUPPLY 

The  question  of  the  source  of  power  supply  is  perhaps  the  most 
important  one  which  the  quarry  management  i-  called  upon  to  con- 
sider, and  its  decision  will  have  a  decided  bearing  on  the  economical 
and  profitable  operation  of  the  plant.  The  average  stone  plant,  as 
occurring  in  widely  distributed  territories  over  the  country,  is  lo- 
cated some  distance  from  the  principal  transportation  facilities  of 
the  locality  and  thus,  in  event  of  the  installation  of  a  steam  plant 
or  an  isolated  electric  plant,  the  item  of  fuel  transportation  becomes 
one  of  great  importance  even  though  the  plant  must  have  shipping 
facilities  for  its  product.  This  feature  and  numerous  others  are 
readily  obviated  by  adopting  central  station  power.  The  availa- 
bility and  reliability  of  tins  source  of  power  are  well  known  charac- 
teristics, while  flexibility  of  application  is  only  another  of  those  de- 
sirable features  which  obtain  wherever  electric  power  is  used,  no 
matter  what  the  source  of  supply.  In  an  industry  wbere  the  load 
conditions  are  of  such  a  fluctuating  and  growing  nature,  that  source 
of  supply  which  can  most  readily  meet  the  increasing  demands  from 
time  to  time,  with  tbe  least  degree  of  interrupted  service  is  obvi- 
ously the  source  to  adopt.  As  previously  pointed  out,  stone  plant 
conditions  call  for  a  long  day's  run  with  a  frequent  demand  for  24 
hour  pumping  service.  This  load  presents  an  attractive  field  to 
tbe  average  central  station.  The  power  company  is  assured  of  a 
considerable  revenue  from  this  load  and  since  it  tends  to  improve 
the  load  factor  of  tbe  station  tbe  company  i-  in  a  position  to  charge 
a  rate  for  it-  services  that  is  mutually  beneficial.  It  is  now  a  com- 
mon occurrence  to  see  stone  plants  sup] died  direct  from  a  power 
company's  high  tension  lines  through  the  medium  of  a  sub-station 
maintained  by  the  plant  management,  such  as  shown  in  Fig.  5,  with 
several  points  of  distribution  for  the  smaller  motors. 
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I  hu'  to  the  fad  that  com* 
mutators  "ii  direel  current 
motors  are  a  decided  disad 
\  antage  in  this  w<  >rk  and  that 
a  supply  of  direct  currenl  is 
rarely  available,  direct  cur- 
rent supply  is  hardly  to  be 
considered  for  any  of  the 
characteristic  applications  of 
this  industry. 

ACTUAL    RECORDS 

Data  obtained  by  observa- 
tion in  plants  during  their 
operation  under  actual  run- 
ning conditions  arc  perhaps 
of  greater  interest  than  theo- 
retical values  and  assumed 
conditii >ns.  The  data  in  Table 
1  has  been  gathered  from 
actual  installations  in  stone 
plants  and  i^  intended  to  give 
a  general  idea  of  ihe  require- 
ments of  such  plants.  All  of 
these  are  supplied  with  cen- 
tral station  power. 

The    following    are    actual 
irds  of  successfully  oper- 
ated   stone    plants    in    which 
trie  power  is   supplied  hy 
a    central    station: — Plant    A 
illy    illustrates    the    use 
of    electrically    driven    drum 
hoists.     Plant  B  is  one  where 
all  hoi-ting  is  done  by  means 
of  air  hoists  supplied  with  air 
from  a  motor-driven  air  com- 
This   is   a   relatively 
inefficient    system    and    is    re- 
sponsible for  the  high  energy 
consumption     noted     in     the 
table,  namely  3.33  kw-hr.  per 
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ton  of  rock  produced.  Plant  C  is  a  very  good  example  of  the  in- 
dividually driven  plant. 

PLANT  A — OBI  SHED  LIMESTONE   QUABBT 

In  this  plant  nine  quarries  :ir.'  operated  in  connection  with  two  crusher  plants  and  a 
pulverizer  plant.  The  total  c;i|  acity  of  the  quarries  is  3  000  tons  of  crushed  rock  pel 
day,  the  average  daily  output  being  2  000  tons.  The  crushed  product  i-  used  in  steel 
mills  and  for  ballast,  the  pulverized  stone  is  utilized  as  a  fertilizer.  About  300  men  are 
employed,    working   10   hours    per   day.      An  ot    1  255   hp   in   three-phase,    4  10    and 

2200  volt  induction  motors  is  installed  having  a  24-hour  load  (actor  of  11.6  percent.  The 
electrical  energy  consumed  per  ton  of  stone  crushed  is  n.77  kw-hr.,  and  the  average  month 
ly  consumption  over  a  period  of   18   months  was   77  000    kw-hr. 

MOTOB   APPLICATIONS 

One  75  hp,  1  120  r  p.m.,  squirrel  cage  motor,  direct  connected  to  a  6  in.,  2  stage 
turbine   pump,   capacity    1  000   gal.    per   min.,   80    ft.    head. 

Three,   40   hp.    1  120   r.p.m..   squirrel   cage  motors,  each  direct-connected   to  a  4  in., 
2    stage   turbine   pump,   capacity   COO   gal.   per  min.,   80   ft.   head. 

One  40  hp,  1120  r.p.m.,  squirrel  cage  motor,  direct-connected  to  a  4   in.,  2  stage  tur- 

pump,    170    ft.   head. 

One  50  hp,  1  700  r.p.m.,  squirrel  cage  motor,  direct-connected  to  a  4  in.,  2  stage  tur- 
bine pump,  150  ft.   head. 

One  10  hp.   1  700  r.p.m.,  squirrel  cage  motor,   direct-connected   to  a   1.5    in.,    3   stage 
turbine    pump    b>r    fire    service. 

37    hp,    580   r.p.m.,    (■varying')    slip   ring   motor,   geared   to   a   drum    hoi  1    tor 

hauling  2  cars  up  a  3'io  ft..  30  deg.   incline.     Each  car  has  capacity  of  two  tons. 

Six  37  hp,  5S0  r.p.m.,  (varying)  slip  ring  motors,  each  geared  to  a  drum  hoist,  used 
for  hauling  cars   up   a    100    ft.,    30   degree    incline. 

One  37  hp,  580  r.p.m.,  (varying)  slip  ring  motor,  geared  to  a  double  drum  hoist,  used 
for  hauling  cars  up  a  45  deg.  incline. 

Two  37  hp,  5S0  r.p.m.,  (varying)  slip  ring  motors,  each  geared  to  a  drum  hoist,  used 
for  hauling  cars  up   a   200    ft.,    45   dog.   incline. 

One  60  hp,  5S0  r.p.m.,  (varying)  slip  ring  motor,  geared  to  a  double  drum  hoist,  for 
hauling  2   cars  up  a  30   degTee  incline. 

One  100  hp,  690  r.p.m.,  slip  ring  motor,  belted  to  a  20  ft.  shaft  and  30  ft  of 
counter-shafting.      Connected   load: — 

One   150  tons  per  hr.   gyratory  crusher;  one  30  tons  per  hr.  gyratory 
crusher;  one  48  in.  by  16  ft.  cylindrical  revolving  screen;  one  85  ft.  ele- 
vator, buckets  16  by  12  in. 
One    30   hp,   squirrel   cage   motor,   driving  barrel   shop   apparatus. 

One  100  hp.  2  200  volt,  690  r.p.m.,  squirrel  cage  motor,  belted  to  a  15  ft.  shaft 
and   30   ft.   of  countershafting.     Connected  load: — 

One  150  tons  per  hr.  gyratory  crusher;  one  40  tons  per  hr.  gyratory 
crusher;  one  24  in.  by  65   ft.  bucket  elevator;   one  48  in.  by  20  ft.  re- 
volving   screen. 
One  300  hp,  2  200  volt,  580  r.p.m.,  slip  ring  motor,  belted  to  50  ft.  shaft  and   94  ft. 
of   counter-shafting.      Connected  load: — 

Three  36  by  30  in.  swinging  hammer  pulverizer  mills;  one  14  in. 
by  36  ft.  screw  conveyor;  one  85  ft.  elevator,  12  by  14  in.  buckets;  two 
48  in.  by  12  ft.  revolving  screens;  one  9  in.  by  48  ft.  screw  conveyor; 
48  in.  by  12  ft.  revolving  screens;  one  9  in.  by  40  ft  screw  conveyor ; 
one  5  ft.  by  22  ft.  tube  mill;  one  4  ft.  by  40  ft.  rotary  drier;  one 
sacking  machine;  two  9  in.  by  12  ft.  screw  conveyors,  used  for  load- 
ing cars;  one  65  ft.  elevator,  12  by  12  in.  buckets;  one  12  in.  by  21 
ft.  inclined  belt  conveyors;  one  16  in.  by  50  ft.  inclined  belt  convey- 
or; one  16  in.  by  90  ft.  belt  conveyor,  inclined  10  deg.;  two  30  ft. 
elevators,    10    by   6    in.    and   12    by  6   in.  and   12   by  6   in.  buckets. 
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bed  limestone  per  day  tor  use  In  steel 
mills,     i  working    10  hours  per  day.     \«  aggregate  <>f   358.6 

duction  motors  ia  installed!  having  a  load- 
fact  mmmption  per  ton  of  rock  crushed  is  3.33 

timption  for  :i  period  of  two  years  was 
54  100     kw  ! 

MOTOB    APPLICATIONS 

t"  b   duplex   air  compressor,  cylinders   26   and 
15  '  -  mre,  supplying   1690  cu.  ft.   free  air  per  mini     This 

ten   air   drills,  a   2    in.  and  a    1.5   In.  duplex 
I 

:  p.m.  up  'l  i"  :(.">   ft.  shaft.     <  pted   load: — 

'I   in.    bj    .'in    it.    bucket    elevator   in- 
clit*'       •  .    .   one   6   ft.   by   6    ft.   revolving   screen;   one   24    in.  by 

20    ' 

Ton    r.p.m.    motor,    direel  connected    to   a    5    kw,    250    volt, 
dir- 

I'l.wi    i       (  l.i  SHED  STONE   Ql    UtR"5 
This  quarry  employs  37   nun.   working  10  hours  a  day,  during   which  time  from   600 

shipped.     An  aggregate  of  846   hp   in  three-phase,  220 

lied,   having   a    load-factor     of     8.1      percent.      The     electrical 

crushed    i-    0.91    kw-hr.      Thi  power    con- 

Bummption  Apr.   I  1910,  was    li  Too  kw-hrs.     The    consumption    during   the    winter 

.ml. 

UOTOB    APPLICATIONS 

40  lip.  650  r.p.m.,  squirrel  cage  motor,  belted  to  a    10  ft.  shaft,  driving  a  fric- 
tion drum  hoist  to  haul  C  by   r>  by   2  ft.  cars  up  a  20  percent   incline,   150   ft.   long. 
9 i  hp,   690  r.p.m..  slip  I   r,  belted  to  a   gyratory  crusher. 

•    125    b]  p.m.,    slip   i!  bel  ed    to    a    gyratory   crusher,    the    shaft 

■      a  30   in.    bj  elevator    (56    buckets). 

1   r.p.m.,   slip   ring   motor  having   2   pulleys   and   belted   to   2   gyratory 
which    I  the    other  crushers  thai  will  noi  pass  »  2  in.  mesh. 

One  30  hp,  680  r.p.m.,  squirrel   >  or,  belted   to  a   5   ft.  Bhaft,  bevel-geared  to 

i  I    102   buckets,   22   by   10   in. 

690  r.p.m..  squirrel  cage  motor  bai  i  and  belted   to  ;i   6   ft.  shaft, 

which  i  21    by  6  ft.  revolving  screen. 

690  r.p.m.,  squirrel  i  i  and  belted   to  a    r.<   ft.  shaft, 

whir  -  .  ■    which  the   discharge   from   the  above 

screen. 


EXPERIENCE  ON  THE  TRIAL  TRIP  OF  A  TURBINE- 
DRIVEN  NAVAL  VESSEL 

THE  RECENT  STANDARDIZATION  AND  ENDURANCE  TRIALS  OF  THE  UNITED 

STATES  NAVAL  COLLIER  "NEPTUNE" 

J.  E.  SNYDER 

Turbine  Department.  Wcstingliouse  Machine  Company 

The  following  notes  on  a  twenty  day  cruise  of  the  collier  Neptune  dur- 
ing last  February  are  of  special  significance  to  naval  engineers  and  marine 
architects,  but  are  of  great  interest  as  well  to  all  who  have  been  watching 
the  important  developments  of  the  last  few  years  in  the  field  of  steam 
turbines.  The  successful  application  of  steam  turbine  drive  to  the  Neptune, 
which  is  the  largest  ship  of  her  class  that  the  Government  has  built,  is 
briefly  recounted  by  Mr.  Snyder,  who,  as  an  expert  on  steam  turbine  opera- 
tion, was  detailed  to  supervisory  inspection  duty  during  this  cruise.  Proba- 
bly the  feature  of  the  greatest  interest  to  readers  of  the  Journal  is  the 
introduction  of  high  speed  turbines,  which  is  made  feasible  by  the  use  of 
high  power  reduction  gears ;  as  through  them  both  the  propeller  and  the 
turbine  may  be  operated  at  the  speeds  that  will  give  the  greatest  efficiency. 
Another  notable  fact  is  that  the  turbines  are  of  the  reversible  type,  having 
an  "ahead"  portion,  a  "reverse"  portion,  and  a  cruising  element  all  within 
one  casing,  and  are  provided  with  means  of  absolute  control  from  the  bridge. 
During  the  cruise,  this  feature  proved  to  be  extremely  satisfactory.  The 
successful  performance  of  the  automatic  governing  mechanism  of  the  tur- 
bine, which  is  described  by  Mr.  Snyder,  is  also  worthy  of  particular  note. — 
(Ed.) 

OX  January  thirty-first  we  boarded  the  Neptune  at  Newport 
News  and  the  next  day  maneuvered  toward  Baltimore  to 
pick  up  a  cargo  of  coal  and  oil  which  was  later  to  be  sup- 
plied to  the  Atlantic  Squadron — some  twenty  battleships  located  at 
Guantanamo  Bay  oft  the  Southeast  coast  of  Cuba — in  order  to  equip 
them  for  a  trip  North.  Our  cruise  was  to  include  a  trip  to  Rock- 
land. Maine,  where,  with  full  cargo  aboard,  a  standardization  trial 
was  to  be  run  over  the  Owl's  Head  course,  and  an  official  endurance 
trial  during  the  trip  from  Rockland  to  Boston,  where  we  stopped 
to  replenish  our  fresh  water  supply.  During  this  run  the  weather 
was  so  cold  that  the  hull,  rigging  and  coaling  equipment  of  the  ship 
were  covered  with  several  inches  of  ice  as  a  result  of  the  continued 
freezing  of  the  spray  as  it  was  deposited.  During  the  five-day 
trip  from  Boston  to  Guantanamo  Bay  we  experienced  a  storm  lasting 
some  twenty-two  hours,  which  was  in  itself  so  severe  an  endurance 
test  that  we  were  all  satisfied,  after  having  successfully  weathered 
the  gale,  regarding  the  seaworthiness  of  our  ship.  Some  interesting 
features  in  this  connection  will  be  mentioned  later. 

The  Neptune  is  the  largest  of  the  United  States  naval  colliers 
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and  is  moreover  the  only  ship  <>t"  her  size  and  low  speed  which  has 
:i  equipped  with  turbines;  she  is  542  feel  in  length,  lias  a  beam 
ot"  05  feet  and  a  depth  oi  50  feet.     A  broadside  view  is  shown  in  Fig. 
1.  in  which  may  he  seen  the  booms  and  buckets  for  handling  the 
.'..    Her  displacement  is  approximately  20000  tons  with  full  eargo 
aboard     The  eargo  consists  of  10  000  tons  of  coal  and  1  500  tons  of 
oil.     In  addition  she  carries  2  500  tons  of  coal  and  40000  gallons  of 
ih  water  for  her  own  use. 
While  the  cargo  was  heing  loaded  at  Baltimore,  a  strong  North- 
west wind  was  blowing,  and  as  a  result  the  water  in  the  hay  was 
lowered  to  the  extent  that  the  Neptune  grounded.     After  six  hours 
of  w.>rk  with  two  sea-going  tugs  in  an  attempt  to  pull  her  off,  it 
wa-  decided  to  discharge  them  and  resort  to  her  own  power.    The 


FIG.    I — THK    U.    S.    NAVAL    COLLIER      NEPTUNE 

Showing  booms   of   coal-handling   equipment.      Length,   542    feet;    beam, 
feet;  depth,  50  feet;  displacement,  20000  tons.     Equipped  with  two  3600 
hp   turbines,    driving   twin-screw    propellers   through    marine   type    reduction 
gea : 

turbines  were  started  astern  and  in  two  minutes  after  they  were  up 
to  full  speed  the  ship  moved  out  into  the  bay,  thus  demonstrating 
the  remarkable  astern  power  of  turbines  of  this  design. 

EQUIPMENT  OF   Till-;   NEFfUNE 

During  the  voyage  from  Baltimore  to  Rockland  there  was  an 
opportunity  to  look  over  the  ship  and  its  machinery  and  equipment 
in  come  detail.  The  bunkers  for  the  cargo  coal  are  located  amid- 
ships and  occupy  practically  the  entire  available  space.  The  com- 
partments for  the  cargo  of  fuel  oil  are  located  in  the  forecastle.  The 
bunkers  for  the  collier'-  own  coal  supply  are  located  adjacent  to 
the  stoker  room  which,  with  the  boilers,  main  engines,  and  auxiliary 
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machinery,  are  located  in  the  aft  end  of  the  ship  (usually  located 
amidships  >.  For  the  cargo  coal  there  are  eight  double  coal  hunkers. 
The  coal  is  handled  by  thirteen  grab  buckets,  each  of  2400  pounds 
capacity.  There  are  two  steam  winches  to  each  bucket,  one  for  lift- 
ing and  lowering  and  the  other  for  the  control  of  the  boom.  The 
coaling  time  required  at  Curtis  Bay,  Baltimore,  was  forty-eight 
hours.  The  discharging  capacity  of  the  collier  when  operating  both 
sides,  by  tying  up  to  two  battleships  at  once,  is  1  300  tons  per  hour. 
The  boilers  are  of  the  Scotch  type,  consisting  of  three  main 
double  ended  boilers  with  eight  furnaces  to  the  boiler.  Each  unit 
is  of  2500  horse-power  capacity.  The  Howdens  system  of  forced 
draft  is  used,  in  which  the  blowers  are  so  located  that  the  air  is 
taken  from  the  engine  room  and  forced  through  the  grates  into  the 
combustion  chamber.  One  Scotch  donkey  boiler  furnishes  steam  for 
the  coal  hoisting  and  conveying  winches;  this  is  a  natural  draft 
boiler  of  400  horse-power  capacity.  The  main  boilers  are  a  little 
over  twenty-one  feet  in  length  and  about  sixteen  feet  in  diameter. 
The  normal  pressure  is  200  pounds.  The  furnaces  are  forty  inches 
in  diameter  and  have  a  length  of  grate  of  five  and  one-half  feet. 
The  total  grate  area  per  furnace  is  440  square  feet.  A  tube  heating 
surface  of   15603  square  feet,  a  total  furnace  heating  surface  of 

1  200  square   feet,   and  a  combustion  chamber  heating   surface  of 

2  118  square  feet,  give  a  sum  total  of  18  921  square  feet  of  heating 
surface  per  boiler. 

The  anchor  engines  are  located  in  the  forecastle.  They  are  of 
the  windlass  improved  type,  capable  of  lifting  two  chains  each  of 
160  fathoms  in  length  and  anchors  weighing  9000  pounds  apiece,  in 
twelve  minutes.  The  carpenter  shop  is  also  located  in  the  forecastle 
adjacent  to  the  fuel  oil  compartments,  as  well  as  the  storage  bin  for 
the  ship's  supplies. 

The  auxiliary  machinery  consists  of  a  vertical  duplex  fire  pump, 
a  ballast  pump  using  sea  water  for  trimming  the  ship  and  sanitary 
and  fresh  water  pumps.  The  water  evaporation  system  has  a  ca- 
pacity of  twenty  tons  per  day,  and  a  pump  is  provided  for  the  oper- 
ation of  this  system  as  well  as  one  for  supplying  the  distillers,  which 
have  a  capacity  of  ten  tons  of  water  per  day.  A  suitable  bilge  pump 
equipment  is  provided  to  take  care  of  leakage  and  drainage.  There 
are  also  forced  lubrication  piston  pumps.  For  the  steam  turbine 
condenser  equipment,  steam  engine  driven  circulating  pumps  with 
fourteen  inch  suction  and  discharge  are  provided  for  circulation  of 
the  cooling  water.     There  are  two  units,  one  for  each  condenser, 
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h  <.<i  4-  ihhi  gallons  per  hour  capacity.     The  fool  water  heater 
if  the  multiple  coil  closed  type.    There  is  also  a  feed  water  filter 
of  the  multiple  coil  type.    There  are  two  evaporators  and  two  dis- 
tillers.   The  condensers  which  form  part  of  the  distiller  system  have 
mdensing  area  of  approximately  7000  square  feet. 
The  main  steering  gear  which  operates  the  rudder  was  built  by 
the  Hyde  Windlass  Telemotor  Company,  and  is  manipulated  from 
the  bridge  by  the  wheel  which  controls  the  rudder  engines  ( telemo- 
through  a  steam  relay.     The  steering  gear  is  arranged  so  that 
in  1  rgency,  it  can  also  be  operated  by  hand. 

MAIN    POWER    EQUIPMENT 

The  Neptune  is  equipped  with  twin  screw,  three  blade  propel- 
lers. The  propellers  are  14  ft.  8  in.  in  diameter  and  have  a  pitch 
of  i_'  ft.  i  in.  The  two  main  turbines  are  of  3600  horse-power  ca- 
pacity each,  at  a  -peed  of  1  220  r.p.m.  Interposed  between  the  tur- 
bine and  the  propeller  shaft  and  direct  connected  to  each  is  a  W'est- 
inghouse  reduction  gear  equipped  with  floating  frame,  the  design 
being  especially  adapted  to  marine  work.  The  turbines  are  of  the 
Westinghouse  marine  type.  Each  propeller  shaft  is  provided  with 
a  suitable  step  thrust  bearing.  The  tests  on  the  Neptune  are  re- 
garded by  naval  men  as  of  the  highest  importance  because  of  the 
comparatively  small  size  of  turbine-  made  possible  through  the  use 

the  reduction  gear-  which  allow  of  much  higher  turbine  speeds. 
The  claim  i->  made  that  a  saving  of  fifty  percent  is  effected  in  this 
way  over  a  corresponding  design  of  turbine  for  direct  coupling  to 
the  propellers,  or  over  the  weight  of  corresponding  reciprocating 
engines.    At  the  same  time,  by  reason  of  the  high  speed,  the  turbines 

d  with  reduction  gear-  will  effect  a  reduction  of  twenty  to  thirty 
percent  in  steam  consumption,  especially  for  cruising  -peeds,  as  com- 
pared with  the  ordinary  -team  rates  required  by  any  present  designs 

turbine  driven  ships  or  vessels  equipped  with  reciprocating  en- 
gines.   It  is  believed  that  the  demonstration  of  the  practicability  of 

Auction  gearing  for  large  ho:  er,  which  has  been  made  by 

the  Neptune,  will  serve  to  change  the  entire  situation  with  reference 
to  the  application  of  power  to  naval  vessels.  It  will  be  appreciated 
that  the  reduction  in  steam  consumption  is  accompanied  by  a  corre- 
sponding decrease  in  the  capacity  of  boilers  required  for  a  given 
horse-power  capacity  of  engines. 

All  steam  and  exhau-t  connections  are  made  to  the  lower  half 

the  turbine,  and  the  upper  half  of  the  turbine  is  so  arranged  that 
it  can  be  quickly  thrown  back  upon  its  hinges,  thus  placing  both 
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stator  and  rotor  blades  open  for  immediate  inspection  at  any  time 
that  occasion  demands.  The  construction  of  these  turbines  is  such 
that  the  steam  may  be  turned  directly  into  the  apparatus  when  cold, 
and  full  speed  attained  in  le^s  than  one  minute.  This  is  in  strong 
contrast  with  the  forms  of  construction  which  have  thus  far  been 
used  in  the  case  of  steam  turbine-driven  vessels  for  naval  service, 
where  pre-heating  for  from  three  to  ten  hours  is  necessary,  depend- 
ing upon  the  size  of  the  unit.  The  floating  frame  of  the  reduction 
gear  serves  to  maintain  a  uniform  tooth  pressure,  a  form  of  con- 
struction which  is  familiar  to  those  acquainted  with  the  type  of  re- 
duction gear  used  for  large  stationary  power  units.*  The  method 
for  floating  the  pinion  frame  represents  a  new  development  and  pro- 
vides both  for  an  elastic  motion  and  a  separation  between  the  casing 
of  the  pinion  and  the  main  casing  of  the  gear.  Vibration  is  thus 
very  materially  reduced.  At  the  same  time,  the  design  provides  inci- 
dentally for  a  form  of  hydraulic  dynamometer  by  means  of  which 
the  horse-power  delivered  by  the  turbine  to  the  propeller  shaft  can 
be  determined  from  a  suitably  calibrated  gauge.  The  importance 
of  such  a  means  of  correctly  measuring  the  horse-power  in  the  op- 
eration of  ships  is  quite  obvious.  Oil  under  pressure  for  floating 
the  frames  is  obtained  by  the  pumping  action  of  the  bearings.  The 
pressure  is  thus  automatically  regulated  so  as  to  correspond  exactly 
with  the  load  of  the  work  being  done. 

The  turbines  are  provided  with  both  engine  room  and  bridge 
pneumatic  control.  The  object  of  the  bridge  control  is  to  place  the 
operation  of  the  turbines  under  the  direct  control  of  the  commander, 
at  his  own  discretion,  without  the  necessity  of  employing  the  usual 
system  of  signals  between  the  bridge  and  the  engine  room.  The 
control  mechanism  is  exceedingly  simple,  and  is  so  arranged  that 
either  engine  may  be  run  in  either  direction  at  any  speed  up  to  the 
maximum.  The  officer  on  the  bridge  can  reverse  either  or  both  tur- 
bines from  full  speed  ahead  to  full  speed  astern  in  less  than  fifteen 
seconds,  which  is  a  much  shorter  interval  of  time  than  it  ordinarily 
takes  to  communicate  signals  from  the  bridge  to  the  engine  room 
with  other  types  of  control.  With  the  speed  and  direction  of  both 
turbines  under  instant  control,  the  ship  can  be  turned  in  a  very 
short  radius. 

This  feature  in  connection  with  the  bridge  control  proved  itself 
very  effective  while  we  were  at  Guantanamo  Bay.   We  had  received 


*See  article  by  Mr.  H.  E.  Longwell  on  "Improvements  in  Marine  Tur- 
bine Reduction   Gear''  in  the  Journal   for  January,  1912,  p.  69. 
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instructions  by  signal  from  the  flagship  to  take  a  certain  position 
relativ<  ne  of  the  battleships  which  were  lying  at  anchor  in  the 
bay  and  after  starting  to  carry  out  instructions  our  flagship  sent  us 
a  mess  the  effect  that  we  had  misinterpreted  signals.    When 

the  engines  were  stopped  our  position  was  such  that  it  was  necessary 
to  turn  the  collier  within  ver)  small  space.  In  order  to  put  the  bridge 
control  system  to  .1  test  the  Neptune's  commander  started  the  two 
turbines  in  opposite  directions  and,  with  nit  manipulating  the  rudder, 
turned  the  ship  practically  as  if  it  were  mounted  on  a  pivot. 

STANDARD!/  \T1<  IN    TRIALS 

Upon  arrival  at  Rockland  on  February  9th,  preparation  was 

made  for  the  standardization  trials.  On  the  morning  of  the  10th, 
trial   runs  were  made  under  such   unfavorable  weather  conditions 

that  it  was  decided  to 
repeat  them,  and  as  the 
weather  proved  to  he 
much  more  favorable 
on  the  nth,  the  trials 
were  made  at  once  and 
proved  to  be  most  satis- 
factory. 

The  object  of  the 
standardization  trials  is 
to  obtain  exact  data  re- 
garding  the    number   of 

FIG.    2 — VIEW    ON    DECK    LOOKING    AIT.    SHOWING        revolutions     of     the     ])1"0- 
IING  COVERED  WITH    ICE  pdjer    shaft     pef    minutc 

corresponding  to  given  speeds.  For  this  purpose  the  ship  is  run 
over  a  measured  course  with  the  propellers  revolving  at  a  certain 
ed  which  is  maintained  as  nearly  constant  as  possible.  The 
time  required  to  cover  the  measured  distance  is  duly  recorded. 
From  this  data  curves  arc  plotted  from  which  the  desired  relation 
between  the  revolution-  per  minute  of  the  propeller  and  speed  in 
knots  per  hour  may  be  determined.  In  the  case  of  the  Neptune,  the 
run  was  made  at  turbine  speeds  of  800,  900,  1  000,  1  100,  1  200  and 
1  300  r.p.m.  respectively. 

DITRAN(  I.  1  RIALS 

With  this  information  established  we  next  made  an  endurance 
run  of  sixteen  hours  from  Rockland,  Me.,  to  Boston,  where,  as  men- 
tioned above,  we  stopped  for  fresh  water  supply.     During  this  run 
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tare ful  observations  were  made  regarding  speed  in  knots  per  hour, 
revolutions  per  minute  of  propeller  shaft,  steam  horse-power  deliv- 
ered by  boilers,  horse-power  delivered  by  turbines  to  propellers  as 
indicated  by  the  hydraulic  dynamometer  apparatus,  and  coal  con- 
sumed, and  from  these  observations  data  regarding  water  and  coal 
rates,  etc.,  and  speeds  maintained  were  calculated.  The  specifica- 
tions drawn  up  by  the  Navy  Department  called  for  a  maximum 
speed  to  be  maintained  on  endurance  trial  of  fourteen  knots  an  hour. 

An  endurance  trial 
made  last  Fall  indicated 
to  those  vitally  con- 
cerned with  the  per- 
formance of  the  Nep- 
tune that  the  propellers 
were  not  working  at  as 
high  efficiency  as  could 
reasonably  be  expected. 
Accordingly  after  these 
trials,  during  which  the 
Neptune  had  failed  to 
live  up  to  speed  re- 
quirements, the  propel- 
lers were  replaced  by  a 
new  design,  with  which 
she  was  equipped  for 
the  present  trials.  That 
the  trials  were  success- 
ful will  be  indicated  by 
the  fact  that  the  Nep- 
tune averaged,  for  the 
sixteen  hour  run,  a 
speed  of  14.25  knots  per 
hour,  and  showed  14.65 
knots  for  the  last  four 
hours.  This  run  was  made  in  the  face  of  a  cold  wind  which  froze 
the  spray  all  over  the  hull  and  rigging,  as  shown  in  Fig.  2. 

The  Neptune  left  Boston  navy  yard  on  the  morning  of  Thurs- 
day, February  15th,  and  we  enjoyed  a  day  of  fine,  clear  weather. 
On  the  second  day  out  a  stiff  northeasterly  gale  was  encountered 
while  we  were  off  the  coast  of  Cape  Hatteras.  The  construction  of 
the  collier  is  such  that  a  great  amount  of  water  was  shipped.     In 


FIG.    3 — THE   DECK    IX    CALM    WEATHER 

View  toward  bow,  showing  bridge. 
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fact,  (.luring  the  mosl  severe  pari  oi  the  storm,  which  continued 
for  some  twenty-two  hour-,  the  water  was  running  even  full  amid- 
ships. The  conditions  will  he  appreciated  by  referring  to  Figs.  3, 
:  5.  which  show  respectively  a  view  looking  forward  in  calm 
weather,  a  similar  view  during  the  storm,  and  a  view  of  the  sea 
taken  while  it  was  running  high.  It  was  calculated  that  the  Neptune 
shipped  hetween  fourteen  and  fifteen  hundred  tons  of  water  when 
running  full  from  gunwale  to  gunwale.  With  this  excessive  weight 
of  water  on  the  upper  amidship  deck  there  was  sufficient  proof  of 
the  wonderful  buoyancy  of  the  vessel,  its  excellent  structure,  and 
its   sea-worthiness,   for  under  similar  conditions  it   is  well   known 


FIG.   4 — OFF  CAPE   HATTF.RAS 

"Water  from  gun'le  to  gun'le." 

that  many  ships  have  gone  down  due  to  the  breaking  of  their  back. 
The  most  noteworthy  thing  that  developed  during  this  severe 
test  on  the  Neptune  was  the  fact  that  perhaps  50  or  75  times  during 
the  storm  the  propellers  momentarily  cleared  the  water  while  the 
collier  was  riding  a  heavy  wave.  Through  the  remarkably  satisfac- 
tory operation  of  the  automatic  governors  with  which  the  turbines 
were  equipped  the  propeller  speed  did  ncrt  vary  sufficiently  from 
normal  to  cause  any  perceptible  shock  when  they  again  struck  the 
water.  The  full  significance  of  this  can  be  appreciated  only  by  those 
who  have  experienced  the  shock  which  results  under  similar  circum- 
stances in  the  case  of  large  ships  equipped  with  engines  having  no 
governing  mechanism  when  the  rapidly  accelerating  propellers  strike 
the  water  after  an  interval  of  clearance. 
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The  remainder  of  the  voyage  to  Guantanamo  Bay  was  made 
through  fine  weather  and  the  opportunity  was  taken  of  putting  the 
bridge  control  feature  to  test  under  ordinary  cruising  conditions. 
The  adequacy  and  efficiency  of  operating  the  ship  by  this  means 
without  the  use  of  the  rudder  was  fully  demonstrated. 

COALING 

Upon  arrival  at  Guantanamo  Bay,  on  February  20th,  we  had 
the  demonstration  of  the  bridge  control  feature,  when  the  signals 
were  misinterpreted,  as  described  above.  We  had  opportunity  here 
to  see  the  method  of  coaling  battleships  at  sea.     It  was  remarkable 


FIG. 


-VIEW    FROM    ABOARD   THE      NEPTUX1 


IHOWING    HIGH    SEA    DURING   GALE 


to  see  with  what  expedition  the  work  was  carried  on  by  the  coal 
handling  equipment  of  the  collier. 

Another  device  which  has  been  successfully  tried  out  on  the 
Neptune  is  an  attachment  known  as  the  Porhydrometer,  an  ingenious 
mechanism  manufactured  by  the  Porhydrometer  Company,  Ltd.,  of 
London,  by  means  of  which  the  amount  of  cargo  received  by  the 
ship,  or  discharged  from  it,  is  automatically  indicated.  The  Neptune 
is  the  first  ship  in  the  United  States  Government  service  to  be  equip- 
ped with  this  device.  It  works  on  the  principle  of  varying  hydraulic 
pressure  with  change  in  draft  of  the  ship,  and  by  its  use  many  a  dis- 
pute between  engineers  of  vessels  delivering  and  receiving  coal  may 
be  obviated. 


A  MOTOR  DRIVEN  PIANO  FACTORY 

W    J.  KYLE 

WOOD-\Y<  >KKIX(  i     plants     as    electric    power    prospects 
may     be     classed     under     two     general     heads ; — those 
using  dry  kilns,  such  as   furniture  and  piano  factories, 
and   those   UOt    requiring  kilns,   such    as   mills   and   general   wood- 
work;- iblishments.     In  studying  the  first  class,  the  value  of 
exhaust    steam    from    the    engine    is    usually   greatly    over- 
timated  and  many  times  the  power  engineer  gives  up  without  a 
careful  analysis  of  the  conditions;  in  fact,  he  often  does  so  before 
seeing  the  plant  at  all.     The  problem  here,  is  to  educate  the  manu- 
facturer to  conserve  his  waste  products  for  the  purpose  of  heating 
his  kilns  and  securing  the  same  economies  from  the  consumption 
wood  waste  as  he  would  if  he  were  paying  money  for  coal,  as 
it  represents  the  same  thing.     The  second  class  presents  the  diffi- 
culty of  disposing  of  the  waste,  but  it  is  by  no  means  an  insur- 
mountable one  if  the  power  man  will  exercise  a  little  ingenuity  in 
looking  for  a  solution. 

In  the  case  of  a  furniture  manufacturer,  where  the  use  of 
exhaust  steam  is  a  factor  and  the  operating  load  is  not  over  300 
horse-power,  there  is  no  reason  for  giving  up  hope  merely  because 
the  first  thing  the  manager  says  is  that  he  burns  as  much  coal  dur- 
the  fourteen  hours  that  the  engine  is  shut  down,  as  he  does 
while  it  is  running,  as  an  analysis  of  this  statement  will  reveal  the 
cau-e.  In  the  first  place  he  is  firing  for  heat  only  during  the 
coldest  fourteen  hours  of  the  twenty-four  and  during  the  remain- 
ing ten  hours  he  is  usually  allowing  no  fuel  value  for  his  offal, 
to  account  for  the  coal  increase  during  the  non-operating  hours. 

In  addition  to  this,  it  i-  quite  commonly  found  that  the  heat- 
ing inadequate  and  poorly  installed,  and  that  in  many 
ca-es  return  pipes  are  higher  than  the  steam  supply  line  and  con- 
sequently require  a  high  pressure  to  force  the  air  and  condensation 
ahead,  the  steam  doing  the  work  by  expansion.  The  owner  thus 
gets  the  impression  that  he  must  carry  a  high  pressure  in  order  to 
get  the  temperature  required  and  pays  no  attention  to  the  question 
'.he  proper  amount  of  radiation,  circulation  or  intake  and  dis- 
charge of  fresh  air  in  the  kiln-  proper.  These  are  things  he  no 
doubt  knows  about  but  he  does  not  know  the  relation  each  bears 
to  the  other.     If  the  power  solicitor  will  start  at  the  kiln  and  talk 
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efficiency  of  operation  ami  steam  heating  economy  before  discuss- 
ing kilowatt-hours  and  electric  power,  he  will  get  the  confidence 
of  his  prospect  because  he  is  talking  about  something  in  which  the 
prospect  is  very  much  interested,  and  which  he  understands,  and 
finding  that  the  solicitor  displays  a  knowledge  of  factory  opera- 
tion, the  prospect  will  come  to  the  point  of  kw-hours  without  any 
forcing,  because  he  is  interested. 

One  plant  of  this  type  which  the  writer  investigated  was  using 
central  station  power,  but  the  conditions  were  not  as  favorable  as 
they  could  have  been.  The  kilns  contained  32  400  cubic  feet  of 
lumber,  and  during  the  day  they  burned  the  offal  with  no  atten- 
tion   to    economy,    the    steam    pressure    ranging    from    50    to    125 


FIG.    I — GENERAL   VIEW   OF   INTERIOR   OF    FACTORY    OF    SCHUMANN    PIANO    COMPANY 

Showing  freedom  from  obstruction  of  aisles  and  good  lighting.     Con- 
ditions after  shafts  and  belts  were  removed. 

pounds,  the  blowing  off  point,  and  during  the  fourteen  hours  shut 
down,  they  burned  two  tons  of  coal,  the  condensation  being  trap- 
ped and  returned  to  the  boiler  with  a  pump.  It  was  found  that  at 
least  30  percent  of  the  offal  was  wasted  during  the  day,  and  with 
a  vacuum  system  they  could  have  cut  the  total  fuel  in  half. 

It  is  necessary  for  the  central  station  to  do  the  engineering 
for  this  class  of  business  because  the  manufacturers  must  be  edu- 
cated in  efficiency  and  economy  of  steam  consumption,  and  the 
engineering  is  too  complicated  for  the  average  business  man  to 
understand.  Again,  this  class  of  plants  frequently  include  an 
Underwriter's  fire  pump,  which  requires  50  pounds  steam  pressure 
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at  the  throttle  for  24  hours  per  day.     The  Underwriters'  lowest 

for  maintaining  steam   for  this  pump  is  $365  per  year, 

which  does  not  include  repairs,  oil,  waste,  packing,  etc.,  and  applies 

only  where  the  steam  pipes  are  covered  with  the  best  of  materials 
and  the  cylinders  well  jacketed  to  reduce  the  condensation,  and 
when  the  whole  proposition  is  figured  out  from  an  operating 
standpoint,  it  can  readily  he  seen  that  the  higher  initial  cost  of  an 
electric  pump  i-  justified.  If  the  conditions  are  right,  a  centrifugal 
pump  can  he   selected   which   will   reduce  the  cost  of   the  pump,  as 


FIG.   2 — MOTOR    DRIV1  ■  I'KR 

h   which   a   motor   may  be  mounted   in   any   out-of- 

n.  and  the  convenient  n    of    the    starting    box    and 

ch.    T!  •     provides  ease  of  control  and  minimum  wiring. 

well  as  u-e  a  high  -peed  and  consequently  a  cheaper  motor.  Fur- 
thermore, the  valve  maintenance  of  the  duplex  outfit  can  ht 
avoided  and  a  very  simple  arrangement  provided.  The  pump  will 
t  nothing  for  operation  unless  it  is  called  upon  in  case  of  fire 
and  can  be  made  automatic  or  non-automatic,  depending  upon 
what  companies  the  customer  is  insured  with.  There  are  many 
conditions  which  differ  with  different  installations  and  the  power 
engineer  must  work  out  the  individual  case.     An  automatic  1  000 
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gallon  per  minute  Underwriters'  centrifugal  fire  pump  ordinarily 
costs  about  S2  4CX),  while  a  duplex  automatic  outfit  costs  about 
$3000,  but  the  water  supply  conditions  must  be  understood  before 
selecting  a  pump. 

The  Schumann  Piano  Company  of  Rockford,  111.,  have  a  most 
modern  and  up-to-date  system  of  electric  drive  taking  central 
station  current  exclusively  fur  their  factory.  About  eight  years 
ago  this  company  moved  into  a  building  which  was  formerly  oc- 
cupied as  a  chair  factory  and  until  recently  the  old  engine  and 
shafting  were  used  by  the  Schumann  Company.  Owing  to  the 
increased  demand   for  high  grade  pianos  the  management  decided 


FIG.    3 — VIEW    OX    FIRST    FLOOR 

Showing  absence  of  motors,  which  are  mounted  on  the  ceiling  of  the 
basement. 

to  greatly  increase  their  capacity.  The  question  of  power  arose, 
and  in  going  over  the  old  plant  and  shafting  it  was  found  that  the 
entire  plant  would  have  to  be  remodeled  in  order  to  have  an  up- 
to-date  factory.  With  the  old  arrangement  the  machines  were 
scattered  around  the  large  mill  room  with  no  view  to  having  each 
machine  in  the  most  convenient  place. 

A  little  sceptical  at  first,  the  management  was  soon  convinced 
that  central  station  power  at  a  reasonable  figure  per  kw-hour 
would  admit  of  a  more  systematic  arrangement  of  machines  and 
save  at  least   10  percent  of  the  cost  per  hour,  even  with   the  dry 
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kil:  supply  with  steam.     In  laying  nut  the  reconstruction  of 

the  plant,  consideration  was  given  first  to  routing  the  raw  material 
through   the    factory;   second,   to   the   convenient    location   of   the 

switches    and    auto-starters,    and    third,    to    the    motor    location    in 

-pace  and   reduce  the  number  of  belts.      In  all, 
177  h  wer  of  squirrel  cage  induction  motors  were  installed, 

rai  n  size  from    '  _■   to  40  horse-power,  according  (<>  the  re- 

quirements of  the  machine,  most  of  them  being  located  on  the 
rafters,  near  the  ceiling,  and  driving  through  the  floor  to  the 
machines  located  on  the  floor  above.  Practically  all  of  the  belts 
arc  covered  by  wooden  troughs,  or  so  enclosed  as  not  to  endanger 
the   workmen. 


PIG.  4-  t700   R.P.M.    INDUCTION    MOTOR, 

IVING    A    55   INf  B    I'.I.ov,  1  K 

j  a  motor  mounted  on  a  ceiling  to  drive  a  machine  on  the  floor 
above. 

In  addition  to  these  m  electric  glue  pots  have  been   in- 

stalled, and  have  proven  more  than  satisfactory,  inasmuch  as  they 
ha-  placed  over  600  feet  of  steam    piping   and    saved   consider- 

able time  by  having  the  glue  at  the  man'-  side  ready  for  immediate 
use,  where  before  it  was  necessary  for  the  workmen  to  walk  to 
the  center  of  the  room  for  his  glue,  a  distance  in  some  instances, 
of   over    fifty    f<  The   wiring    is   prota  ted    with    iron    conduit 

wherever  there  is  a  possibility  of  mechanical  injury,  and  all  meters, 
main  switches  and  current  transformers  are  located  on  the  side 
walls,  in  a  cabinet,  which  allows  free  access  when  opened. 
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The  present  electrical  equipment  has  made  a  remarkably  large 
saving  in  space  and  has  done  away  with  over  1  000  feet  of  shaft- 
ing. Jiy  studying  the  requirements,  the  engineer  who  laid  out  the 
new  installation  was  ahle  to  place  the  machines  in  such  a  posi- 
tion that  now  the  wood  comes  from  the  dry  kilns  and  passes  from 
one  machine  to  the  next  until  it  is  ready  for  the  different  depart- 
ments. Formerly,  when  the  machines  were  placed  where  they 
were  most  convenient  to  the  shafting,  it  traveled  about  the  mill 
room  several  times. 

The  cellar  was  at  one  time  a  mass  of  shafting  and  belting, 
which  has  now  been  removed  and  the  entire  basement  has  been 
added  to  the  factory  as  available  floor  space.  It  is  the  intention 
of  the  management  to  have  trucks  drive  into  the  cellar  and  unload 
directly  into  the  elevator,  and  in  this  way  facilitate  the  handling  of 
material. 

When  working  up  the  data,  one  thing  was  especially  notice- 
able; namely,  that  at  least  75  percent  of  the  machines  were  operat- 
ing at  less  than  normal  speed.  These  speeds  were  brought  up  to 
the  normal,  thus  materially  increasing  production. 

This  plant  lias  been  operating  with  motor  drive  nearly  two 
years,  and  is  running  well  within  the  original  estimate  of  power 
consumption  and  dry  kiln  healing.  The  waste  wood  is  amply  suf- 
ficient to  furnish  fuel  so  that  60  pounds  of  steam  can  be  carried  for 
the  fire  pump  and  dry  kiln  during  the  day  and  in  addition  to  the 
offal,  the  night  watchman  uses  a  thousand  pounds  of  coal  to  carry 
him  over  the  night.  The  dry  kiln  is  72  X  22  feet,  with  a  capacity 
of  3  600  feet  of  lumber. 

The  following  points  have  been  demonstrated  in  this  wood- 
working shop :  the  initial  cost  of  increased  power  secured  from  a 
central  station  is  less  than  the  installation  of  a  steam  plant  and 
shafting;  a  great  gain  in  floor  space  has  been  made,  and  the  operat- 
ing cost  compares  favorably  with  the  best  isolated  plant  figures. 
One  thing  that  might  be  of  particular  interest  to  the  power  man  is 
that  the  offal  in  this  shop  is  small — practically  nothing  when  com- 
pared with  regular  wood-working  establishments. 

The  time  spent  in  changing  over  was  three  and  one-half 
days,  but  only  two  working  days  were  lost  as  Saturday  afternoon 
and  Sunday  were  included  in  the  time.  The  data  of  the  more 
important  machines  is  given  in  Table  I. 
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Tin  capacity  in  motors  is  177  horse-power;  the  24 

hour  load  factor  is  0.4.  and  the  consumption  per  piano  is  60  kw-hr. 

The  peaks  arc  practically  all   less   than    10  seconds  duration.      The 

kiln   dried   lumber  is  <>t"   <  >;ik   and    Maple,   which   are   the   principal 

in   the   construction   of   the   pianos,    outside   of  the 

veneer.    The  total  power  consumption  during  1910  and  191 1  aver- 

d  about  9500  kw-hours  per  month.     About  150  men  are  eni- 

yed,  working   10  hours  per  day.     This   plant  has  given  excep- 

TABLE    I— M0T0K    REQUIREMENTS    FOR    WOOD   WORKING 
MACHINES  AT  SCHUMANN   PIANO  COMPANY   FACTORY 


Machii 
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Peak  III'. 

Ave.  HP. 
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14  in.   rip   saw    

1 5  in    rip  saw                        

in.  f  a  c  e   planer    

in    face   planer    

Jn  in.  face   planer    

_  ■    in    planer     

planer    .  .             

continuous    i> »inter     

ing    machine    

1 4  in    doul              

k  e  r     

two-headed  shaper   

hand    saw     .  . 

drum  sander   



12  in    rip   saw    

belt    <-ander    

cten si< »n    drill        

48  in.                     

back    cleaner    

tional  lion  in  every  detail.     It    has    been    visited   a   number 

of  times  by  manufacturers  <-f  the  same  product   from  other  parts 
intry  and  they  have  become  so  enthusiastic  with  the  in- 
llation  at  thi  ry,  that  several  of  them  have  declared  that 

they  would  make  changes    in   line   with   the   ideas  carried   out   at 
the  Schumann    Piano  Company.     Since  motor  drive  has  been   in- 
led,  the  pr^luct  ha-  increased  20  percent  with  no  increase  of 
the  r  bill  over  the  estimate  given  during  the  negotiation  and 

'h  a  decreased  c  shop  labor. 


BATTERY  CHARGING  EQUIPMENTS  FOR 
ELECTRIC  VEHICLES 

T.  H.  SCHOEPF 

TI I  lr.  successful  development  of  electric  vehicles,  both  pleasure 
cars  and  commercial  trucks,  has  resulted  in  such  reliable  and 
economical  operation  that  they  are  being  installed  in  large 
ami  increasing  numbers.  Concerns  which  own  many  cars  usually 
equip  private  garages,  but  there  is  an  increasing  demand  for  more 
public  garages  wherein  owners  of  one  or  more  cars  may  have  them 
cared  for.  In  the  public  garage,  cars  must  be  handled  which  are 
equipped  with  a  wide  diversity  of  electrical  apparatus,  the  storage 
batteries,  in  particular,  differing  in  type,  capacity  and  number  of 
cells.  In  order  to  secure  flexible  operation  in  a  garage,  it  is  desir- 
able that  the  battery  charging  equipment  be  arranged  so  that  the 
batteries  of  any  car  may  be  charged  from  any  circuit. 

In  order  that  the  batteries  may  be  charged  economically,  the 
energy  should  be  supplied  at  a  voltage  closely  approximating  that 
required  at  the  batter}-  terminal-  and  with  a  minimum  of  ohmic  re- 
sistance introduced  in  the  charging  circuit  to  secure  voltage  regula- 
tion. In  general,  the  batteries  may  be  separated  into  two  classes  as 
regards  charging  voltage,  i.  e.,  60  volts  and  110  volts,  but  the  volt- 
ages have  to  be  adjusted  to  suit  the  number  and  type  of  cells  and 
state  of  charge.  Therefore,  the  switchboard  should  be  equipped 
with  a  double  bus-bar  system  and  arranged  so  that  each  charging 
circuit  may  be  switched  onto  the  bus-bar  whose  voltage  is  best 
suited  for  the  individual  battery.  Ordinarily,  a  single  bus-bar  isf 
used  and  a  rheostat  is  introduced  in  each  charging  circuit  so  that 
the  voltage  may  be  regulated  to  that  required  at  the  battery  termi- 
nals. A  rheostat  so  proportioned  that  the  ohmic  resistance  may 
be  raised  over  sufficiently  wide  limits  to  regulate  the  voltage,  will 
be  large  and  costly  and  the  waste  of  energy  prohibitive.  A  careful 
analysis  of  the  requirements  for  battery  charging,  and  a  study 
of  the  means  by  which  these  may  be  fulfilled  satisfactorily, 
leads  to  the  conclusion  that  the  bus-bar  voltages  must  be  capable 
of  variation  over  a  wide  range  without  interruption.  A  compilation 
of  data  on  the  batteries  now  in  use  shows  that  the  voltage  must  be 
varied  from  60  volts  to  ito  volts,  although  there  are  a  few  batteries 
requiring  less  than  60  volts. 
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the  purpose  of  discussing  the  battery  charging  problem,  a 
particular  g  ge  will  be  taken  for  example.  The  cars  cared  for 
therein  arc  equipped  with  batteries  as  indicated  in  Table  I.  Each 
night  batteries  have  to  be  charged  and  ears  washed,  inspected  and 

oiled;  therefore  all  the  ears  arc  not  on  charge  at  the  same  time  al- 
though sufficient  charging  circuits  arc  provided  so  that  the  70  cars 
ild  be  charged  at  the  same  time  it'  necessary  or  desired. 

\;  present  the  em  taken  from  a  three  wire  230-115  volt 

supply  system  and  the  voltage  is  reduced  to  that  required  at  the 
battery  terminals  by  the  introduction  of  ohmic  resistance  into  each 
charging  circuit.  The  wastefulness  of  this  scheme  renders  its  con- 
tinued use  highly  undesirable  and  it  is  planned  to  make  use  of  a 
schi  1  "ii  sound  engineering  principles.    Two  motor-genera- 

tor equipments  will  meet  the  conditions  most  satisfactorily,  each  set 
to  be  of  75  kilowatts  capacity,  and  each  of  the  generators  to  be  shunt 
wound  so  that  its  voltage  may  be  varied  from  60  to  125  volts  by 

TABU-!  [—BATTERY  DATA  OF  CARS  IN  A  PUBLIC    GARAGE 


\\>    .,f  (Vile 

Charging  Amp.                 Volts 

01  ^ars       Battery 

Start 

Finish         Start 

1  -J              52 
12              60 
9 
30             L02 

Finish 

10               I.tad 

■• 
•• 
Alkali 

24 

40 

80 

28 
22 
30 

61 

71 

L02 

111 

field  adjustment  The  advantages  secured  are  as  follows: — 
Either  th  machine-  may  he  connected  to  either  of  the  bus-bars 

a  double  bus-bar  system  and  the  voltage  regulated  to  best  suit 
the  batteries  being  charged;  if  one  machine  should  break  down  the 
other  set  can  be  used  to  charge  any  batteries  that  may  be  connected 
in  circuit  and  the  operation  of  the  garage  continue  without  serious 
interruption.  When  few  ears  are  to  be  charged,  the  second  motor- 
gener.v  >wn  and  the  load  factor  continue  to  be 

high. 

In  order  to  reduce  the  of  the  equipment  the  double  bus-bar 

may  have  a  common  negative  which  permits  single-pole  switches 
in  the  charging  circuits,  these  switches  to  be  double  throw  so  that 
each  circuit  may  be  switched  on  to  either  bus-bar,  and  thus  the 
charging  rheostats  may  be  cheaply  proportioned  and  at  the  same  time 
be  large  enough  for  n  any  battery  connected  to  a  bus-bar  of  its 

proper  voltage  classification.     If  the  charging  platform  or  room  is 
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situated  some  distance  from  the  switchboard  a  system  of  lamp  indi- 
cators may  be  installed  so  that  the  car  operator  or  battery  man  may 
signal  the  switchboard  attendant  that  a  particular  charging  circuit 
is  to  be  switched  on  to  circuits  having  one  or  the  other  voltage  clas- 
sification^. 

The  electrical  connections  for  a  system  as  outlined  above  are 
shown  diagrammatically  in  Fig.  1  with  one  battery  charging  circuit 
only  indicated,  the  other  circuits  being  exactly  similar.  It  will  be 
noted  that  the  ammeter  for  the  battery  circuits  is  connected  so  that 
the  current  in  any  one  circuit  or  the  total  current  for  any  number  of 
circuits  may  be  observed.  If  all  of  the  cars  are  started  charging  at 
approximately  the  same  time,  it  will  be  seen  by  reference  to  Table  I 


100  Volts  Positive 


Rha   Mr 


_  Voltmeter 
T  Receptacle 


FIG.     I — WIKING    DIAGRAM     FOB    SWITCHBOARD    FOR    TYPICAL    GARAGE    OR    LARGE 
COMMERCIAL   AUTOMOBILE   CHARGING    STATION 

The  current  and  voltage  in  any  charging  circuit  can  be  read  by  a 
single  ammeter  and  voltmeter. 

that  one  generator  is  to  be  adjusted  for  60  to  65  volts  and 
the  other  for  102  volts,  which  results  in  a  minimum  dissipation  of 
energy  in  resistance  of  each  circuit.  However,  if  the  charge  of  some 
of  the  batteries  is  further  advanced  than  others,  the  bus-bar  voltage 
must  be  raised  at  an  early  time  and  the  charging  rheostats  adjusted 
for  the  batteries  whose  charge  is  not  so  far  advanced.  But  the  in- 
crease in  bus-bar  voltage  is  by  very  small  increments  depending  on, 
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the  fineness  of  the  field  resistance,  so  thai  the  conditions  of  charging 
continue  to  he  highly  economical.  As  a  matter  of  fact,  a  plant  of 
this  size  will  require  the  constant  attention  of  a  switchboard  man, 
ne  or  more  batteries  can  be  switched  off  for  a  short  time 
or  the  charge  continued  at  a  lower  rate  if  higher  economy  may  he 
secured  thereby.  In  this  connection  it  should  be  home  in  mind 
that  the  highest  economy  may  be  secured  only  by  having  the  bus-bar 
voltages  as  near  as  possible  to  those  necessary  at  terminals  of  the 
batteries  and  this  should  he  the  voltage  required  hy  the  hattery 
whose  charge  is  most  advanced. 

Records  show  that  electric  vehicles,  particularly  trucks,  operate 
on  an  average  of  24  days  per  month,  or  288  days  per  annum,  and 
each  hattery  on  an  average  is  discharged  two-thirds  of  its  rated  ca- 
pacity. Therefore,  a  garage  equipped  to  care  for  the  hatteries  as 
indicated  in  Table  1.  will  have  to  deliver  to  the  hatteries  647  kilo- 
watt-hours per  day  or  [86336  kilowatt-hours  per  annum.  Assum- 
ing that  the  average  efficiency  of  conversion  is  75  percent  for  the 
motor-generator  set,  the  demand  from  the  supply  system  will  be 
248  44S  kilowatt-hours,  which  at  four  cents  per  kilowatt-hour 
amounts  to  $9938  annually.  Practically  the  whole  of  this  load 
comes  at  the  "oft  peak"  period,  hence  this  source  of  revenue  should 
appeal  to  central  station  managers  as  most  desirahle  and  to  be 
encouraged.  It  may  he  of  interest  to  note  that  an  average  of  9.24 
kilowatt-hours  per  day  is  delivered  at  the  terminals  of  each  ve- 
hicle, which,  corrected  for  efficiency  of  conversion  amounts  to 
12.32  kilowatt-hours  at  the  supply  mains.  These  estimated  costs 
for  power,  when  compared  with  puhlished  data,  may  he  considered 
as  conservative,  in  that  no  factor  has  been  used  to  correct  for  peri- 
odic overcharging  of  the  batteries. 


STREET  LIGHTING  BY  METALLIC  FLAME 

ARC  LAMPS 

W.  P.  HURLEY  and  C.  B.  PADON 

RECENT  developments  in  the  design  of  existing  types  of  elec- 
tric lamps,  as  well  as  the  introduction  of  new  and  improved 
types,  have  made  available  more  suitable  illuminants  to  meet 
the  requirements  for  city  and  suburban  street  lighting.  The  general 
interest  manifested  in  the  application  of  scientific  principles  to  il- 
lumination problems  has  included  streets,  parks  and  public  areas, 
as  well  as  the  industries.  The  problem  may  be  considered  as  two- 
fold:— first,  the  securing  of  highly  efficient  lamps  from  the  physical 
standpoint ;  and  second,  the  making  of  an  analytical  study  of  the  re- 
quirements of  street  illumination. 

The  old  open  carbon  arc  lamp  has,  in  the  majority  of  cases, 


FIG.    I — TYPICAL    INSTALLATION"    OK    METALLIC    IT. AMI.    ABC    LAMPS 

been  replaced  by  the  enclosed  carbon  arc  lamp,  which  in  turn  has 
been  superseded  by  impregnated  carbon  lamps  or  lamps  using  elec- 
trodes of  a  metallic  nature.  This  last  type,  while  comparatively  new, 
has  met  with  a  wide  demand  due  to  its  excellence  in  the  matter  of 
light  giving  properties,  low  maintenance  and  efficiency  of  operation. 

ILLUMINATION    FACTORS 

The  most  important  consideration  in  the  illumination  of  streets 
is  the  production  of  a  fairly  uniform  and  sufficiently  intense  light 
on  the  street,  without  excessive  glare.  The  conditions  which  affect 
this  result  may  be  enumerated  as  the  spacing  distance,  the  mounting 
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height  oi  the  lamp,  the  distribution  curve  of  the  lamp,  and  the  type 
r  reflector  used.  It  is  desirable  that  general  rules  should 
be  followed  for  the  location  of  street  lamps,  but  difficulties  are  often 
encountered  due  to  the  necessity  of  locating  lamps  at  arbitrary  loca- 
tions. Lamps  are  commonly  placed  at  street  corners  or  crossings, 
and  the  great  diversity  of  existing  spacing  distances  is  largely  ex- 
plained by  the  irregularities  in  the  length  of  city  blocks. 

The  uniformity  of  street  illumination  is,  of  course,  largely  de- 
pendent on  the  distribution  curve 
of  the  lamps  used  and,  ohviously,  if 
the  spacing  distance  is  great,  the 
distribution  curve  musl  be  such  that 
the  light  will  be  thrown  in  large 
quantities  at  relatively  small  angles 
below  the  horizontal  in  order  that 
points  midway  hetween  lamps  may 
be  illuminated  to  approximately  the 
same  degree  as  those  portions  of 
the  street  near  the  lamps.  The  dis- 
tribution curve  of  the  metallic 
flame  arc  lamp  is  adapted  in  an  ex- 
cellent manner  to  this  purpose. 

I    features  undoubtedly   form 
one  of  the  major  items  considered 
in   connection   with    streel    lighting 
terns,    and    it    is    of    interest    to 
note    that    the    cost    of    operating 
metallic  flame  arc  lamp  systems  in 
connection  with  mercury  arc  recti- 
fier-,   including   the   various    items 
from  the  coal  bin  to  the  lamp  itself, 
with   interest   and   depre- 
tion  on  the  original   investment, 
is  actually  less  than  for  any  former 
tern     of     arc     lighting    giving     equivalent     illumination.      1  his 
tern  further  yield-  considerably  greater  average  illumination  for 
a  given  expenditure  of  energy  than  any  of  the  older  systems,  and  in 
tho  -.here  an  existing  installation  of  arc  lamps  of  the  older 

type  furnishes  what  may  be  considered  adequate  light,  the  introduc- 
tion of  metallic  flame  arc  lamps  may  greatly  reduce  the  energy  con- 
sumption and  maintenance  costs,  as  well  as  maintain  an  equal,  or 
even  greater,  amount  of  illumination. 
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Sometimes  it  is  found  advisable  to  use  the  metallic  flame  arc 
lamps  in  the  business  districts,  while  outlying  sections  may  be  lighted 
by  series  tungsten  lamps  which  have  been  designed  with  current 
ratings  such  as  to  permit  their  use  in  series  with  arc  lamp  circuits. 
This  gives  an  exceptionally  flexible  system  which  has  been  u-cd  in  a 
large  number  of  cases  with  excellent  results. 

ITEMS  CONNECTED  WITH  THE  LIGHTING  EQUIPMENT 

One  of  the  objections  in  the  past  to  the  u^e  of  direct-current 
series  arc  lamps  has  been  the  question  of  power  distribution.    The 

necessity  for  using  constant  current  arc  generators  has  frequently 
caused  the  economy  and  superior  qualities  of  direct-current  series 
systems  to  be  overlooked  in  favor  of  the  more  efficient  method  of 

TABLE  I— WATTS  CONSUMED  IN   ARC   LAMP   CIRCUITS 


Type  of  I,anip  and  Source 
of  Power 

i  Amp.  D.  C.  Series  Metallic  Flame 
Operated  from  Mercury  Rectifier 

At               I-ine 
Camp       Ipsa  pi  i 
T<  i  minals      Lamp 

Regula- 
tor  l,cis-~ 
per  I.amp 

'  '■'  aerator, 

Motor  and 

Trans. 

Total  Watts 

per  I,amp 
at  A.  C. 
Bus-Bars 

305 

272                  1" 

23 

w 

6.6  Amp.  D.  C  Series  Metallic  Klaine 
—Operated  from   Mercury  Rectifier 

'.SO 

25 

515 

7.5  Amp.  A.  C  Series  Enclosed 

— Oper'td  from  Constant  Cur.  Trans. 

468 

35 

20 

523 

6.6  Amp.  D.  C-  Series  Metallic  Flame 
—Operated  from  Arc  Generator 

6.6  Amp.  n.  C  Series  Enclosed 
—Operated  from  Arc  Genei 

450 

25 

210 

685 

495 

25 

230 

750 

distribution  made  possible  by  the  use  of  alternating  current.  This 
attitude  is  no  longer  necessary  as  the  various  advantages  of  the 
direct-current  series  arc  lamp  and  the  alternating-current  system  of 
distribution  may  now  be  obtained  by  means  of  mercury  arc  rec- 
tifiers. By  this  method  alternating  current  may  be  used  as  the  sup- 
ply, as  it  is  readily  transformed  to  direct  current  for  the  lamp  by 
means  of  the  rectifiers. 

The  four-ampere  metallic  flame  arc  lamp  produces  nearly 
twice  as  much  light  as  the  6.6  ampere  carbon  arc  lamp.  Table  I 
indicates  the  various  component  efficiencies  for  the  different  appa- 
ratus connected  with  this  and  other  systems.  The  general  outlines 
of  connections  and  parts  of  the  metallic  flame  arc  lamp*  under 
consideration  are  shown  in  Fig.  2. 


*See  article  by  Mr.  D.  A.  Bowen  in  the  Journal  for  May,  1910. 
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A     :     PIl    \:      INSTALLATION    OF    POUR-AMPERE     METALLIC    FLAME    ARC 

LAMPS 

I  Mie  of  the  towns  in  which  this  type  of  lamp  has  been  adopted 
is  Decatur,  Illinois.  This  town,  with  a  population  of  about 
thirty  thousand  inhabitants,  is  representative  of  a  large  number 
medium  sized  towns.  So-called  residence  districts,  with  wide 
well  shaded  constitute  the  larger  part  of  the  town.    It  is  laid 

out  in  an  approximately  symmetrical  manner  and  thus  has  fairly 
regular  street  intersections.  This  fact  insures  satisfactory  illumina- 
n  along  practically  the  entire  length  of  the  streets  between  inter- 
sec:  with  one  lamp  at  each  intersection  and  mounted  fairly  well 
above  the  street  surface. 

The  Old  Lighting  System — This  town  has  for  many  years  main- 
tained a  municipal  water  and  lighting  plant.  Under  the  old  regime 
the  streets  were  illuminated  by  means  of  9.6  ampere  open  arc  lamps, 
ver  for  which  was  supplied  by  means  of  constant-current  genera- 
tors. Eight  towers,  approximately  130  feet  in  height,  with  four  arc 
lamps  mounted  at  the  top  of  each,  were  used  in  the  center  of  the 
.n.  The  idea  seems  to  have  prevailed  in  former  years  that  a  very 
high  mounting  of  lamps  in  clusters  was  an  advantage  as  giving  a 
very  broad  distribution  of  the  light  from  each  cluster.  Although 
the  maximum  amount  of  light  from  the  old  open  arc  lamps  was 
in  a  direction  about  45  degrees  below  the  horizontal  yet,  for  a 
mounting  height  of  130  feet,  the  intensity  of  the  illumination  on  the 
street  surface  was  so  low  as  to  be  of  little  use. 

In  addition  to  the  eight  towers,  many  of  the  other  important 
street  corners  were  equipped  with  single  units,  but  numerous  rela- 
tively dark  places  existed  throughout  the  entire  community. 

Ideas  Leading  to  Improved  Conditions — The  natural  growth 
of  such  a  community  and  the  resultant  branching  out  into  sub- 
urbs c  a  demand  for  additional  street  illumination.  The  sta- 
tion and  equipment  were  such  that  it  was  impossible  to  make  the  de- 
sired changes  without  considerably  increasing  the  size  of  the  plant. 
The  alternate  scheme  was  the  introduction  of  anew  and  improved 
tern.  The  services  of  a  consulting  engineer  were  secured  by  the 
town  and  of  the  various  types  of  lamps  on  the  market,  the  conclu- 
sion was  reached  that  the  type  of  lamp  having  the  best  qualifications 
an  installation  of  this  kind  was  the  four-ampere  metallic  flame 
arc  lamp,  current  to  be  supplied  by  eight  mercury  arc  rectifiers  of 
[OO  lights  capacity  each. 

The  New  Station  Equipment  —The  new  station  equipment  con- 
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sisted  of  three  200  kilowatt  generators  furnishing  2200  volt,  three- 
phase,  60  cycle  current.  This  particular  capacity  of  generators  and 
their  number  was  chosen  in  order  to  provide  for  future  extensions, 
if  necessary.  Arrangements  were  made  for  parallel  operation 
through  the  medium  of  the  switchboard  shown  in  Fig.  3.  This  ar- 
rangement resulted  in  the  utmost  flexibility  and  in  the  greatest  ease 
of  operation,  while  the  equipment  is  comparatively  simple.  The  rec- 
tifier- shown  in  Fig.  4  were  installed  so  that  the  connections  for  the 
different  phases  and  the  main  bus-bars  might  be  made  through  the 
medium  of  the  switchboard  shown  in  Fig.  5.  The  control  devices 
for  the  series  arc  lamp  circuits  are  also  mounted  on  this  switch- 
board. 

Each  rectifier  outfit,  consisting  essentially  of  a  constant  current 


FIG.    3 — GENERATOR    AND    FEEDER    PANELS,     ' 
PLANT,   DECATUR,   ILL. 


•NICIPAL    LIGHTING 


regulating  transformer  and  rectifier  bulb,  is  mounted  in  a  cylindrical 
tank  as  shown  in  Fig.  6.  This  transformer  has  two  stationary  sec- 
ondary coils,  one  at  each  end  of  the  opening  in  the  core,  and  two 
movable  primary  coils  suspended  by  steel  cables  so  as  to  move  in 
opposite  directions.  The  primary  and  secondary  circuits  are  not 
connected  electrically.  The  rectifier  bulb  is  mounted  in  a  container 
box  and  immersed  in  the  oil  of  the  transformer  case.  The  tempera- 
ture of  the  bulb  is  thus  maintained  at  a  low  point,  greatly  increasing 
its  life.  The  container  box  has  contacts  so  arranged  that  it  can  be 
lifted  out  through  a  door  in  the  top  of  the  tank  without  disconnect- 
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g  any  leads,  and  is  automatically  connected  again  in  the  circuit 
when  it  is  lowered  along  its  guides. 

The  ease  of  control  and  simplicity  of  wiring  arrangements  of 
these  rectifier  outfits  make  possible  their  installation  in  the  base 
ment  as  shown  in  Fig.  4.    Three  pairs  of  leads  only  are  necessary 
between  each  rectifier  and  the  switchboard  for  the  operation  of  two 

ighl  circuits. 

The  us<  •  cycle  alternating  current  on  the  primary  side  of 

these  rectifiers  has  an  additional  advantage  in  that  power  is 
available  for  commercial  lighting  and  for  motors  from  the  same 
generators  which  supply  the  direct-current  street  lamps. 


RED  LAW  Kl.<   1  IFIERS 

The  re<  '  tiled   in   the  basement,  as  they 

need  no  -  than  ai  ional  inspection.    All  oper 

ating  and  regulating  is  'lone  at  the  switchboard, 


ITEMS  RELATED  TO  THE 

Self -Starting  of  Rectifiers — In   each  bulb  box  of  the  rectifier 
outfits  is  placed  a  condenser  lead  with  a  short  piece  of  cable  to  which 
onnected  a  flexible  spring  loop.    This  loop  is  slipped  around  the 
bottom  terminals  of  the  bulb  in  contact  with  the  strips  of  tinfoil 
which  are  connected  to  the  glass  bulb.    Ti  heme  makes  possible 

what  may  be  termed  a  semi-self-starting  device  in  that  the  rectifier 
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bulb  will  start  up  ami  rectify  the  run  rut  as  soon  as  the  proper  cir 
cuits  are  closed,  provided  the  nil  in  which  it  is  immersed  is  warm 
enough.  The  self-starting  arrangement,  while  not  absolutely  posi- 
tive, will  he  found  a  great  convenience  in  preventing  the  dropping 
out  of  the  rectifiers  in  ease  of  fluctuations  or  of  a  momentary  failure 
of  the  primary  voltage.  The  elimination  of  the  necessity  for  tilting 
the  hull)  when  starting  is  a  practical  feature  which  will  appeal  to 
the  station  man. 

Operating  Features — The  installation  of  this  system  of  metallic 
flame  arc  lamps  has  resulted  in  satisfaction  to  the  community  as  well 
as  to  the  consulting  engineers,  who  have  pronounced  the  system 


FIG.    5 — RECTIFIER    PAN] 

Eight  rectifiers  and  eight  panels  are  provided,  each  car- 
rying two  50  ampere  circuits. 

practically  ideal  for  the  conditions.  The  distribution  of  light  from 
the  lamps  has  resulted  in  the  largest  component  of  light  being  effec- 
tive at  a  point  midway  between  lamps  for  the  average  spacing  and 
mounting  height.  Recent  reports  have  shown  that  the  total  lamp 
outage  does  not  exceed  three-tenths  of  one  percent,  on  the  average. 
The  electrodes  used  in  these  lamps  have  an  average  burning  life  of 
about  300  hours  for  both  electrodes. 

In  some  of  the  suburban  sections  of  the  town,  particularly  where 
shade  trees  are  in  evidence,  tungsten  lamps  are  operated  in  series 
with  the  arc  lamps  and  have  given  satisfactory  results.     As  previ- 
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jibed,  thi>  introduction  of  series  tungsten  lamps  in  connec- 
tion with  the  metallic  flame  arc  lamps  adds  a  flexibility  to  the  sys- 
tem which  was  not  practicable  until  recently. 

The  exceptionally  long  burning  life  of  tlu-  electrodes  greatly 
reduces  the  labor  of  trimming  and  an  excellenl  draft  arrangement 
keeps  the  globes  so  clean  that  there  is  practically  no  diminution  of 
light  due  I  .  even  during  these  long  periods. 

The  foregoing  items  are  presented  to  illustrate  the  various  con- 
siderations associated  with  modern  street  illumination  and  particu- 


.     EtEMO\  lb 

larly  to  indicate  how  these  have  been  met  in  connection  with   an 
tual  installation. 

It  is  believed  that  wherever  possible  the  example  of  this  com- 
munity in  obtaining  the  services  of  an  expert  engineer,  may  well  be 
followed  by  other  I  fronted  with  the  illumination  problem, 

because   such   problems   should   not  be  considered   solely   from   the 
ndpoint  of  the  commercial  cost,  but  rather  from  the  side  of  ob- 
taining satisfactory  and  sufficient  illumination   for  the  entire  com- 
munity. 


A   COMPARISON  BETWEEN  PORTABLE  ELECTRIC 
DRILLS  AND   PORTABLE  AIR  DRILLS 

A    G.  POPCKE 

IN  plants  where  both  compressed  air  and  electric  power  are  avail- 
able the  question  as  to  whether  to  use  portable  electric  or  air 
tools  should  be  given  proper  consideration.  Air  drills  have  been 
in  use  longer  and  in  many  cases  are  used  without  comparing  their 
economy  with  that  of  electric  drills. 

From  an  economic  point  of  view  the  electric  drill  shows  the  fol- 
lowing advantages : — 

Transmission  of  Pozccr—i — The  first  cost  of  wiring  is  less  than  the  first 
cost  of  piping.  All  pipe  joints  must  be  carefully  made  for  80  to  100  pounds 
gauge  pressure. 

2 — The  efficiency  of  electric  transmission  is  higher  than  that  of  air  trans- 
mission because  leakage  and  pressure  losses  in  air  pumps  are  greater  than 
the  losses  in  electric  circuits. 

3 — Water  condensed  in  air  pipes  not  constantly  in  use  is  troublesome. 

Flexible  Connection  from  Main  Transmission  to  Drill — 1 — Wire  cable  is 
smaller  and  more  flexible  than  air  hose  and,  therefore,  easier  to  handle. 

2 — The  first  cost  and  maintenance  is  greater  for  air  hose  than  for  elec- 
tric cable. 

3— Accidental  damage  to  an  electric  cable  is  at  once  manifested  in  an 
open  circuit  or  a  short-circuit,  whereas  damage  to  an  air  hose  may  result  in 
undetected  leakage  and  corresponding  decrease  in  efficiency. 

4 — A  cable  can  easily  be  extended  without  leakage  loss.  Unions  in  a  hose 
connection  cause  increased  leakag 

5 — Pressure  drop  in  a  long  air  hose  is  excessive  unless  large  hose  is  used. 
The  use  of  hose  of  large  diameter  increases  the  first  costs  and  the  cost  of 
maintenance,  and  such  hose  is  more  awkward  to  handle. 

Results  of  tests  made  on  electric  drills  are  shown  in  Table  I. 

TABLE  I— POWER  REQUIRED  TO  OPERATE  ELECTRIC 
PORTABLE  DRILLS 


Size  of  Drill      Depth  Drilled  per  Minute  T-      T  tit 

lnrh^  WhP,  KW    InPut  ,fP    InPUt 


H  Up  to  0.8  0.27  to  0.41         0.36  to  0.55 

14  Up    tO    I..S  0.53    tO   O.83  O./I    tO    1. 12 

¥4  Up  to  1.0  0.5     to  1.23         0.67  to  1.65 

iJ4  Up  to  0.5  0.41  to  1.45         0.55  to  1.95 

The  drills  are  representative  ones  of  different  manufacture ;  the 
rate  at  which  holes  were  drilled  in  steel,  in  depth  drilled  per  minute, 
was  varied  as  indicated  in  the  second  column  of  the  table.  These 
conditions  caused  the  variation  in  power  between  the  limits  given. 
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The  amount  of  power  required  for  air  drills  is  determined  from 
the  of  air  required  to  operate  them.    Air  drills  t<>  operate 

one-half  to  one  inch  drills  require  from  15  to  25  cubic  feet  of  free 
per  minute  while  operating  from  an  air  line  the  gauge  pressure 
which  i-  90  pounds.  The  curve  in  Fig.  3  shows  the  power  re- 
quire cubic  feet  oi  free  air  per  minute  with  a 
single  stag*  r  to  the  various  gauge  pressures  shown.  This 
curve  shows  the  horse-power  at  the  cylinder  and  the  horse-power  at 
the  com]'-           -haft,  assuming  a  mechanical  efficiency  of  90  percent 

Nineteen  horse-power  is  required  to  compn 


FIG.     I — PORTABLE    ELECTRIC    DRILLS    IN    USE    IN    A    REPAIR    SHOP 


100  pounds  of  free  air  to  90  pounds  gauge  at  the  compressor  shaft; 

hence  to  compress  15  to  25  cubic  feet  of  free  air  per  minute  requires 

.   to  4.8  1.  wer.     As   a  matter  of    fact,  large  transmission 

:  te  very  much  larger  figures  to  represent  the  power 

development  at  the  compressor  engine  needed  to  deliver  the  required 

amount  of  air  to  the  drill.    The  average  power  required  for  air  drills 

bout  3.5  hor  er  while   for  an  electric  drill   it  is   1.1 

ho:  er.    It  is  safe  to  say,  therefore,  that  air  drills  require  three 

times  as  much  power  to  operate  as  electric  drills. 
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The  construction  of  the  air  motors  in  such  small  sizes  is  ineffi- 
cient and  an  air  motor  of  this  type  allows  approximately  the  same 
flow  of  air  whether  it  is  running  idle  or  doing  work.  The  amount 
of  power  taken  by  an  electric  drill,  on  the  other  hand,  is  dependent 
on  the  work  actually  done. 

THE  ECONOMY  OF  POWER  DRILLS 

Great  economies  can  be  produced  by  using  elecric  drills  in  place 
of  hand  drills.    Any  one  who  has  used  an  ordinary  hand  drill  knows 

how  easy  it  is  to  break  a  twist 
drill,  due  to  slight  bending, 
and  how  much  time  is  lost  in 
removing  the  broken  tool 
from  the  hole.  Inaccuracies 
are  obtained  by  the  unsteadi- 
ness produced  when  trying  to 
hold  the  drill  in  alignment 
with  one  hand  and  supply  the 
necessary  power  in  the  form 
of  uniform  rotary  motion  with 
the  other.  With  an  electric 
drill  the  rotary  torque  is  uni- 

FIG.    2 — PORTABLE    ELFXTRIC    PRILL  J 

Adapted  for  screw  feed.  form  and   all   personal  atten- 

tion can  be  given  to  aligning  the  drill  properly.     The  breakage  of 
drills  is  reduced  to  a  very  low  point  and  the  accuracy  is  increased. 

TABLE  II— TIME  REQUIRED  TO  DRILL  %    IN.  HOLES  WITH  A 
XO.  39  DRILL  o.i"  IN  DIAMETER  IN  CAST  IRON". 


Approx.  Time  per 
Hole 

Approx.  Time  per 
ioo  Holes 

Xo.  of  Holes  per 
Hour 

By  Hand 
By  Power 

35  Seconds 
5  Seconds 

6o  Min. 
8.5 

100 

700 

The  saving  in  time  when  using  the  power  drill  is  in  the  ratio  of 
7  to  1  as  indicated  in  Table  I,  which  is  based  on  time  studies  in 
each  case. 

Electric  drills  can  be  used  for  drilling  metal  and  wood  both 
for  manufacturing  and  repair  work.  In  manufacturing  they  in- 
crease production  by  saving  time  when  employed  in  bench  work, 
in  erecting  and  assembling  work,  in  cases  where  it  is  easier  and  more 
convenient  to  bring  the  drill  to  the  work  than  to  take  the  work  to 
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tlie  drill,  and  in  drilling  holes  in  castings  where  a  drill  press  would 
he  inaccessible.     In  repair  and  maintenance  work  the  applications 

are  unlimited.  The  elec- 
tric drills  can  be  Used 
wherever  repairing  is 
done,  as  in  garages, 
small  repair  shops,  ho- 
tels, etc. 

In  remodeling  and  re- 

p  airing     auti  imobiles 

there  are  uses  for  small 

electric    drills     in     every 

stage  of  the  work.    New 

holes  are  frequently  rc- 

quired     in     the      frame, 

running  hoard,  or  other 

parts  of  the  chassis,  for 

the   application  of   the   various  accessories    used    in  well  equipped 

5,    such     as     ga-    tank>.    speedometers,    tire     holders,     license 

plat'  1   boxes,   trunk   racks, 

etc.    Some  type  of  drill  is  always 

required  for  making  holes  in  the 

frame  t<>  apply  shock  absorbers, 

supplemental    springs,    or    in 

eral  repair  work  for  drilling 

out  broken  bolt-,  or  loose  rivet-. 

in  relocating  holes  for  fend- 

and  such  parts.    Holes  must 

drilled    in    the    wooden 

body  or  sills  and  entering  holes 

ma  wood   srrews  used   in 

iring  floor  board 
and  '     rails       In    automobile 

work    it    i-    often    nece-sary    to 
rk  in  cramped  and  ii  ible 

places  and  any  one  who  ha-  been 
compelled  to  use  hand  drill-  will 
in-tantly     appreciate    the    value 

'ectrically-driven  to< 

The  portable  electric  grinders  are  closely  related  to  the  portable 

drills  both  in  operation  and  in  u-efulne-s.    They  also  can  be  used  in 


Fir,.  4 — GRINDING  AUTOMOBILE  ENGINE 
VALVES  WITH  A  PORTABLE  ELECTRIC 
DRILL 
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both  manufacturing  operations  and  repair  work  to  replace  laborious 
filing  methods,  and  in  all  cases  where  castings  are  finished. 

The  convenience  of  the  motor-driven  portable  tool,  and  its  labor 


FIG.    5 — SMALL    MOTOR-DRIVEN    RADIAL    DRILL 

and   time   saving  characteristics   form   its   most   attractive    feature 
either  for  intermittent  or  steady  loads.    Its  cost  of  operation  is  very 


FIG.     6 — MOTOR     DRIVEN     GRINDER     FOR   INTERNAL  CYLINDER  AND   DIE  GRINDING 

small.  At  the  same  time  its  great  convenience  frequently  forms  an 
entering  wedge  to  assist  in  demonstrating  to  a  factory  management 
the  many  advantages  of  the  use  of  motors  for  the  larger  machinery. 


THE  PROPER   PROCEDURE  IN  FACTORY 
ELECTRIFICATION 

WILLIAM  B.  WREAKs 

Till  red  solution  of  the  power  problem  is  of  the  utmost 
importance  to  all  manufacturers.  Consideration  should  be 
given  the  question  from  several  points  of  view,  and  a  system 
selected  that  will  meet  not  only  the  immediate  requirements  econom- 
ically but  also  permit  suitable  further  expansion  without  undue 
expense.  There  are  so  many  factors  to  be  considered,  weighed 
and  averaged  to  obtain  the  best  net  results,  that  the  average  fore- 
man, superintendent  or  manager  of  a  factory,  who  may  be  fully 
up-to-date  in  the  line  of  work  for  which  he  is  employed,  can  no 
more  keep  properly  informed  on  this  specialty  and  be  qualified 
assume  charge  of  such  work  than  a  layman  can  properly  prepare 
himself  to  argue  an  intricate  legal  case  or  do  the  work  of  a  physician 


or  surgeon. 


The  two  important  features  to  be  borne  in  mind  in  adopting 
a  system  of  electric  drive  are,  in  the  order  of  their  importance, 
adaptability  and  economy.  Too  often  the  first,  and  most  important, 
feature  is  over!  in  an  effort  to  keep  down  the  initial  invest- 

ment. Yet  this  i<  the  consideration  that  requires  expert  knowledge 
and  practical  experience  to  determine,  for  each  particular  industry, 
the  arrangement  and  equipment  best  adapted  to  the  requirements 
manufacture.  The  items  represented  by  interest  on  investment, 
well  as  the  cost  of  maintenance,  must  of  course  be  added  to 
the  f  producil  er  to  determine  the  economy  of  the  plant, 

but  it  is  often  false  economy  to  permit  this  feature  to  outweigh  the 
•  method  of  drive,  the  right  application  of  motors,  and  the 
correct  selection  of  type  and  size  of  motors  to  obtain  the  highest 
efficiency  of  production,  individually  and  collectively,  from  the  ma- 
chines to  be  driven. 

It  is  the  object  of  the  manufacturer  to  make  his  product  as 
well  as  it  can  be  made  and  then  to  effort  all  possible  economies  in 
method,  system  and  operation  of  plant  in  order  to  obtain,  under 
these  conditions,  the  highest  net  profit. 

The  ideal  installation,  from  the  point  of  view  of  convenience 
and  flexibilit  the  individual  driving  of  machines  by  their  own 

motors,  each  motor  adapted  especially  to  the  requirements  of  its 
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machine.  This  feature  can  be  carried  too  far,  however,  resulting 
in  an  unwarranted  expense  for  the  results  accomplished.  The 
work  of  the  industrial  engineer  is  to  determine  how   far  to  adopl 

the  individual  drive  method  and  what  machines  can  be  driven  in 
groups  and  still  obtain  a  method  of  drive  that  will  produce  approxi- 
mately the  desired  results.  It  is  thus  of  importance — first,  that 
the  manufacturing  conditions  and  work  to  he  performed  be  investi- 
gated and,  second,  that  a  systematic  and  intelligent  analysis  of 
power  requirements  be  made  by  some  one  with  an  expert  knowledge 
of  the  characteristics  of  the  individual  tools  and  machines,  and 
how  they  should  be  operated,  before  deciding  on  the  system  of 
motor  drive  to  be  installed. 

ADAPTABILITY 

In  considering  the  feature  of  adaptability  proper  consideration 
should  be  given  to  the   following: 

1 — The  proper  grouping  of  machines  to  give  the  best  sequence 
of  operations  in  the  different  stages  of  work  for  the  particular 
articles  to  be  manufactured. 

2 — The  manner  in  which  each  tool  or  machine  must  be  driven 
to  produce  the  best  work  most  economicallv.  which  determines  the 
required  speed  adjustment  and  control;  the  advisability  or  necessity 
of  independent  or  individual  drive,  and  the  proper  torque  and  speed 
characteristics   of   the   motor. 

3 — The  position  in  which  tools  or  machines  should  be  placed 
to  secure  good  light  and  convenience  of  operation  and  control, 
so  as  to  obtain  the  highest  efficiency  from  each  operator,  this  often 
determining  the  question  of  individual  drive  vs.  belt  drive  from 
line  shaft. 

4 — The  advantage  or  necessity  of  rigid  transmission  of  power 
to  the  machine,  determined  by  the  importance  or  necjessity  of 
uniformity  of  speed,  often  making  it  imperative  to  drive  by  indi- 
vidual motor  so  as  to  eliminate  speed  fluctuations,  which  are  im- 
possible to  prevent  in  line  shaft  drive,  with  its  varying  bearing 
friction  and  belt  slippage,  and  surging  under  changes  in  load. 

5 — The  arrangement  of  plant,  both  as  to  location  of  machines 
and  selection  and  application  of  motors,  so  as  to  most  readily 
provide  for  extensions  required  by  enlargement  of  the  manufac- 
turing plant,  increase  in  facilities  of  operation  or  re-arrangement 
of  machines  to  meet  changed  conditions  or  methods  of  manufac- 
ture, this  often  having  an  important  bearing  on  the  method  of 
drive. 
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Having  determined  upon  the  most  suitable  method  of  electric 
drive,  and  the  machines  that  should  be  driven  in  groups  and  those 
that  should  be  driven  by  individual  motors,  it  is  then  necessary  to 
make  a  careful  study  of  power  conditions,  so  as  to  select  the  proper 
power  equipment  and  the  proper  motors  to  give  the  highest  efficiency 
:  ation. 

An  important  factor  to  be  considered  is  the  advisability  of 
purchasing  current  from  a  central  station,  if  such  current  is  avail- 
able and  suitable;  or  the  installation  of  an  independent  power  plant 
in  the  factory,  and,  in  the  latter  case,  determination  of  the  size, 
e  and  characteristics  of  generator  and  of  prime  mover  most 
suitable  to  meet  the  motor  requirements.     Tn  general  it  is  safe  to 

that  the  purchase  of  power  should  be  given  serious  considera- 
tion, even  though  it  may  appear  that  the  power  rates  quoted  would 
make  the  cost  of  power  slightly  more  than  the  cost  to  produce  it 
with  an  independent  power  plant. 

Providing  the  local  power  company  is  equipped  with  modern 
and  suitable  apparatus  and  a  progressive  management,  offers  satis- 
tory  as-urance  of  the  continuous  delivery  of  current  at  a  reason- 
ablv  constant  voltage  and  in  sufficient  volume  to  meet  the  require- 
ments  at  all  times,  there  are  many  advantages  in  purchased  power, 
entirely  apart  from  the  question  of  a  saving  in  power  cost,  as  for 
instance: — 

i — Flexibility  of  installation,  with  means  always  at  hand  for 
an  increase  in  power  to  provide  for  extensions  or  to  meet  tem- 
•  rary  demand-  for  increase  in  production,  without  having  to 
make  any  changes  except  perhaps  the  installation  of  one  or  more 
additional  motor-.  Frequently  the  motors  already  on  hand  will 
take  care  of  the  in  '  demand  through  their  overload  capacity, 

while  additional  demands  might  readily  overload  the  private  power 
plant  to  a  dangerous  extent. 

2 — If    the    :  requirements    are    reduced,    owing   to    slack 

times,  or  to  -hutting  flown  part  of  the  factory  for  any  purpose, 
there  need  be  no  reduction  in  efficiency  of  operation  because  of 
the  ne  of   keeping  an   independent  plant  running  to   provide 

an  amount  of  power  much  below  its  normal  capacity. 

3 — Power  is  available  at  all  times,  day  or  night,  to  provide 
for  overtime  operation,  without  the  necessity  of  keeping  up  an 
independent  power  plant  and  paying  wages  for  overtime  or  for 
any  extra  fireman  or  engineer. 
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4 — There  is  less  risk  of  stoppage  or  interruption  of  service 
from  a  central  station  that  is  properly  equipped  and  well  managed, 
than  from  an  independent  plant,  due  to  breakdowns,  strikes,  or 
ether  causes. 

5 — The  factory  may  he  started  more  quickly,  as  there  is  no 
necessity  of  getting  up  steam  in  boilers  or  of  going  through  numer- 
ous preparatory  operations  in  getting  a  gas  engine  plant  into  com- 
mission. 

SELECTION    OF    MOTORS 

In  making  selection  of  proper  motors,  the  value  of  experienced 
expert  advice  is  almost  indispensable,  as  a  careful  and  intelligent 
series  of  tests  must  be  made  to  determine: — 

1 — The  power  required  to  drive  each  group  of  machines  and 
each  machine  which  is  to  be  independently  driven. 

2 — The  type  and  characteristics  of  motor  to  be  used  for  each 
class  of  service. 

In  determining  the  power  required  in  an  engine-driven  plant 
with  line  shaft  and  belt  transmission,  it  is  not  entirely  satisfactory 
to  employ  the  method  frequently  adopted,  of  indicating  the  engine 
and  cutting  off  parts  of  the  plant  in  sequence  to  obtain  the  power 
required  for  the  different  groups  or  individual  machines,  and  then 
cutting  off  all  machines  to  obtain  the  transmission  losses,  as  this 
method  is,  at  best,  inaccurate  and  does  not  account  for  the  live 
load  bearing  and  belt  friction  losses,  which  in  many  plants  amount 
to  a  considerable  percentage  of  the  total  losses;  nor  does  it  give  a 
record  of  the  time  factor  in  the  operation  of  individual  machines; 
or  the  variable  losses  due  to  changing  or  intermittent  loads;  and  it 
does  not  give  the  load  cycle  of  machines  operating  with  a  periodic 
load  variation,  such  as  punches,  presses,  planers,  etc.  The  most 
reliable  method  of  determining  power  requirements  is  by  a  tem- 
porary installation  of  one  or  more  motors  to  drive  the  different 
machines  or  groups.  Tests  can  then  be  made  which  will  give  curves 
of  power  consumption  and  speed  variation,  and  from  this  data*the 
size  of  motor  can  be  accurately  and  positively  determined  as  well 
as  the  speed  and  torque  characteristics,  the  speed  regulation  and 
control,  and  the  proper  overload  capacity  required  to  operate  ma- 
chines under  most  efficient  conditions  for  the  work  to  be  accom- 
plished. 

The  selection  of  suitable  motors  from  this  data  can  be  made 
only  from  a  thorough  knowledge  of  motor  design,  in  order  that 
the  motor  selected   for  each   machine  or  group  of  machines   will 
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have  the  proper  inherent  characteristics.     Certain  classes  of  ma- 
chines require,  due  t<>  their   specific   load  conditions,  a   form  of 

1  that  can  not  be  efficiently  obtained  with  alternating- 
current  n  and  in  such  cases  they  should  preferably  be  driven 
by  direct-current  motors,  even  though  the  general  adoption  of  an 
alternating-current  m  requires  the  installation  of  apparatus 
to  convert  a  portion  of  the  power  from  alternating  to  direct-current 
this  purpose.  Other  types  of  machines,  while  operating  at 
variable  spud,  will  have  load  characteristics  that  will  permit  the 
use  of  alternating-current  motors  with  good  operating  conditions 
and  efficiency.  Some  machines  will  require  motors  with  very  heavy 
ic.  though  running  under  light  loads  when  up  to  speed, 
while  others  will  have  very  light  loads  at  starting  but  may  require 
motors  of  large  temporary  overload  capacity. 

All  of  the  above  and  many  other  operating  conditions  enter  into 
the  problem  of  determining  the  proper  motors  to  give  the  best 
average  or  net  results,  and  their  proper  consideration  is  vital  to 
the  success  of  the  installation.  Electric  motors  will  carry  over- 
loa  >nd   their  normal  capacity,  but  motors  are  built  to  carry 

ads  of  different  values,  all  the  way   from  25  to   100  percent 
above  rating,  and  for  different  periods  of  duration,  and  these  facts 
uld  be  considered  in  making  a  selection. 


THE  LONG  BURNING  FLAME  CARBON  ARC  LAMP 

C.  E.  STEPHENS 

THE  open  carbon  arc  lamp,  as  employed  commercially  for 
general  illumination  applications,  uses  plain  carbon  elec- 
trodes, the  arc  being-  maintained  in  the  open  air.  The  arc 
is  approximately  T/g  inch  long  and  practically  all  of  the  light  is  emitted 
from  the  crater  of  the  carbon  points.  On  account  of  the  fact 
that  the  air  has  free  access  to  the  arc  chamber,  the  carbons  are 
consumed  very  rapidly  and  frequent  renewals  are  required.  The 
cost  of  the  large  number  of  carbons  and  labor  required  in  trim- 
ming the  open  arc  lamp  makes  the  maintenance  cost  of  this  lamp 
very  high. 

The  old  open  carbon  arc  lamp  was  superceded  by  the  en- 
closed carbon  are  lamp  in  which  long  life  of  carbons  and  a  com- 
paratively low  maintenance  cost  is  secured,  along  with  improved 
light  distribution.  The  increase  in  carbon  life  is  secured  by  en- 
closing the  arc  in  a  glass  globe  in  which  the  supply  of  air  is 
restricted. 

The  open  flame-carbon  are,  with  converging  carbons,  differs 
from  the  plain  carbon  arc  in  that  the  light  is  emitted  from  the 
flame  instead  of  from  the  carbon  points.  The  main  body  of  the 
electrode  is  of  carbon  but  certain  light  producing  salts  are  mixed 
with  a  carbon  binder  and  form  a  central  core.  These  salts  enter 
the  arc  flame  and  cause  it  to  become  luminous.  The  use  of  the 
light  producing  salts  in  the  carbon  increases  the  efficiency  of  the 
arc  very  materially.  These  impregnated  carbons  are  very  ex- 
pensive, however,  and  when  burned  in  the  open  air  are  consumed 
quite  rapidly.  The  maintenance  cost  of  the  short-life  flame  carbon 
lamp  is  therefore  extremely  high. 

Numerous  attempts  were  made  to  increase  the  life  of  earlier 
types  of  flame  carbon  arc  lamps.  These  efforts  were  confined 
along  two  lines ;  first,  to  consume  the  carbons  in  free  air  and  pro- 
vide sufficient  carbon  material  for  long  life;  second,  to  enclose 
the  arc.  The  carbons  in  most  of  the  short  hour  lamps  are  placed 
in  a  converging  position ;  that  is,  both  carbons  are  fed  from  the 
top  of  the  lamp  and  the  lower  ends  come  together  in  a  "V"  >hape 
to  form  the  arc.  This  construction  makes  it  necessary  to  use 
a  carbon  of   small   diameter   to  make   sure  that  the  arc   will   con- 
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Mime  the  carbon  ends  evenly  and  produce  a   steady   light.     At- 
tempts to  increase  the  life  by  using  carbons  of  greater  diameter, 

resulted  in  uneven  burning  of  the  carbon  ends  and  a  very  mi- 
idy  light  This  experience  indicated  that  any  increase  in  life 
would  have  to  be  secured  by  using  longer  carbons.  Here  again, 
trouble  was  experienced  because  the  longer  carbons  required  a 
longer  lamp.  The  principal  difficulty  however  was  to  produce 
a  long  irbon  from  8  to  10  millimeters  in  diameter,  with  suf- 
ficient   mechanical    strength   to    permit    necessary    handling.      This 

was  impracticable  since  the  breakage 
oi  the  long  carbons  during  the  manu- 
facturing operation  and  in  shipping, 
increased  the  cost  to  a  prohibitive 
value.  Furthermore,  the  long  carbon 
had  a  high  resistance  which  affected 
the  regulation  of  the  lamp. 

The  next  attempt  to  secure  long  life 
of  carbons  with  the  flame  lamp,  was  to 
use  short  carbons  of  small  diameter, 
placing  from  6  to  12  carbons  in  the 
lamj)  magazine  at  each  trimming  and 
providing  a  lamp  mechanism  suitable 
for  feeding  these  carbons  into  the  arc 
in  succession.  This  scheme  was  un- 
successful because  of  the  complicated 
lamp  mechanism  required  for  per- 
forming the  feeding  operation.  Fur- 
ther experiments  with  a  magazine 
lamp  were  halted  by  the  remarkable 
results  obtained  with  an  enclosed 
flame  carbon  arc.  Impregnating  salts 
in  flame  carbons,  after  being  volatilized,  pass  from  the  arc  and  con- 
deii  a  white  powder.     Any  attempt,  therefore,  to  enclose  the 

arc,  involved  th<  of  some  scheme  to  prevent  this  powder  from 

condensing  on  the  glassware  where  it  would  obstruct  the  light. 

A  sectional  view  of  the  arc  and  condensing  chambers  of  an 
enclosed  flame  arc  lamp  as  illustrated  below  shows  that  the  arc  is 
enclo-ed.  The  amount  of  air  admitted  to  the  enclosure  is  a  min- 
imum. The  globe  is  accurately  ground  to  insure  good  contact  with 
the  globe  seat.     The  upper  condensing  chamber  is  of  metal,  and 
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on  account  of  its  large  area  exposed  to  the  air,  its  temperature 
is  comparatively  low.  The  arc  chamber  is  formed  by  the  upper 
half  of  the  glass  globe,  and  is  very  hot. 

Hue   to    the    characteristic    shape   of    the    enclosing   globe    the 
lower    portion    is   comparatively    cool   and    forms    the    lower   cou- 
rt densing  chamber  in  which  the  heavier  gases  will 
cy  condense.      The    lighter    gases     from    the    arc 
^r^    ^V  are  carried  by  air  currents  into  the  upper  con- 
f       j-frrt        i         densing    chamber,    leaving    the    section    of    the 
globe    surrounding    the    arc    very    clear.     This 
scheme  of  condensing  the  products  of  combus- 
tion in  such  places  as  will  offer  no  obstruction  to 
the  light  rays  is  a  distinctive  feature  of  the  lamp 
and   to   its   effectiveness   is 
due     the     success    of     the 
long  burning  flame  carbon 
lamp. 

The  general  appearance 
of  a  long  burning  flame- 
carbon  arc  lamp  is  shown 
in  Fig.  i,  while  Fig.  2 
shows  the  internal  mech- 
anism of  a  lamp  of  the 
constant  current  series 
type.  The  mechanism  is 
of  the  focusing  type — 
which  maintains  the  arc 
in  one  position  throughout  the  life  of  the  car- 
bons. The  feeding  and  control  mechanism 
of  the  lamp  operates  on  the  differential  prin- 
ciple. The  upper  carbon  holder  is  connected 
to  the  lower  carbon  side  rod  by  a  flexible 
chain  which  passes  over  a  chain-wheel  in 
a  rocker  arm.  With  no  current  on  the  lamp, 
the  carbons  come  together  by  gravity.  When 
current  is  turned  on  the  series  coil  strikes 
the  arc  by  actuating  the  rocker  arm;  the  shunt  coil  is  con- 
nected across  the  arc  and  opposes  the  pull  of  the  series  coil  on 
the  rocker  arm.  The  movement  of  the  rocker  arm  rotates  the 
chain  wheel  and  regulates  the  arc  length.  As  the  carbons  are 
consumed  the  floating  movement  of  the  rocker  arm  trips  a  release 


FI<;.  2  —  MECHAN- 
ISM OF  SERIES 
ALTERNAT- 
ING -  CURRENT 
LONG  BURNING 
FLA  ME  CARBON 
ARC     LAMP 


FIG.  3 — MECHANISM 
OF  MULTIPLE  AL- 
TERNATING -  CUR- 
RENT LONG  BURN- 
ING FLAME  CARBON 
ARC    LAMP 
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m  on  the  chain  wheel  and  permits  the  carbons  to  approach  each 
other  and  feed  together.  This  scheme  is  known  as  the  "sneak" 
:.  Feeding  of  the  carbons  does  nol  cause  the  light  to  flicker, 
the  case  in  a  lamp  using  a  clutch.  The  carbons  arc  fed  into 
the  arc  at  the  same  rate,  the  upper  carbon  being  made  larger  in 
diameter  than  the  lower  one  to  neutralize  its  naturally  faster  burn- 
ing rate  and  to  secure  a  steadier  arc  by  preventing  the  flame  from 
running  up  the  side  of  the  upper  carbon. 

[nstead   of    having   an    impregnated    core,   the   entire   carbons 
are   impr<  1    with   a   salt,   which   supplies   the   luminous  char- 

acteristic of  the  arc.     This  salt  is  thoroughly  mixed  with  the  carbon 
particles    and    a    homogeneous    mixture    is    secured.      Considerable 

development  work  has  been 
necessary  to  produce  a  suit- 
able carbon  for  the  flame 
arc  lamp.  The  conditions 
to  be  met  are  that  the  light 
must  be  steady,  without  ob- 
jectionable flicker,  of  uni- 
form color  and  brilliancy, 
and  with  a  life  of  not  less 
than  ioo  hours.  It  is  nec- 
essary to  provide  a  suf- 
ficient proportion  of  salt  to 
maintain  the  volume  of 
light  at  a  satisfactory  value 
and  to  mix  this  light  giving 
salt  thoroughly  with  the  carbon  base  to  form  a  homogeneous  mass. 
0  great  a  proportion  of  the  luminous  salt,  however,  increases 
the   possibilit  the    formation   of   an   insulating   slag  when   the 

rbons  are  cold.     This  insulating  slag  causes  the  lamp  to  fail  to 
<;tart    when    current    is    turner]    on.     Carbons     can      be    secun  d 
that    will    give    from    2500   to    3  (/x>   maximum    candle-power.     It 
uld  probably  be  better  practice  to  use  a  carbon  giving  slightly 
er   candle-power    values,    which    will    be    free    from    insulating 
g  conditions  and  insure  reliable  and  successful  service.    To  insure 
reliability   of   service,   the   carbons   used   are   those   giving   a   com- 
mise  between  volume  of  light,  life  and  reliability  of  operation. 
The  dimensions  of  the  upper  carbon  are  0.79  by   10  inches    (20 
by  250  millimeters;,  and  of  the  lower  carbon  0.71  by  8.5   inches 
(18  by  220  millimeters;.     Carbons  producing  either  a  yellow  or 
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white  light  can  be  used.  Their  dimensions  are  such  that  they  ran 
be  handled   with   reasonable  care  without  breakage. 

The  design  of  the  long-burning,  flame  arc  lamp,  is  exceedingly 
flexible.  With  only  slight  modification,  the  lamp  can  be  arranged 
to  operate  on  standard  commercial  circuits  of  any  voltage,  whether 
alternating  or  direct  current.  It  is  a  particularly  desirable  feature 
of  lamp  design,  to  have  as  many  parts  as  possible  common  to  the 
entire  line. 

The  multiple  alternating  current  flame  carbon  arc  lamp  has  the 
same  general  features  of  design  as  the  series  lamp,  viz.,  focusing 
arc,  sneak  feed,  condensing  scheme,  carbons,  arrangements  of  car- 
bons, etc.  The  mechanism  is  of  the  rocker  arm  type  as  is  used  in 
the  series  lamp  except  the  shunt  coil,  cut-out,  etc.,  are  omitted.    The 
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arc  operates  at  10  amperes,  43  volts.  An  auto-transformer  is 
mounted  in  the  top  of  the  lamp  and  serves  to  change  the  line  voltage 
from  1 10  volts  to  that  required  by  the  arc.  The  secondary  voltage 
regulation  of  the  auto-transformer  has  a  drooping  characteristic 
which  provides  the  necessary  "ballast"  for  the  arc — thus  elimin- 
ating the  usual  resistance  for  this  purpose.  This  feature  is  particu- 
larly desirable  since  it  makes  it  possible  to  take  advantage  of  the 
superior  efficiency  of  the  flame  carbon  when  operated  at  a  compar- 
atively high  current  value.  For  a  given  energy  consumption,  of  say 
500  watts,  a  greater  efficiency  and  a  steadier  arc  will  be  secured 
from  a  10  ampere,  50  volt  arc  than  from  a  7  ampere,  72  volt  arc. 
A  typical  curve  of  light  distribution  for  the  long  life  flame 
carbon  arc  lamp  with  carbons  arranged  vertically  is  shown  in  Fig. 
4-     This  curve  shows  the  characteristic  distribution  of  the  lamp  in 
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a  vertical  plane.    Certain  conditions  of  installation  such  as  spacing, 
mounting  height,  etc.,  make  it  desirable   to  increase  or  decrease 

the  amount  of  light  emitted  at  the  various  angles,  to  obtain  the 
highest  illuminating  efficiency.  This  distribution  is  easily  secured 
by  the  use  of  suitable  reflectors  to  adapt  the  lamp  for  these  various 
applications.  'The  luminous  flame,  being  in  a  vertical  position, 
gives  a  maximum  candle-power  from  30  to  40  degrees  below  hor- 
ntal  and  rapidly  decreasing  candle-power  values  above  and 
below  these  angles.     This  characteristic  distribution  of  light  makes 

this  lamp  particularly  adapted  for 
the  illumination  of  large  areas. 
I  lie  luminous  efficiency  of  the 
lamp  varies  from  n.j^  to  0.40 
watts  per  mean  lower  hemi- 
spherical candle-power,  depend- 
ing upon  the  carbon  used. 

The  series  design  is  used 
largely  for  street  Illumination, 
and  other  areas  where  series  cir- 
cuits are  permitted.  The  alter- 
nating-current series  lamps  are 
operated  from  the  secondary  of  a 
constant  current  regulating  trans- 
am-    former.     These  transformers  are 

.er     Condenser.      The    ma(lc  jn  6,    12,  25,  35,  50,  7S  and 
heat  prevents  the  gases  from  con-  ...         .  .,, 

densing  on  the  glass  at  bb.  The  long    ioo   light   sizes,   with   an   average 

points  show  how  the  lighter   efficiency  of  about  95  percent  for 
gases   are  carried  by  the  air  currents    .,  .  .  -r,         ,      ,    •     . 

into   the  upper   condensing   chamber,    the   various  sizes.      The   electrical 

The    short    arrows    show    how    the  efficiency  of  the  lamp  is  94  per- 
heavier     gases     circulate     into     the  ...        cr   •  e  *i 

,-er  secTion  of  the  globe  and  con-  cent'  and  the  efficiency  of  the  en- 

-e,    leaving    the    section    of    the  tire    series    system    from    bus-bar 

globe    surrounding    the    arc    unob-   .  ,     \-        <•        , 

ted  to  arc,  including  line  loss,  is  ap- 

proximately 90  percent. 
The  multiple  lamps,  both   alternating  and   direct-current,   are 
used    largely    for    mills,    factories,    docks,    railroad    yards,    display 
lighting,    etc.,    having   a   general    application    wherever   the    short 
life  flame  carbon  lamp  is  installed. 

The  general   features  of  this  type  of  lamp  which  are  worthy 

special  notice  are  the  high  luminous  efficiency  of  the  lamp;  the 

comparatively  low  maintenance  cost  for  a  flame  carbon  lamp ;  the 

superior   distribution   of   light    for   large   areas,   and   the   flexibility 


FIG.    5 — HRAFT      SCHEME     OF     ENXLOIED 
A  ME     CARBON     ARC     LAMP. 
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of  design  which  adapts  the  lamp  for  operation  on  standard  voltages 
of  commercial  circuits,  both  alternating  and  direct-current.     This 
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FIG.    6— DIAGRAM      SHOWING     PRINCIPLE 
OF    SNEAK     FEED     MECHANISM. 


type  of  lamp  is  deserving  of  special  consideration  in  extensions 
and  particularly  in  improved  lighting  propositions  for  street  and 
industrial  illumination. 


GEAR  DATA  FOR  MOTOR  APPLICATIONS 

C.  W.  DRAKI5 

IN  the  selection  or  specification  of  pinions  for  motors  in  geared 
applications,  three  dimensions  must  be  determined;  namely,  the 
face,  diameter  and  pitch.     These  dimensions  vary  symmetric- 
ally according  to  the  strength  required,  or,  in  other  word-,  according 
to  the  torque  exerted  in  transmitting  power.     As  the  horse-power 
and  speed  of  the  motor  in  any  case    determine   the   torque,    it    is 
lent  these  are  the  factors  determining  the  proper  dimensions  of 
a  pinion  for  the  motor.    A  line  of  pinions  with  di  i  ensions  increas- 
mmetrically  with  the  torque  will  therefore  answer  the  purpose 
for  all  combinations  of  horse-power  and  speed.     Every  geared  ap- 
plication   requires    special    consideration,    since   the    nature    of    the 
lie  shaft  diameter,  etc.,  may  affect  the  dimensions  of  the 
pinion. 

The  dimensions  for  pinions  for  average  conditions  of  sen  ice 
are  given  in  Fig.  i.  This  chart  is  useful  in  making  preliminary  esti- 
mates or  selections  of  pinions  for  geared  motors.  The  chart  applies 
without  correction  to  steel  pinions  only.  The  diameters  arc  con- 
'ered  about  standard  for  the  various  ratings,  although  both 
smaller  and  larger  pinions  can  generally  be  used,  the  limiting  size 
for  small  pinions  being  the  strength  and  number  of  teeth,  and,  for 
large  pinions,  the  pitch  line  speed. 

For  example,  to  determine  the  steel  pinion  for  a  five  horse- 
ver  motor  at  i  200  r.p.m.,  find  the  intersection  of  the  oblique  line 
marked  5  Up  with  the  horizontal  line  through  1  200  r.p.m.  On  the 
vertical  line  through  this  intersection  may  be  found  21.9  pounds 
torque.  2.3  inches  pinion  face,  3.2  inches  pitch  diameter,  and  a  dia- 
metral pitch  of  4.85.  A  2.25  in.  pinion  face  is  good  practice  here, 
since  pin:  e  dimension-  with  fractions  smaller  than  O.25  in.  are 

not  commonly  used.     The  diametral  pitch   is  also  usually  a  whole 
numb'  '  for  very  large  pinions,  where  half  pitches  are  some- 

times 0  that  a  pitch  of  5  would  probably  be  used  in  the  ;ibove 

Since  the  number  of  teeth  is  the  product  of  the  pitch  diam- 
eter and  the  diametral  pitch,  the  assumed  pitch  diameter,  3.2  in.,  is 
with  the  5  pitch,  because  it  gives  a  whole  number  of 
th  ;  that  is  16. 
In  gear  drive  the  pinion  is  subject  to  most  rapid  wear  owing  to 
■     iiameter.     It  is  as  important  to  have  a  pinion  of  good 
wearing  qualities  a^  it  is  to  have  one  of  sufficient  strength  and  for  a 
pinion  of  a  given  material,  the  ability  to  withstand  wear  depends 


GEAR  DATA 


553 


a 

r- 

x 

- 

-^ 

w 

a 

. 

; 

» 

- 

u 

^ 

h 

»-. 

u. 

/. 

o 

_ 

V 

s 

T 

* 

- 

BC 

- 

— 

u 

H 

f 

U 

i: 

-- 

C 

^* 

w 

z. 

^ 

V 

is 

y 

w 

i — 

- 

- 

D 

x 

c 

^-* 

trt 

- 

z 

— 

—. 

!- 

- 

^ 

3 

_ 
1 

IE 

> 

^_, 

w 

s-. 

M 

■_, 

— 

u 

- 

- 

-- 

> 

'-• 

o 

^ 

m 

,-.. 

^ 

o 

< 

H 

a 

u 

7. 

is 

-< 

g 

^ 

a 

?. 

w 

u. 

- 

- 

■r, 

■- 

^ 

■-■ 

- 

A 

X 

_: 

'.'- 

_ 

- 

- 

T 


554  THE  El  ECTRIC  JOURNAL 

mainly,  it"  not  wholly,  on  the  width  of  the  face.  With  a  steel  pinion 
and  a  cast  ir<>n  gear  the  former  is  usually  the  limiting  tarter  of  life 
and  the  latter  the  limiting  factor  <»t"  strength. 

>1  steel  are  about  twice  as  strong  as  cast  iron,  and 

should  be  used  when  the  tare  of  a  corresponding  east  iron  gear 
\\<>nld  he  4.5  inches  or  more,  although  the  rust  is  approximately 

uble  that  of  cast  iron.  With  continuous  contact  all  along  the 
length  of  the  teeth,  the  strength  of  the  gear  is  approximately  pro- 
portional to  the  face  ami  the  square  of  the  circular  pitch,  bul  gear 

th  seldom  make  such  contact  until  worn  down  in  service.  With 
nc  -  the  whole  pressure  is  brought  t<>  bear  on  the  high  spots, 

ami  stripping  may  occur  before  they  are  worn  down;  hence  the 
nea  f  using  the  stronger  material. 

NOISE  AM'  PITCH   LINE  SPEED  LIMITS 

Spur  ordinarily  negin  to    make  a  noticeable  noise  at  pitch 

lim  Is  of  about  600  feet  per  minute,  but  under  average  condi- 

tions   may   not   become   disagreeably   noisy  with   pitch   line  spec^K 
under  1  200  feet  per  minute.     The  amount  of  noise  allowable  de- 
pends on  the  noise  made  by  surrounding  machinery,  on  the  charac- 
ter of  the  workmen,  and  on  the  nature  of  the  work  in  the  vicinity. 
A  noise  that  would  he  unnoticeable  in  a  boiler  shop  might  he  ex- 
dingly  disagreeable  in  a  shop  that  was  otherwise'  comparatively 
quiet.     Where  noise   is  not  a  limiting  feature  there  is  no  limit   to 
allowable  pitch  line  speeds,  except  the  increased  wear  and  depre- 
of  the  motor,  gear-  and  driven  machine;  hut  depreciation 
may  become  a  very  important  factor  with  high  pitch  line  speeds, 
feet  per  minute,  or  sometimes  even  less.     Tests  recently 
made  to  determine  a  design  for  gears  that  will  give  the  least   noise 
and  yet  have  sufficient  strength  and  wearing  qualities,  indicate  the 
following  fa<ts,  other  conditions  being  the  same: 

1 — I  having  large  teeth  give  forth  a  relatively  greater  vol- 

ume of  noise  at  a  low  pitch  that  does  not  carry  far,  while  gears 
having  -mailer  teeth  give  forth  a  smaller  volume  of  noise  at  a  higher 
pitch  that  carries  fir*' 

2 — Most  of  the  noise  1  from  the  gear,  and  not  from  the 

pinion  or  the  motor. 

3 — A  gear  designed  so  that  it  will  give  a  dead  sound  when 
struck  a  blow  with  a  hammer  will  be  the  1  in  operation. 

BRONZE  AND  RAW   HADE  PINIONS 

For  equal  strength  the  working  face  of  raw  hide  pinions  must 
be  about  25  percent  wider  than  corresponding  steel   pinion-.      For 
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quiet  operation,  only  the  raw  hide  should  be  in  contact  with  the 
gear,  although  for  high  torque  motors  and  for  other  severe  service 

the  gears  may  be  u  idened  to  cover  the  entire  pinion,  thus  making  use 
of  the  metal  flanges.  Where  steel  pinions  would  make  objection- 
able noise,  raw  hide  pinions  should  be  used  if  the  stresses  permit, 
since  the  pitch  line  speed  with  a  raw  hide  pinion  is  limited  more  by 

the  rapid  wear  of  the  pinion  than  by  noise.  A  pitch  line  speed  of 
2000  feet  per  minute  is  considered  a  fair  average  limit  for  raw 
hide,  but  -'  500  to  3000  feet  per  minute  may  be  used  under  espe- 
cially favorable  conditions  regarding  attendance,  lubrication,  ab- 
sence of  moisture  or  high  temperature,  for  intermittent  service,  or 
where  the  life  of  the  pinion  is  not  important. 

.  The  wear  and  noise  of  bronze  pinions  are  intermediate  between 
those  of  raw  hide  and  steel.  Hnrnze  pinions  are  particularly 
adapted  to  conditions  where  heat  and  moisture  prohibit  the  use  of 
raw  hide.     Their  cost  is  about  the  same  as  raw  hide. 

CONDITIONS   FOB    NOISELESS  OPERATION 

Rigid  and  massive  supports  and  close  fitting  bearings  for  both 
the  motor  and  the  driven  machine  arc  conducive  to  a  noiseless  gear 
drive,  and  the  pinion  should  always  be  placed  close  to  the  motor 
bearing.  A  gear  application  with  motor  mounted  upon  the  ceiling 
might  be  twice  as  noisy  as  the  same  application  with  motor  mounted 
on  a  concrete  foundation. 

l'IN'IONS  FOR    HIGH    TORQUE   MOTORS 

For  series  motors  and  those  heavily  compounded,  as  bending 
roll  motors,  or  for  motors  subject  to  very  severe  service  of  any 
kind,  select  a  pinion  suitable  for  a  constant  speed  motor  of  the 
same  rated  r.p.m.,  but  of  about  50  percent  higher  horse-power. 

SELECTION  OF  RATIO  FOR  BACK  GEARED   MOTORS 

A  ratio  of  about  6  to  1  is  usually  standard  for  back  geared  mo- 
tors, and  should  be  selected  wherever  possible,  but  smaller  ratios 
down  to  3  to  1  or  maximum  ratios  up  to  7  to  1  may  be  obtained  in 
certain  capacities  of  motors  for  sen-ice  where  the  conditions  of  the 
application  warrant  the  use  of  such  ratios. 

OUTBOARD  BEARINGS 

Outboard  bearings  should  be  used  for  geared  motors  of  about 
40  horse-power  and  above  in  heavy  geared  service  requiring  con- 
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tin  pe  rat  ion  with  frequent  reversing  and  overloads;  also  for 

all  ir.  ut    i'"»  1)  iwer  and   above  in  any  geared 

service. 

The  proper  use  of  outboard  bearings  cannol  be  emphasized  too 

strongly,  since  on  account  of  increased  expense  there  is  a  tendency 

unit  them  even  where  good  engineering  demands  their  use.     It 

•   membered  that  the  be-t  service  is  invariably  the  cheapest 
in  the  end. 

VINITIONS    ANH    FORMU1 

\   cir  ircumfcrcnce  \  through   the  point  of  contact   on 

each  t  in  tlie  line  ■  nitf  the 

heels  is  called  the  fitch   circle.     The   diameter  of  this 
rcttmference  is  the  pitch  line 
rs,    is    always    understood    to    mean    the 

. 7i  is  the  numher  of  teeth  to  each  inch  of  the  pitch  diam- 
eter pinion  has  iS  teeth  and  the  pitch  diameter  is  3 
inc'                             teeth  to  each  inch  of  the  pitch  diameter  and  the  diametral 

Circular  Pitch  is  the  distance  from  the  center  of  one  tooth  to  the  ccntir 
of  the  next,  m<        red  along  the  pitch  line. 

In  the  following  formulas.  f>»r  use  in  ^r<  ar  problems:— 
d1   —  Pitch  diameter  of  pinion  I)1         Pitch  diameter  of  gi 

d  Outside  diameter  of  pinion       I)  Outside  diameter  of  gear 

Circular  pitch  n  Number  of  teeth  on  pinion 

Diametral  pitch  N  Number  of  teeth  on  gear 

Gear    ratio         N        °J         '» 
=  l1)  n  d1  d 

p  ~d     "<       d'  "S,    (  6) 

P  r-t   1 

'   <"    Ul f7) 

,       2...(3)      "        JJj (8) 

■•■    n     -s,';r ( ») 

K  r   •    I 

S  d'(r-t-n  (10) 
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DEVELOPMENT  IN  THE  TUNGSTEN  LAA\P 

DR.  G.  P.  SCHOLL.  Consulting  Engineer, 
Westinghouse  Lamp  Company 

DIKING  the  past  year  or  more  the  quality  of  the  tungsten 
lamp  has  been  consistently  and  uniformly  improved,  both 
from  a  manufacturing  and  from  a  lamp  engineering  stand- 
point. From  the  manufacturing  standpoint  the  improvement  con- 
sisted in  the  raising  of  the  average  quality  of  the  lamps  manufac- 
tured, due  to  the  standardization  of  factory  processes  and  increased 
experience  of  the  operators.  From  the  lamp  engineering  standpoint 
the  improvement  was  due  to  an  exhaustive  scientific  and  practical 
study  of  the  constructional  details  of  the  lamp  and  of  the  proper 
relations  of  the  various  component  parts. 

The  ordinary  user  of  tungsten  lamps  cannot  realize  how  many 
different  points  have  to  be  taken  into  consideration  in  the  manufac- 
ture of  such  a  lamp.  The  average  life  of  a  tungsten  lamp  depends 
not  only  upon  the  filament,  though  that  is,  of  course,  of  paramount 
importance,  but  also  on  a  number  of  other  factors  which  can  affect 
its  quality  deleteriously,  if  they  have  not  been  properly  taken  care 
of  during  the  manufacture.  One  of  the  most  important  of  these 
factors  is  the  choice  of  the  proper  material  to  be  used  for  the  an- 
chors, which  hold  the  tungsten  filament  in  position.  No  less  im- 
portant is  the  determination  of  the  proper  cross-section  of  the 
anchor  material  in  its  relation  to  the  diameter  of  the  filament  in  the 
various  types  of  tungsten  lamps. 

The  tungsten  filament  in  a  lamp  burning  at  normal  efficiency 
is  heated  up  to  an  extremely  high  temperature,  which  is  estimated 
at  about  2300  degrees  C.  This  temperature  is  very  considerably 
higher  than  the  melting  point  of  the  majority  of  the  metals  which 
commercially  come  into  consideration  as  materials  to  be  used  for 
the  anchors.  It  is  therefore  necessary  to  make  the  anchors  of  such  a 
cross-section  that  they  will  not  be  overheated  at  the  point  where  the 
filament  touches  them.  This  will  invariably  happen  if  the  cross-sec- 
tion of  the  anchor  material  is  too  small  and,  as  a  consequence,  the 
metal  of  which  the  anchor  consists  will  be  vaporized,  and  the  vapor 
will  deposit  upon  the  inner  surtace  or  tne  lamp  bulb  and  blacken  it. 
Furthermore,  it  is  easily  possible  for  the  filament  to  stick  to  the 
anchor,  and  then  when  the  lamp  is  turned  off,  the  filament  may 
break,  because  it  has  not  sufficient  leeway  to  contract.    In  the  early 
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types  of  tungsten  lamp-  it  happened  quite  frequently  that  the  lamps 
did  not  give  satisfaction  and  blackened  on  accounl  of  the  anchor 
material. 

11  the  other  hand,  if  the  cross  section  of  the  anchor  is  too 
large,  it  will  exert  too  much  of  a  cooling  action  on  the  filament 
itself,  and  a  comparatively  large  amount  of  filament  will  not  be  in- 

nt,  and  that  part  of  it  which  is  incandescent  will  he  strained 
considerably  more  than  it  should  he. 

Another  problem  presented  itself  when  it  was  found  that  the 
ecluded  in  the  metal-,  which  could  he  used  as  anchors,  played 
a  not  unimportant  role.  It  is  of  course  well  known  in  general, that 
all  commercial  metals  contain  a  certain  amount  of  occluded  gasi  . 
but  for  tl  ter  part  of  the  n<es  to  which  these  metal-  are  put, 

this  phenomenon  i-  not  n\  much  importance'.  The  case  is  different, 
however,  with  a  tungsten  lamp,  which  ha-  to  be  evacuated  t"  a  very 
high  d<  and  it  i-  very  important  that  this  vacuum  he  maintained 

unimpaired  during  the  life  of  the  lamp.  A-  the  gases  occluded  in 
the  anchor  metal  are  given  off  very  gradually,  and  to  that  extent 
impair  the  vacuum,  it  was,  of  course,  important  to  choose  metals 
which  contain  a  minimum  amount  of  occluded  gases. 

From  these  brief  remarks  it  (-an  immediately  he  realized  what 

a  1  mount  of  research  work-,  on  the  part   of  the  lam])  maker-, 

wa-  n<  ry  to  obtain  the  proper  material   for  these  anchor-  and 

to  estahlMi  their  proper  dimensions.    These  are  different,  of  course, 

r  each  type  of  lamp,  because  each  type  has  a  different  filament 

diameter,  and  the  cro ection  of  the  anchors  must  hear  a  certain 

proportion  to  the  diameter  of  the  filament.  The  problem  was  espe- 
cially difficult  in  those  types  of  lamps  which  have  a  filament  with  a 
rather  large  diameter,  for  instance,  the  250,  400  and  500  watt  types, 
and  also  the  street  series  types.  It  might  also  be  safe  to  say  that 
perhaps  the  greatly  predominating  cause  for  the  former  unsatisfac- 
tory performance  <>i  the  street  series  types  of  lamps  was  due  to  the 
improper  material  or  dimensions  of  the  anchors  and  lead-in  wires. 

Another  very  important  question,  especially  in  the  larger 
lamp-,  was  the  proper  joining  of  the  filaments  to  the  lead-in  wires, 
with  a  view  of  ohtaining  a  large  enough  joint,  and  one  which  would 
properly  envelop  the  filament  and  yet  not  be  so  large  as  to  cool  the 
filament  too  much.  This  has  been  done  very  satisfactorily  in 
Westinghouse  lamps  by  the  introduction  of  the  wrapped  and  fused 
joint,  which  provide  at  the  same  time  a  sufficient  flexibility  of  the 
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filament  at  the  joint  and  an  absolutely  rigid  connection  between  the 

filament  and  the  lead  in  wire-. 

Hand-in-hand  with  the  development  of  these  large  types  of 
lamps  went  the  development  of  lamps  of  very  small  sizes,  in  the 
1 10  volt  range,  of  the  sizes  below  25  watt  and  the  development  of 
the  220  volt  types.  In  the  small  wattage  lamps  of  standard  voltages 
the  principal  difficulty  resided  in  the  manufacture  of  the  filament 
itself.  When  it  is  considered  that,  for  instance,  the  1 10  volt,  10 
watt  tungsten  lamp  has  a  filament,  the  diameter  of  which  is  only 
0.0006  inch,  and  which  can  hardly  he  seen  by  the  operators  in  the 
manufacture  of  the  lamp,  it  can  easily  he  understood  that  consid- 
erable difficulties  had  t<>  be  overcome  before  a  filament  of  that  thin- 
ness could  even  be  manufactured,  especially  a-,  in  order  to  prevent 
the  production  of  off-voltage  lamps,  the  diameter  of  the  filament 
has  lo  be  very  exact  and  uniform.  It  was  an  exceedingly  difficult 
thing  for  the  manufacturer-  of  diamond  dies  to  produce  dies  of  that 
small  diameter  which  were  sufficiently  round  for  the  manufacture 
of  the  filament.  However,  it  was  only  a  question  of  time  before 
the  lamp  factories  were  able  to  produce  a  filament  of  such  small 
diameter,  and  it  i-  only  a  question  of  getting  the  operators  in  the 
factory  sufficiently  skilled  before  lamps  of  such  low  wattages  can  be 
successfully  made  on  a  large  scale  and  placed  on  the  market.  The 
question  of  the  proper  anchoring  of  these  extremely  thin  filaments 
was  aN  1  of  great  importance,  though  perhaps  not  of  so  much  diffi- 
culty a-  that  of  anchoring  the  lamps  with  large  filaments. 

There  i-  still  another  class  of  lamps  in  which  much  advance 
has  been  made  during  the  past  year  or  more,  and  that  is  the  tung- 
sten sign  lamp.  <  hving  to  the  improvements  which  have  been  made 
in  the  manufacture  of  this  lamp,  and  due  largely  to  the  ruggedness 
of  the  filament  and  the  proper  proportioning  of  the  lamp  parts,  this 
lamp  is  now  a  very  satisfactory  commercial  article.  It  may  be  of 
interest  to  note  in  this  connection  that,  during  the  past  year,  there 
has  been  an  increase  of  75  to  80  percent  in  the  tungsten  sign  lamp 
business  of  the  company  with  which  the  writer  is  connected,  and  it 
is  confidently  expected  that  it  will  increase  still  further. 

The  high  efficiency  of  the  tungsten  lamp  certainly  makes  it  the 
proper  lamp  to  be  used  for  sign  lighting  purposes,  and  the  fact  that 
the  business  has  increased  in  such  proportion  shows  that  the  buying 
public  realizes  this  fact.  One  of  the  latest  developments,  which  has 
reference  to  the  sign  lighting  business,  is  the  endeavor  to  produce  a 
five  watt,  55  volt  tungsten  sign  lamp,  two  lamps  burning  in  series 
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a  no  volt  circuit  This  type  of  lamp  will  largely  do  away  with 
the  annoyances  experienced  in  burning  a  number  of  low  voltage  sign 
lamps  in  the  fact  thai  if  one  of  the  lamps  in  a  series 

burned  out,  the  rest  of  them  went  out  also. 

Another  type  of  lamp,  the  use  of  which  lias  largely  increased, 
and  is  continually  increasing,  is  the  six  volt  tungsten  automobile 
lamp.  Owing  to  the  improvements  in  the  manufacture  which  have 
entirely  overcome  the  former  draw  harks,  and  especially  that  of  the 
britl  the  filament,  this  lamp  is  now  fully  equal  mechanically 

the  carbon  lamp,  and  of  course,  much  more  economical  in  current 
sumption. 

In  general,  the  improvements  in  the  manufacture  of  tungsten 
lam]>-  of  all  types  have  resulted  in  a  gradual  increasing  of  the  efli- 
ncy.     For  instance,  the  rating  of  the  principal  no  volt  types  is 
now  as  follows  : — 
IS,    20  and    25  watt,  no  vol!  type,  1.31   wa  1    mean  horizontal  candle 

40  watt,    "      "       -     1  23      

100  and  i=-                 -       "        "      1.18      " 
400  and  500  watt, 1.13       " 

It  i>  hoped  that  future  improvements  will  resull  in  still  further 
increasing  these  efficiencies,  while  at  the  same  time  maintaining  the 
ige  performance,  that  is  the  test  life  period  in  hours  with  20 
ent  drop  in  candle-power  at  the  end  of  1  000  hours. 

When  these  figures  are  compared  with  the  ratings  and  perform- 
ance of  tungsten  lamps  a  few  years  ago,  the  great  progress  made 
in  the  art  of  lamp  manufacture  can  at  once  he  realized.  Though 
it  can  no  longer  he  said  that  the  art    of    making    tungsten  lamps 

n  its  infamy,  yet  there  still  remains  a  great  deal  to  be  done  in 
the  future  improvement  and  standardization  of  manufacturing  op- 
era- f  this  lamp,  and  to  this  task  the  lamp  factories  are  hend- 
ing  every  energy  and  devoting  a  considerable  amount  of  engineering 

'.-arch.  As  the  price  of  tungsten  lamps  has  been  steadily  decreas- 
ing, their  field  of  usefulness  has  correspondingly  grown  and  will 
continue  to  grow  in  the  future. 


THEORY  OF  THE  OPERATION  OF 
MERCURY  RECTIFIERS* 

R.  P.  JACKSON 

THE  development  and  distribution  of  electric  power  is  very 
largely  by  alternating  current.  There  are  some  purposes, 
however,  for  which  direct  current  is  cither  necessary  or  much 
to  be  preferred.  Among  these  are  the  charging  of  storage  batteries 
and  the  operation  of  arc  lamps.  In  order  to  draw  power  from  an 
established  distributing  system  for  any  of  these  purposes,  it  is  nec- 
essary to  use  some  device  that  will  take  power  in  the  alternating- 
current  form  and  deliver  it  in  the  form  desired.  For  this  purpose 
the  mercury  rectifier  has  come  into  general  use.  This  device  consists 
of  a  vacuum  chamber  with  two  anodes  which  are  commonly  of 
graphite  or  iron,  and  a  cathode  which,  in  the  practical  rectifier,  i> 
mercury,  although  some  other  metals  of  low  boiling  point  would  op- 
crate.  There  is  usually  an  auxiliary  anode  of  mercury  used  only 
for  producing  an  initial  starting  arc.  The  common  connections  used 
in  battery  charging  are  indicated  in  Fig.  I.  For  one  to  whom  the 
flow  of  current  is  a  little  mysterious,  the  hydraulic  analogy  indicated 
in  Fig.  2  will  be  helpful.  The  rectifier  is  essentially  a  check  valve 
in  which  pulsations  are  so  guided  as  to  produce  a  unidirectional 
flow.  No  extended  description  of  the  operation  of  such  a  mechan- 
ism is  necessary. 

The  mercury  rectifier  works  in  exactly  the  same  way  after  the 
current  flow  is  once  started  in  the  mercury  vapor  in  the  vacuum 
chamber,  providing  the  mercury  pool  is  the  cathode  or  negative. 
Current  will  flow  from  an  anode  to  the  mercury  but  will  not  flow 
from  any  point  to  an  anode  or  positive  terminal.  As  a  matter  of 
fact  current,  in  any  appreciable  quantity,  will  not  flow  in  any  direc- 
tion whatever  until,  by  some  special  means,  a  spark  or  small  arc  has 
been  produced  at  the  surface  of  the  mercury  in  such  a  direction  that 
the  cathode  mercury  pool  is  at  the  negative  end  of  the  arc.  The  rea- 
son for  this  will  be  discussed  later  under  the  theory  of  operation. 

The  direct  current  secured  from  a  single-phase  rectifier  is  not 
uniform  but  is  undulating  or  possesses  a  "ripple."  This  ripple  is  the 
result  of  the  combining  of  the  two  half  waves  of  the  alternating  cur- 
rent, with  a  partial  bridging-over  of  the  low  point  between  them. 
This  bridging-over  is  secured  by  the  use  of  a  reactance  coil,  which 
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energ)  during  the  rise  of  the  wave  and  gives  it  out  while 
the  wave  is  falling  in  value.  This  external  reactance  can  be  omitted 
and  tl  r  result  obtained  by  means  of  leakage  between  the  two 

hah i-  of  the  transformers  in  the  supply  circuit. 

While  rectifiers  arc  commonly  used  only  on  single-phase  cir- 
cuits, it  is  entirely  possible  to  build  a  rectifier  with  three  anodes  to 
take  its  supply  from  a  three-phase  circuit  and  deliver  direct  current. 
In  this  the  undulation  or  ripple   in  the  direct  current  will  be 

much  reduced,  inasmuch  a-  there  will  he  six  half  wave  peaks  instead 
in  the  period  of  one  complete  wave. 
As  the  voltage  drop  through  the  rectifier  hulh  or  tithe  is  approx- 
imately fixed  and   range-   from    14  volts    for  a  battery  charging  or 

low  voltage  bulb  to  25 
volts  for  an  arc  light  or 
high  voltage  hulh,  the  re- 
sulting efficiency  depends 
largely   on   the   voltage   of 

the  direct-current  circuit 
to  which  power  is  deliv- 
ered. It  is  obvious  that 
on  a  14  voll  direct-current 
circuit  with  14  volts  drop 
in  the  hull)  the  efficiency 
cannot  he  above  50  pel 
•  cut.  <  hi  the  other  hand, 
when  delivering  1  to  volts 
direct  current,  the  effic- 
iency may  he  80  percent  or 
over,  and  on  arc  light  out- 
fits deliverinf  .  3500  volts,  the  hulh  drop  has  no  appreciable 
effect  and  the  efficiency  of  the  regulating  transformer  is  the  de- 
termin:            r.     This  may  reach  90  to  92  percent. 

There  ,  be  no  fundamental  reason  why  the  mercury 

tifier  cannot  he  built  for  any  desired  capacity.   The  technical  difficul- 
:'  producing  and  maintaining  vacuum  apparatus  of 
large  size  in  such  :  I  condition  as  to  be  reasonably  free  from 

trouble  are  v<  at.     While  this  is  true,  there  is  no  other  device 

that  can  accomplish  the  same  result  with  the  same  simplicity  and 
che  .  and  for  thai  chnical  difficulties  will  doubtl< 

be  overcome  and  the  mercury  rectifier  will  find  general  application 
for  all  pur;  in  changing  from  alternating  to  direct  current. 
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THE  THEORY  OF  THE  MEK«  I'KV  KK<  T1HKK 

To  get  an  approximate  understanding  of  the  mercury  vapor 
rectifier,  it  will  be  necessary  to  consider  the  peculiar  characteristics 
of  vapor  conduction  of  electricity.  There  is  good  evidence  that  so- 
called  "i<>n^."  or  small  electrically  charged  particles  exist  almost  uni- 
versally in  gases.  The  positive  ion-  are  apparently  atoms  or  mole- 
cules of  the  gas  having  a  certain  unit  positive  charge,  just  what  the 
nature  of  this  positive  charge  is  may  not  be  absolutely  certain,  but 
for  our  purposes  this  is  not  important.  The  negative  ions,  on  the 
other  hand,  appear  to  be  exceedingly  small  particles  commonly  called 
"electrons"  or  "corpuscles"  having  a  similar  unit  negative  charge 
and  an  apparent  mass  of  about  1/1700  that  of  a  hydrogen  atom. 


^LJ, 


Rticlancc  Coil 


FIG.    2—  IIVI'KAULIC    ANALOGY 


This  mas>  appear-  to  be  due  to  the  negative  electric  charge  and  the 
lines  of  force  set  up  by  it  and  not  to  have  any  material  exi-tence 
at  all. 

Now,  ions,  particularly  negative  ions,  seem  to  be  almost  univer- 
sally present  in  the  atmosphere.  Under  high  electric  stress  their 
number  may  increase  indefinitely  as  a  result  of  their  rapid  movement 
and  collision  with  molecules  of  gas  and  with  electrified  terminals  or 
electrodes.  If  a  potential  is  applied  between  two  parallel  plates  in 
the  open  air,  there  is  a  slight  flow  of  current,  even  though  the  applied 
voltage  may  be  very  low.  This  current,  however,  is  not  proportional 
to  the  voltage  but  appears  to  increase  somewhat  as  the  potential  dif- 
ference increases,  and  reach  a  maximum  where  increase  of  potential, 
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without  other  change,  brings  no  further  increase  of  current.    Ap- 

rently,  the  ions  that  floal  into  the  electric  field  are  driven  1>y  it  in 
such  a  way  that  there  is  an  effective  transfer  of  charges  across  from 
the  negative  plate  to  the  atmosphere  and  from  the  atmosphere  to 
the  positive  plate.     An  increase  of  electric   force  increases  the  ve- 

ity  of  these  ions  but  there  can  be  no  further  increase  of  conduc- 
tion beyond  using  all  the  ions  that  naturally  float  into  the  electric 
field.  This  is  a  form  of  conduction  in  a  gas  in  which  there  is  no 
additional  production  of  ions  by  the  electric  field.  If  the  potential 
gradient  between  the  electrodes  increases,  a  point  may  be  reached 
where  the  electric  field  begins  to  cause  increased  ionization  of  the  gas 
due  to  the  impact  of  the  moving  ions  upon  free  molecules  and  upon 
the  electrodes.  This  increases  the  conduction  but  may  still  give  a  sta- 
ble condition.  The  corona  between  high  voltage  transmission  conduc- 
tors is  an  example.  Where  ionization  of  the  gas  is  taking  place,  there 
usually  an  accompanying  glow  of  faint  light.  If  conduction  of  this 
tvpe  is  pushed  still  harder,  the  result  is  the  formation  of  an  arc 
which,  in  itself,  is  unstable  and  tends  to  increase,  unless  controlled 
by  other  parts  of  the  circuit.  The  reason  for  this  instability  is  that, 
whereas,  with  the  two  previous  forms  of  conduction,  an  increase  of 
current  necessitated  an  increase  of  potential  difference,  an  arc,  in 

eral.  requires  less  potential  drop  with  an  increase  of  current. 
Now,  if  the  air  or  gas  pressure  is  reduced,  all  of  the  above  char- 
acteristics become,  in  a  way,  accentuated  and  take  place  at  much 
lower  voltages  as  the  gas  pressure  becomes  lower,  until  a  certain 
critical  pressure  is  reached  where,  at  the  approach  of  complete 
vacuum,  the  rarefied  gas  tends  to  become  more  nearly  an  insulator. 

described  by  Prof.  J.  J.  Thompson,*  the  action  of  a  vacuum  tube 
during  the  glow  discharge  (corresponding  to  the  corona  in  the  at- 
m<  I    is  somewhat  as  follows: — At  the  negative  terminal  or 

cathode,  there  may  be  a  slight  luminescence  and  then  a  band  of  dark 
space  called  the  "Crooks  dark  space."  There  is  a  large  drop  of  po- 
tential through  this  space  called  the  "cathode  fall  of  potential."  At 
the  border  of  this  dark  space  is  a  luminous  band  known  as  the 
"cathode  glow"  and  having  very  little  potential  drop.  After  this 
comes  another  dark  band  known  as  the  "Faraday  dark  space"  with 
a  low  potential  drop  gradually  merging  into  the  "positive  column" 
a  considerable  stretch  of  glow  sometimes  striated  and  with  moderate 
potential  drop  which  reaches  to  the  anode  with  perhaps  a  slight  in- 
crease of  potential  drop  near  the  anodes.     The  distribution  of  po- 
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tential  and  the  light  and  dark  bands  arc  shown  graphically  in  Fig.  3. 

The  explanation  given  is  thai  up  to  a  certain  voltage  between 

terminals,  there  is  no  continued  conductivity  as  the  number  of  free 

ions  is  limited  and  the  negative  ions  are  soon  all  driven  to  the  posi- 
tive terminal  and  vice  versa,  and  the  formation  of  new  ions  is  impos- 
sible, since  the  velocity  of  the  moving  ions  is  not  great  enough  to 
supply  the  required  energy.  As  the  potential  difference  increases,  a 
point  is  finally  reached  where  the  impact  of  the  positive  ions  on  the 
cathode,  or  on  the  molecules  of  gas  very  close  to  the  cathodes, 
causes  the  release  of  electrons  or  negative  ions  which  arc  repelled 
with  great  velocity  through  the  dark  space,  and  at  a  certain  point 
begin  to  strike  molecules  of  gas  actively  and  form  new  positive  and 
negative  ions  which   migrate   in  their  respective  directions  to  the 


■J 


Positive  Column 
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FIG.  3— GRAPHIC  REPRESENTATION  OF  THK  DISTRIBUTION  OF 
POTENTIAL  AM'  IIIK  LIGHT  AND  DARK  HANDS  IN  A  VA'  UUM 
TUBE 

cathode  and  anode.  This  is  a  continuous  process  so  long  as  the  po- 
tential difference  is  maintained.  The  glow  or  luminescent  spaces  ap- 
pear to  be  the  localities  where  ionization  of  the  gas  is  taking  place 
and  where  positive  and  negative  ions  are  about  equally  distributed. 
The  key  to  the  conduction  of  the  current  is  apparently  the  breaking 
off  of  electrons  from  the  cathode  and  their  expulsion  violently  from 
it  as  negative  charges.  This  breaking  off  of  electrons  from  the 
cathode  is  called  "ionization  at  the  cathode"  and  apparently  takes 
place  when  a  certain  critical  amount  of  energy  per  unit  is  released 
by  the  impact  of  positive  ions  on  the  cathode.  If  the  pressure  at 
which  the  above  described  characteristics  begin  to  be  visible  is  still 
further  reduced,  the  Crooks  dark  space  expands  and  the  cathode 
drop  increases.  It  would  appear  that  the  pressure  being  lower  and 
the  positive  ions  fewer  it  is  necessary  that  more  energy  per  ion  be 
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imparted  by  the  electric  field  to  maintain  cathode  ionization  and, 
therefore,  conduction.  Consequently,  the  cathode  drop  increases 
and  covers  .1  greater  distance,  and  the  positive  ions,  accelerated 
through  a  longer  path,  accumulate  enough  more  energy  to  maintain 
the  pn  i  ionization. 

While  the  cathode  drop  and  the  length  of  the  (.'rooks  dark  space 
may  not  be  directly  connected,  yet  both  seem  to  be  a  function  of 
pressure.  The  dark  space  is  probably  controlled  by  the  mean  free 
path  of  the  negative  electrons  in  the  gas  and  the  length,  /,  is  roughly 
given  by  the  expression  /  =  a-f-  —■  ,  where  a  and  c  are  constant^ 
and  ^  is  the  absolute  pressure  of  the  gas.  Similarly  the  cathode  drop 
v  apparently  follows  the  approximate  law  of  V  K -f-  -p-  when 
A"  and  b  are  constants.  For  a  considerable  range  of  pressures,  the 
cathode  drop  is  in  the  region  of  400  to  500  volts.  As  may  be  seen, 
however,  if  />  becomes  very  small,  the  value  of  V  may  become  very 
large  and  take  an  infinite  value  when  />  =  o.  From  this,  it  would 
ear  that  the  only  absolute  insulating  medium  is  a  perfect  vacuum. 

Experiments  indicate  that  when  the  pressure  is  much  reduced 
the  Crooks  dark  space  expands  to  touch  the  walls  of  the  containing 
tube  and  spreads  far  towards  the  anode.  The  current  then  falls 
rapidly  and  the  cathode  drop  increases  to  a  very  large  value.  Now 
this  is  the  condition  existing  at  the  momentarily  inactive  anode  of  a 
mercury  rectifier  when  the  alternating  current  is  passing  through 
zero  value;  at  the  instant  the  current  is  attempting  to  flow  in  the  re- 
verse direction  the  anode  is,  in  effect,  really  a  cathode  of  a  vacuum 
tube  of  very  high  vacuum  and  large  cathode  drop.  The  Crooks  dark- 
le has,  in  general,  expanded  to  fill  the  entire  tube  or  bulb.  There 
is  usually  a  slight  leakage  current  between  the  positives  or  anodes, 
ecially  when  the  bulb  is  warm  and  the  mercury  vapor  pressure 
thereby  increased,  but  with  the  bulb  cold  and  the  dark  space  ex- 
panded, a-  indicated  above,  the  vapor  really  becomes  almost  a  perfect 
insulator. 

Now,  when  the  normal  load  current  is  passing,  it  is  interesting 
to  note  what  is  occurring  between  the  active  anode  of  the  rectifier 
and  the  mercury  pool.  To  all  appearances  there  is  here  a  true  arc, 
as  all  of  the  characteristics  of  the  mercury  arc  seem  to  be  identical 
with  those  of  the  metallic  arc.  An  arc,  like  combustion  in  the  atmos- 
phere, is  self-maintaining;  that  is,  having  once  been  started  by  any 
cause,  there  appear  us  of  negative  ionization  where  there  is 

sufficient  energy  released  to  maintain  continued  ionization  unless  the 
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current  reaches  too  low  a  value,  when  the  bombardment  of  the  posi- 
tive ions  on  the  negative  spot  no  longer  produces  a  sufficient  supply 
of  negative  ions  or  electrons  and  the  arc  ceases,  and  will  not  restart 
unless  the  required  conditions  for  starting  are  established.     With 

an  alternating  current,  the  arc  would  not  be  maintained  unless  the 
conditions  were  such  as  to  maintain  a  conducting  vapor  between 
the  electrodes. 

The  general  characteristics  of  the  mercury  arc  in  the  vacuum 
chamber  of  the  mercury  rectifier  are  in  every  way  identical  with 
those  of  any  metallic  arc  in  the  open  air,  as  will  be  evident  from 
the  three  following  statements: — 

1 — The  circuit  is  unstable  unless  controlled  by  resistance  or  re- 
actance in  other  portions  of  the  circuit. 

2 — The  drop  is  approximately  constant  but  tends  to  lower  in 
value  with  increase  of  current. 

3 — A  supplementary  electrode  in  an  ordinary  direct-current  arc 
will  pass  current  to  the  cathode  if  connected  in  any  way  to  the  posi- 
tive side  of  the  circuit,  but  will  not  pass  any  current  if  connected  to 
the  cathode  or  negative  side  of  the  current,  since  the  nega- 
tive side  of  the  arc  is  localized  in  one  spot.  If,  however,  this  supple- 
mentary or  exploring  electrode  is  connected  to  the  negative  through 
a  separate  source  of  e.m.f.,  current  will  flow  from  this  supplement- 
al electrode  to  the  cathode  but  not  from  the  cathode,  since  the 
negative  end  of  the  arc  is  not  only  localized  in  a  spot  but  is  essen- 
tially negative,  and  current  can  therefore  pass  from  any  positive 
source  to  the  negative  or  cathode  of  the  arc.  but  not  the  reverse.  In 
other  words,  an  ordinary  arc  possesses  rectifying  characteristics. 
The  mercury  vapor  rectifier,  moreover,  appears  to  be  nothing  more 
mysterious  than  a  vacuum  tube  in  which  the  vapor  pressure  is  very 
low  and  in  which  an  arc  plays  successively  from  one  of  two  or  more 
anodes  to  a  mercury  cathode  and  in  which  the  idle  anode  becomes 
a  cathode  of  the  vacuum  tube  with  the  usually  high  cathode  vapor 
drop  and  Crooks  dark  space  much  accentuated,  due  to  the  low  pres- 
sure of  the  mercury  vapor  and  the  absence  of  all  contaminating 
gases. 

Fundamentally,  the  rectifying  characteristic  is  due  to  the 
marked  difference  between  positive  and  negative  ions  in  regard  to 
mass  and  consequent  velocity  and  energy  storing  capacity.  Our 
knowledge  of  the  constitution  of  matter  and  its  relation  to  electric 
conduction  is.  in  reality,  limited  and  just  why  an  arc  should  continue 
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when  once  a  certain  rate  of  ionization  at  the  cathode  surface  has 
been  started  and  when  it  would  nol  start  itself,  is  a  mystery  of  the 
is  thai  of  tire  which  burns  when  once  the  fuel  lias  heen 
gnited.  Future  experimental  information  will  doubtless  throw  fur- 
ther light  on  these  physical  and  electrical  relations. 

There  i  irently  a  critical  rate  of  ionization  at  the  cathode 

surface.  During  the  glow  discharge,  the  rate  is  below  this  critical 
value.  A  slight  reduction  in  rate  of  i  mization,  and  consequent  cur- 
rent flow,  necessitates  a  broader  Crooks  dark  space  and  a  greater 
thode  drop,  and  the  other  parts  of  the  tube  give  up  some  of  their 
dr<>p  to  the  cathod  e  to  maintain  ionizati  m  with  the  reduced 

current.  The  conduction  is  therefore  stable,  as  the  essential  portion 
of  the  circuit  where  the  cathode  drop  is  located  is  balanced  hy  drop 
a  resistance  nature  in  the  other  portion  of  the  tithe  nearer  to  the 
anode.  There  are  barely  enough  ions  produced  to  carry  the  current, 
and  an  increase  of  voltage  increases  the  number  of  ions  produced 
per  second  and  therefore  the  current.  At  the  critical  rate,  however, 
where  the  arc  appears,  more  ions  than  needed  are  produced  and  the 
current  will  automatically  rise  to  a  short-circuit  value  unless  limited 
external  portions  of  the  circuit  containing  impedance. 

The  expression  of  the  above  principles  combined  with  various 
other  empirical  data  make  up  the  following  rules  which  control  suc- 
cessful mercury  rectifier  design  and  operation  so  far  as  the  rectifier 
proper  is  concerned  : — 

i — The  pressure  due  to  gases  other  than  mercury  vapor  must 
he  kept  low  because  the  molecules  of  such  gases  both  act  as  inert 
harriers  and  retard  the  flow  of  ions  and,  if  numerous  enough,  re- 
duce the  dimensions  of  the  Crooks  dark  s]  nd  consequently  the 
arcing  voltage  and  rectifying  power.  Pressures  due  to  such  gases 
must  usually  range  between  o.ooi  and  0.020  millimeter  for  satisfac- 
tory working  of  mercury  rectifiers. 

2 — The  pressure  due  to  mercury  vapor  mu-t  also  be  kept  low 
and  between  certain  limits.  This  is  particularly  true  if  the  rectifier 
is  to  deliver  a  direct-current  voltage  much  above  150  volts.  If  the 
mercury  vapor  pressure  i  I  low,  due  to  the  chamber  being  too 
cold,  the  arc  will  become  unstable  and  will  he  hard  to  -tart  and  tend 
to  go  out.  This  is  apparently  due  to  the  attenuated  condition  of  the 
vapor  and  the  consequent  difficulty  of  maintaining  ionization.  If, 
on  the  other  hand,  the  mercury  vapor  pressure  in  the  vicinity  of  the 
anode  1         I  O  high,  the  Crooks  dark  space  contracts  and  the  cathode 
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drop  at  the  inactive  anode  takes  a  low  value,  and  high  leakage  be- 
gins.   The  effect  of  this  high  pressure  is  rapidly  cumulative,  as  the 

high  leakage  increases  the  energy  loss  and  this  again  inereases  the 
pressure  until  a  short-circuit,  or  so-called  arcing  condition  develops. 
The  above  requirement  as  to  control  of  the  mercury  vapor  pressure 
is  most  important  if  high  potentials  are  rectified.  Although  the 
cathode  drop  remains  in  the  region  of  350  to  40b  volts,  even  at  quite 
high  vapor  pressures,  and  is  therefore  sufficient  to  rectify  100  volts 
direct-current,  this  would  utterly  fail  to  handle  an  arc  light  circuit 
of  3  000  volts  or  more. 

3 — The  anodes  should  be  shielded  or  located  in  pockets  sepa- 
rated somewhat  from  the  main  bulb  chamber.     This  requirement  is 

however  intimately  connected  with  the  ques- 
tion of  temperature,  since  a  secluded  pocket 
^  Jri      tends    to    permit    a    local    rise    of    pressure 

\  5  \    around  the  anode  which  defeats  the  purpose 

for  which  it  is  used.  The  reasons  for  shield- 
ing the  anode  are  two.  First,  to  protect  the 
anode  from  being  spattered  with  drops  of 
mercury  from  the  cathode  pool.  Such  im- 
pinging drops  vaporize  suddenly  and  cause 
local  pressure  with  tendency  to  short-circuit. 
Second,  as  already  mentioned,  the  cathode 
drop  and  consequently  the  rectifying  power 
increases  enormously  when  the  Crooks  dark- 
space  enlarges  until  its  borders  reach  the  walls 
of  the  surrounding  chamber  or  tube.  For  this 
reason  a  much  higher  and  more  stable  rectify- 
ing power  is  obtainable  for  given  pressures 
lamps    and    capable    when   the   anode   is   in   an   enveloping   pocket 

OF    DELIVERING    J    AM-        .  .  .         .  .  i  i 

peres  at  4000  volts.    lllan  when  in  the  same  large  open  chamber  as 

the  cathode  pool.  As  before  mentioned,  how- 
ever, the  pressure  must  be  kept  down  or  the  Crooks  dark  space 
shrinks  again  to  very  small  dimensions  around  the  surface  of  the 
anode  and  the  advantage  of  the  anode  chamber  or  pocket  is  at  once 
lost.  For  that  reason  either  these  anode  chambers  have  to  be  kept 
cool  by  special  means  or  a  balance  must  be  maintained  between  the 
shielding  obtainable  and  the  openness  of  the  anode  chamber  to  per- 
mit relief  of  local  pressure  into  the  main  bulb  chamber.  The  result  is 
that  an  anode  chamber  which  much  secludes  the  anode  must  be  very 
carefully  controlled  in  temperature  and  then  gives  a  high  rectifying 
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io  permit  this  accurate  temperature  control  necessitates 
that  such  an  anode  chamber  be  external  to  the  main  bull)  and  the 
bulb  immersed  in  some  fluid  which  is  kept  at  an  approximately  ecu 
int  temperature.     If  a  much  more  open  anode  chamber  is  used, 
however,  and  kept  within  the  main  bulb  spare  the  extreme  maximum 
rectifying  power  may  not  be  quite  SO  great  but  a  very  much  wider 
temperature  control  is  permissible  with  good  operating  re- 
sults.   Such  an  interior  chamber  maintains  the  vapor  aboul  the  anode 
at  a  fairly  uniform  temperature  and  keep-  the  pressure  low,  since 
an;.  |  •      easily  flows  out  into  tbe  main  chamber  wbcre 

tbe  pressure  can  easily  be  kept  low, 

:  -The  anodes  and  anode  stems  must  be  freed  from  occluded 
gas  and  there  mu.-t  be  no  crevices  that  can  harbor  gas  or  mercury 
Most  metals  contain  occluded  gases,  such  as  hydrogen, 
etc..  and  graphite  is  saturated  with  gas  and  water  vapor.  Under 
the  influence  of  temperature  and  electric  stress  such  vapors  may  be 
given  off  irregularly  in  operation,  thereby  momentarily  reducing  the 
cathode  drop  at  an  inactive  anode  wi,th  a  resulting  short-circuit  be- 
tween anodes. 

It  may  therefore  be  seen  that  in  the  design  of  mercury  recti- 
fiers there  are  certain  factors  that  arc  antagonistic  and  the  efi'ort 
to  gain  by  one  device  is  easily  thwarted  by  a  corresponding  disadvan- 

To  tl  Ided  tbe  inherent  technical  difficulties  of  glas 

work,  which  must  be  highly  perfected,  since  the  glass  is  subject  to 
considerable  mechanical  and  electrical  stress.  It  is  therefore  neces- 
sary to  balance  one  advantage  agaimt  another  so  that  by  compro- 
mise the  best  results  may  be  obtained. 


LIGHTING  OF  A  SMALL  JEWELRY  STORE 

E.  M.  SMITH 

THE  requirements  for  the  correct  illumination  of  >tores  in  which 
jewelry  is  to  be  exhibited  are  quite  complex.  Whether  the 
exhibition  he  of  precious  stones,  of  cut  glass,  or  of  gold  or 
silver,  a  large  part  of  the  pleasing  effect  of  jewelry  is  produced 
by  the  reflection  of  light  from  polished  surfaces  or  facets.  In 
order  to  secure  a  high  degree  of  reflection,  the  predominating 
policy  of  jewelry  stores  has  been  to  use  large  numbers  of 
small,  high  intensity  units.  From  the  illumination  standpoint,  the  e 
are  seldom  properly  placed  and  shaded.  Usually  the  result  is  a 
rather  gaudy,  glaring  appearance  giving  a  repelling  rather  than  an 
inviting  atmosphere.  Thus  while  one  prime  requirement  for  the 
sale  of  jewelry  by  artificial  light — that  of  having  plenty  of  light- 
has  been  met,  other  features  have  not  been  given  sufficient  attention. 

The  general  impression  given  by  such  stores  should  be  cheerful 
and  attractive  and  not  glaring.  This  means  that  the  general  illumi- 
nation should  be  diffused  and  sufficient  to  give  a  pleasing  appear- 
ance but  not  of  sufficient  intensity  to  detract  from  the  effect  of  the 
special  lighting.  It  should  also  be  furnished  in  a  not  too  conspicuous 
manner.  Show  cases  should  be  lighted  brilliantly,  but  if  possible 
from  concealed  light  sources.  As  the  best  results  when  inspecting 
jewels  are  secured  by  light  from  so  called  "point  light  sources," 
special  attention  should  be  given  to  the  proper  illumination  of  the 
display  surface,  both  as  to  the  source  of  light  and  its  color  effect. 

The  jewelry  store  whose  interior  is  shown  in  Fig.  I  affords 
an  excellent  example  of  a  method  by  which  very  satisfactory  results 
have  been  secured  both  as  to  general  and  specific  illumination.  The 
general  lighting  of  the  room  is  secured  from  four  500  watt  clear 
tungsten  lamps  equipped  with  "Frink"  direct-indirect  reflectors  sus- 
pended in  a  line  down  the  center  of  the  room  as  shown.  The  ceil- 
ings are  of  white  metal  and  the  illumination  produced  by  the  combi- 
nation is  soft  and  restful  to  the  eye. 

Since  jewelry  cannot  be  displayed  to  advantage  under  a  diffused 
light,  twelve  chain  drops,  five  feet  apart,  were  placed  directly  over 
the  show  cases.  These  are  equipped  with  60  watt  clear  tungsten 
lamps  and  focusing  type  Holophane  reflectors.  Over  these  reflectors 
are  metal  caps,  spun  to  conform  with  the  shape  of  the  reflectors 
and  lined  with  light  blue  enamel.     This  was  done  to  accentuate  the 
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:     in  the  lamps,  thereby  closely  approaching  daylight   color 

-  while  still  retaining  the  advantage  of  point  sources  of  light 

reflection.    The  metal  caps  also  serve  to  minimize  the 

g    re  in  the  room.    The  fixtures  were  finished  in  statuary 

in  order  that   they  might   harmonize  with  the  wall   ca  i 

If  brass  fixtures  had  been  selected,  the  drop  lights  especially  would 

have  been  much  more  conspicuous. 

The  side  wall  are  specially  lighted  b)  five  35  watt  tungsten 
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linolitc  latnj  lion.     These  arc  completely  hidden  from 

when  the  arc  properly  I,  and  serve  to  bring  out 

all  the  beauties  of  the  cut  glass  and  other  ware  displayed  therein. 

The  com]/'  of  thi  tem  of  illumination  is  exception- 

all,  rid   attr  The  light   sources  are   hidden   from 

direct  view,  while  an  ge  intensit  ix   foot-candles  is  ob- 

tained.   1  letail  of  the  objects  displayed  is  sharply  emphasized, 

while  cut  stones  and  ;r'  re  may  be  shown  to  excellent  advantage. 


STANDARDIZATION  IN  MANUFACTURING 

AN  INDUSTRIAL  EXAMPLE  (Concl.) 

H.  F.  CHADWICK 
EFFEI   I    OF   STANDARDIZATION   ON    STOCK   AND   PRODUCTION 

KI'.K l'I\(i  engineers  and  draftsmen  posted  in  regard  to  stand- 
ards is  only  one  of  the  problems  that  confronts  the  standard- 
izes For  instance,  designers  often  have  the  mistaken  im- 
pression that  standards  decrease  the  amount  of  initiative  required 
on  their  part  and  thereby  plaee  a  limitation  upon  the  exereise  of 
their  originality.  It  has  been  found  in  actual  experience  that  even 
with  the  very  best  efforts  that  can  be  put  forth  in  establishing 
standards,  a  large  amount  of  original  work  will  still  be  required  in 
developing  new  apparatus,  even  with  all  parts  standardized. 

In  manufacturing  concerns  having  a  diversified  product,  the 
amount  and  the  number  of  kinds  of  material  necessary  to  be  carried 
in  stock  is  tremendous.  It  is  of  the  utmost  importance  to  reduce 
the  number  of  ledger  accounts  to  a  minimum,  and  to  use  only  stock 
sizes  wherever  possible.  The  specifying  of  a  special  material  or  a 
special  size  of  material  involves  not  only  delay  in  completing  appa- 
ratus, but  also  additional  clerical  work,  storeroom  space  and  invest- 
ment. It  is  sometimes  contended  that  by  holding  to  standard 
screws,  for  example,  we  are  making  the  tail  wag  the  dog;  that  is, 
the  apparatus  is  being  designed  to  fit  smaller  parts  used  in  its  con- 
struction. In  a  measure  this  may  be  true,  but  with  a  reasonable  list 
of  standards  the  design  can  almost  always  be  made  equally  good 
whether  standard  or  special  parts  are  used,  and  the  advantages  of 
following  standards  are  so  obvious  that  there  should  be  no  hesitancy 
on  the  part  of  designers  in  making  slight  changes  in  order  to  make 
possible  the  use  of  standard  parts. 

There  are  many  small  parts  commonly  used  on  machines  and 
apparatus  which  have  the  same  general  application.  This  does  not 
refer  to  bolts,  screws  and  other  articles  generally  classed  as  hard- 
ware, but  rather  to  such  parts  as  terminals,  tie  rods,  handle  grips, 
connectors,  bearings  and  many  other  similar  parts.  In  many  shops 
it  is  not  unusual  to  find  from  fifteen  to  fifty  shapes  and  sizes  of  a 
certain  part  when  four  or  five  would  answer  the  purpose  just  as  well. 
As  a  consequence  small  quantities  of  the  fifteen  or  fifty  sizes  are 
produced,  each  size  requiring  a  special  set-up  of  the  machinery,  and 
often  the  quantity  is  so  small  for  each  size  that  the  job  cannot  be 
done  on  an  automatic  machine.  By  standardizing  and  reducing  the 
number  of  designs  to  a  minimum,  it  is  then  possible  to  make  each 
design  in  large  quantities  for  stock ;  on  account  of  being  made  in 
quantity  the  processes  of  manufacture  can  be  materially  cheapened, 
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uniformity  of  product  at  all  times.     Further,  there 
iving  in  such  standards  due  to  the  fact  that  each 
si   ndardized  may  be  carried  in  stock  by  a  designating  num- 
ber (called  by  the  Electric  Company  a  style  number),  and  drawings 
n  refer  t"  tin's  number  without  making  a  detail  of  the  piece. 

Variations  in  design  not  only  affect  the  amount  of  stock  to  be 

rried,  but  also  in  man}  -  cause  the  making  of  special  tools 

ppliances.     As  an  example,  nearly  every  well  equipped  firm 

has  a  complete  set  of  tools  for  cutting  and  testing  all  United  States 

indard  threads,  and  often  many  other  threads  which  are  con- 

tandard  by  the  firm.     The  Electric  Company  has  a  list  of 

ndard  threads  which  correspond  with  the  L".  S.  Standards  for  % 

in.  and  al  rid  a  li-t  of  standard  fine  threads,  which  can  he  used 


ARIATION    1  :  ND  VRD    I  BREAD 

when  the  standard  thread  i-  t"<,  e.     It  i^  seldom  realized  how 

many  I  uired  to  produce  a  thread,  and  it  is  commonly 

ught  that  the  question  of  thread-  i-  of  so  little  importance  that 
it  i-  not  worth  investigating.  Fig.  8  shows  why  it  is  necessary  to 
tandard  and  live  up  to  it.  The  Electric  Company's  stand- 
ard thread  for  two-inch  diameter  is  4  1/2  threads  per  inch,  and  the 

ndard  fine  thread  i-  12  threads  per  inch.  If  13  threads  per  inch 
should  be  specified,   it  would  he  necessary  to  make  the  six  tools 

wn  in  viz.,  transfer  gauge,  tool  room  record  plug  gauj 

rking  plug  and  ring  gauge,  tap  and  die.  costing  $25.00  to  $50.00. 

THE  WORK  OI     Jill.  RDIZER 

idardization  is  a  comparatively  simple  matter  when  the 
subject  to  be  standari/.ed  is  a  new  one.  Of  course  it  often  hap- 
pens that  there  has  been  no  previous  investigation  of  the  subject, 
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and  consequently  no  data  for  comparison.  In  such  a  case  a  very 
careful  investigation  is  necessary  in  order  to  establish  a  standard 

which  will  meet  all  possihle  requirements.  Even  with  the  most 
careful  preparation  contingencies  will  arise  where  it  is  impossihle 
to  u>e  the  standard,  hut  such  cases  should  he  very  rare.  When 
the  suhject  to  he  standardized  is  an  old  one,  the  work  of  the 
Standardizer  is  much  more  difficult.  First  it  is  necessary  to  find 
out  what  has  already  been  done,  and  what  the  standards  of  other 
companies  or  individuals  are,  if  there  are  any  in  existence.  Con- 
sider, for  example,  the  method  of  figuring  the  size  of  pulley  which 
should  he  made  standard  for  a  certain  motor.  Nearly  every  engi- 
neer has  some  favorite  formula,  which  he  may  in  turn  have  ob- 
tained from  some  texthook  or  handbook,  or  which  he  has  obtained 
from  some  other  engineer  who  has  used  it  with  good  results.  Oc- 
casionally an  engineer  prefers  to  work  out  his  own  formulas. 
Such  a  man  would  obtain  slightly  different  results  from  those  who 
use  textbooks  or  handbooks.  One  man  will  swear  by  Kent,  another 
by  Foster,  Supplec  or  Merriman,  and  each  is  generally  able  to  pro- 
duce some  proof  that  the  formula  which  he  has  adopted  is  the 
best.  Some  figure  a  single  belt  to  be  approximately  3/16  in.  thick, 
a  double  belt  3/8  in.  thick,  and  a  triple  belt  9/16  in.  thick;  others 
measure  samples  of  belts  and  obtain  positive  figures  like  7/z2  nl- 
for  single  belts,  3/8  in.  for  double  belts  and  1/2  in.  for  triple  belts, 
without  taking  into  consideration  the  fact  that  there  is  a  large 
variation  in  the  thickness  of  hides,  and  that  while  the  average 
thickness  of  single  belt  leather  is  not  far  from  3  '16  in.,  some  deal- 
ers furnish  heavier  and  others  thinner  material.  A  common  figure 
for  the  limit  speed,  for  single  belts,  at  which  the  horse-power  trans- 
mitted becomes  a  maximum  in  4800  feet  per  minute.  Some,  how- 
ever, figure  at  a  mile  per  minute  and  even  as  high  as  5800  feet  per 
minute.  Other  points  of  variation  are  the  percent  of  slip  allowed, 
the  initial  tension  in  pounds  per  square  inch  of  section  of  belt,  the 
limits  at  which  double  and  triple  belts  should  be  used,  and  the 
maximum  allowable  fiber  stress  in  the  shaft.  With  such  a  variety 
of  formulas  and  methods,  it  is  evident  that  the  standardizer  must 
make  a  thorough  study  of  every  phase  of  the  question,  and  suggest 
some  method  which  can  be  substituted  as  standard. 

When  a  part  or  element  of  a  machine  or  piece  of  apparatus 
is  to  be  standardized,  there  are  many  other  considerations  besides 
those  just  mentioned.  In  addition  to  the  selection  of  a  suitable 
standard  for  future  work,  it  is  often  advisable  to  substitute  the  new 
standard  for  the  old  designs  already  used.     In  such  cases  it  must 
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be  ascertained  with  surely  that  the  new  part  can  he  used  without 
lously  affecting  other  parts  used  with  it.  The  amount  of  stock 
oi  old  designs  on  hand  must  also  be  carefully  considered.  The 
material  is  an  important  item,  and  it  is  often  found  that  a  cheaper 
material  can  be  used  with  just  as  satisfactory  results.  Very  often 
a  part  could  be  made  in  any  one  of  a  half-dozen  ways  and  be  en- 
tirely satisfactory,  but  the  factory  happens  to  be  equipped  to  manu- 
facture in  a  certain  way,  and  if  any  other  method  is  specified 
the  shop  must  change  its  methods  and  tools  at  a  considerable  ex- 
pen- 

The  good  effect  on  the  factory,  from  a  manufacturing  stand- 
point, in  having  as  many  duplicate  parts  as  possible  can  hardly  be 
estimated.  It  makes  cheaper  production;  it  allows  the  use  of  auto- 
matic machines  in  place  of  very  expensive  handwork;  it  reduces 
very  greatly  the  amount  of  stock  to  be  carried;  it  simplifies  the 
bookkeeping  and  handling  of  stock;  it  allows  quicker  deliveries  of 
finished  apparatus  because  parts  can  be  taken  from  stock;  in 
fact,  there  is  no  standpoint  from  which  the  standardization  of  parts 
does  not  show  a  decided  saving.  Many  do  not  appreciate  that,  while 
the  addition  of  a  single  special  part  or  special  shape  is  in  itself  a 
comparatively  insignificant  thing,  the  total  effect  is  detrimental  in 
the  extreme  to  the  commercial  production  of  apparatus.  However, 
it  is  obvious  that  special  parts  must  sometimes  be  designed  to  give 
the  correct  electrical  or  mechanical  performance. 

summary;  benefits  and  danger  element 

In  our  enthusiasm  for  standards  we  cannot  fail  to  recognize 
the  fact  that  there  is  one  "danger"  element.  Standardization  offers 
immediate  returns  which  are  most  attractive.  From  a  chaos  of 
minute  differences  in  methods  we  get  a  uniformity  of  manufactur- 
ing conditions  and  an  interchangeability  of  parts  which  is  unques- 
tionably necessary  for  economic  manufacture.  In  place  of  introduc- 
ing unnecessary  individuality  into  every  design,  standard  patterns, 
■  Is  and  sizes  are  employed.  The  point  to  be  carefully  watched  is 
that  the  standards  are  elastic.  The  evolution  of  engineering  is  so 
rapid  that  a  standard  which  admits  of  no  adaptation  to  new  condi- 
tions, which  is  as  fixed  as  the  laws  of  the  Medes  and  Persians,  is  a 
very  grave  menace  to  engineering  progress.  Standardization  and 
the  economies  that  come  with  it  have  come  to  stay;  but  on  account 
of  the  almost  yearly  modifications  in  various  lines  of  industry,  due 
to  the  advances  attained  by  engineering  research,  standards  must 
be  subject  to  frequent  revisions  and  must  possess  much  elasticity. 


EXPERIENCE  ON  THE  ROAD 

AN  IMPROVEMENT  ON  THE  PRONY  BRAKE 

E.  W.  HENDERSON* 

NO   method  of   testing  small   motors   directly   by   measuring 
electrical  power  intake   and  mechanical   power   output   is 
as    popular    as    that    by    prony    brake,    inasmuch    as    this 
method  gives  data  from  which  results  are  easily  and  quickly  cal^ 
culated.     The   prony   brake   of   the   ordinary    form   consists   of  a 
band  of  some  sort  which  is  attached  firmly  to  a  single  brake  arm 
on  one  side  of  the  motor  pulley,  passes  round  the  pulley  and  is 
attached  to  one  end  of  the  arm  through  some  adjusting  screw  by 
which  the  tension  on  the  band  can  be  regulated.     The  other  end 
of  the  arm  rests  on  a  scale,  the  motor  being  driven  in  such  a  di-< 
rection  that  the  arm  bears  down  on  the  scale  and  registers  the 
weight  applied,  from  which,  knowing  the  motor  speed  and  pulley 
diameter,  the  brake  horse-power  of  the  motor  may  be  calculated. 
When  the  brake  is  of  the  above  form  it  presents  several  bad  fea- 
tures.    One  of  these  is  the  impossibility  of  maintaining  a  con- 
stant given  load  for  any  .appreciable  length  of  time.     If  the  pulley 
heats  up  slightly,  it  expands,  binds  the  band  on  the  pulley  and 
increases  the  load.     Or  the  constant  vibration   of   the   arm   may 
loosen  the  tension  of  the  band  and   decrease  the  load.     Such  a 
brake,  therefore,  needs  constant  attention  in  order  that  the  proper 
load  may  be  maintained.     This  in  itself  is  a  disadvantage,  but  of 
far  greater  import  is  the  fact  that  as  the  operator's  hand  is  almost 
constantly  on  the  adjusting  device,  the  load  as  registered  by  the 
balance  is  not  correct  and,  in  case  of  small  motors,  the  error  may 
amount  to  quite  a  large  percent.     It  is  the  purpose  of  this  article 
to  describe  a  brake  somewhat  after  the  fashion  of  the  prony  brake, 
but  which  eliminates  the  bad  features  of  the  latter  without  losing 
the  simplicity  of  calculation. 

The  brake  arm  is  double,  as  shown  in  Fig.  i.  The  upper 
part  A  is  hinged  to  the  lower  part  B  at  C.  The  point  C  should 
be  as  far  as  possible  from  the  center  line  through  pulley  D  and  the 
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hinj  therefore  located  as  near  the  end  as  possible     allowing 

.vaiient  room  for  the  adjusting  screw  E.    <  >ne  end  of  the  rope 

band  is  attached  to  a  rectangular  link,  this  link  being  shaped 

a  knife  edge  on  the  inner  edge  of  its  top  side,  the  Knife  edge 

i  a  grooved  plate   F  imbedded   in   upper  arm  A.     The 

other  end  of  the  hand   is  attached  to  an  adjusting  screw    /'.   in  the 

usual  way.     A  hanger  i>  suspended  from  />'  on  a  knife  edge  and 

weigl        m  i>e  placed  on  this  hanger  as  on  any  ordinary  scales. 

The   upper   arm    ./    is   supported    from    sonic    standard    through  a 

spring  balance   //    (preferably  of  the  dial   type).      \    very   simple 

and  convenient   standard  can   be  made   from   three-quarter  or  one 

inch  pipe.     The  connecting  link  to  the  balance   rests  on   a  knife 

edge  in  ./.     The  knife  in  A  and  B  consist  simply  of  ordin 

Suppor!  I  [ 


Spring 
EiUr.cc 


Kr.ic  Edge    F 


~— 


Adjustable  ■■  . ,  ■ , 
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G 


FIG.     I — SELF-ADJUSTING    TESTING    BRAKE 

machine  bolts  passing  through  eyes  in  the  hanger  and  balance 
attachment — these  bolts  being  filed  to  an  c<\ge  on  their  bearing 
surface. 

The  motor  is  driven  in  such  a  direction  as  to  lift  up  on  tho 

ight   G  and  the  difference  between  the  weight  suspended   at   G 

and  the  weight  red  on  the  spring  balance  is  evidently  the 

gro-s   weight   lifted   by    the   motor.     To   this   must   be   added    the 

weight  of   the   brake   arm    in   calculating   the   brake   horse-power. 

Tl  weight  of  the  arm  is  readily  found  by  tying  A  and  B 

ether  with   a   light   cord   or   wire,   and,    with    no    weight   at    G, 

her  than  the  hanger;  noting  the  weight  registered  on  the  spring 

balance  for  each  direction  of  rotation  of  the  motor,  the  speed  being 

the  same  in  both  directions.     Half  the  sum  of  these  two  weights 

will  be  the  weight  of  the  brake  arm,  since,  with  one  direction  of 
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rotation  the  weight  registered  will  be  the  weight  of  the  arm  plus 
the  friction  on  the  pulley,  and  with  the  other  direction  of  rota- 
tion the  weight  registered  will  be  equal  to  the  weighl  <>!"  the  arm 

minus  this  friction. 

As  the  load  at  G  is  increased  and  the  attachment  on  the  bal- 
ance //  comes  down,  the  arms  A  and  />'  may  be  kept  horizontal 
by  having  an  adjustment  above  the  balance  such  that  it  can  be 
raised  or  lowered,  or  the  link  connecting  the  balance  to  A  may 
be  made  adjustable. 

A  very  sensitive  balance  //  can  be  used  and  may  be  protected 
from  over  strain  in  case  the  motor  stops  suddenly  by  placing  a  sup- 
port just  below  the  weight  (7,  such  that  the  weight  will  drop 
upon  it. 

The  brake  horse-power  is  calculated  in  the  usual  way.  The 
great  advantage  of  this  arrangement  is  that  the  motor  may  be 
run  for  any  desired  length  of  time  on  any  one  load  without  at- 
tention, since  if  the  band  tends  to  tighten  on  the  pulley  the  lower 
arm  B  is  lifted  towards  A  and  the  tension  on  the  band  is  auto- 
matically released.  The  arms  A  and  B  should  be  suspended  hori- 
zontally and  while  it  is  impossible  that  they  should  both  be  ex- 
actly horizontal,  the  distance  between  them  at  the  ends  farthest 
from  the  pulley  need  not  exceed  half  an  inch  and  the  error 
therefore,  is  negligible. 

The  above  brake  was  brought  out  by  Prof.  L.  W.  Gill,  of  the 
School  of  Mining,  Kingston,  Ontario,  and  has  been  found  so  su- 
perior to  the  old  prony  brake  that  the  latter  has  been  discarded 
altogether  in  our  laboratories.  The  load  can  be  adjusted  readily 
and  will  be  maintained  constant  as  long  as  desired. 
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Our  readers  are  invited  to  use  this  department  for  obtaining  information 
on  electrical  and  mechanical  subjects.  The  topics  should  be  of  general  in- 
terest and  of  the  kind  that  can  be  treated  briefly.  Each  inquiry  should  be 
accompanied  by  a  stamped  return  envelope. 

Address  all  questions  to  The  Journal  Question  Box,  care  of  The  Electric 
Journal,  200  Ninth  Street,  Pittsburgh,  Pa. 


742 — Transformers  Star  vs.  Delta- 
Connected — a — Is  it  possible  to 
raise  the  power-factor  by  con- 
necting three  single-phase  trans- 
formers in  star  instead  of  delta, 
on  a  three-phase  circuit?  Please 
advise  regarding  both  loaded  and 
unloaded  transformers.  b — 
Would  you  consider  it  in  any 
way  detrimental  to  the  life  of 
three  single-phase  transformers, 
1  100  volts  secondary,  6600  volts 
primary,  to  connect  them  in 
star  without  grounding  the  sec- 
ondary? The  primary  is 
grounded.  i.h.w. 

a — I  f  the  transformers  are 
changed  from  delta  to  star  con- 
nection on  primary  and  secondary, 
the  supply  voltage  should  be  in- 
creased 1.73  times;  this  will  mean 
a  smaller  line  current  and,  there- 
fore, less  reactance  and  a  better 
power-factor.  This  is  entirely  due 
to  the  increase  in  line  voltage,  as 
transformers  designed  for  this  in- 
creased voltage  could  be  connect- 
ed in  delta  with  the  same  im- 
proved power-factor.  The  power 
factor  at  no-load  will  be  the  same 
as  with  transformers  connected  in 
delta.  If  the  transformers  were 
connected  in  star  on  primary  and 
secondary,  and  the  supply  voltage 
not  increased  to  the  star  voltage 
of  the  transformers,  the  output  of 
the  bank  would  be  decreased  to 
58  percent  of  the  rated  capacity; 
in  this  case  the  power-factor  at 
no-load  will  be  improved  as  the 
voltage  across  each  transformer 
will  be  decreased,  therefore  caus- 
ing a  smaller  exciting  current. 

b — Transformers  designed  for 
operating  at  1  100  volts,  three- 
phase  delta  should  be  able  to 
operate  in  star  at  1  900  volts  with- 
out grounding  the  neutral,  with 
no  danger  of  shortening  the  life 
of   the   transformers.  j.f.p. 

743 — Operation  of  Turbo-Genera- 
tor Plant  at  Increased  Power- 
Factor — In  our  plant  there  are 
two  500  kw  steam  turbines  each 


direct-connected  to  a  650  k.v.a. 
generator.  The  load  at  times 
calls  for  1  200  amperes  for  a  few 
minutes  and  often  hangs  on  at 
1  000  amperes  with  75  percent 
power-factor  for  a  long  time. 
At  such  times  we  are  obliged  to 
run  both  turbines,  as  the  normal 
current  is  783  per  machine  at 
480  volts.  Is  there  any  way  of 
operating  this  plant  so  that  we 
can  disconnect  one  generator 
and  use  it  as  a  synchronous 
motor?  Is  this  scheme  practical, 
and  if  so,  what  results  would 
ensue?  Would  the  current  drop 
to  within  the  limits  of  allowable 
heating?  f.m. 

The  currents  given  for  the  gen- 
erators indicate  that  they  are  three- 
phase  machines,  with  783  amperes 
as  normal  full  load;  then,  1000 
amperes  represent  only  28  percent 
overload,  and  1  200  amperes  53 
percent  overload  on  one  machine. 
If  the  overload  persists  for  only  a 
few  minutes  one  machine  ought  to 
be  able  to  stand  it,  provided  it  is 
possible  to  hold  up  the  voltage. 
It  is  important  to  know,  however, 
whether  the  machine  will  do  this 
without  dangerous  heating;  if  not, 
and  the  turbines  are  operated  con- 
densing, very  considerable  econ- 
omy can  be  effected  by  operating 
one  machine  as  a  synchronous 
condenser,  starting,  if  need  be, 
first  by  steam,  so  as  to  reduce  the 
losses.  The  power-factor  of  the 
loaded  machine  could  of  course  be 
brought  very  closely  to  100  per- 
cent without  difficulty,  which 
would  allow  for  increase  of  load 
at  a  more  economical  point  for 
steam  economy  of  the  first  ma- 
chine. But  as  it  stands,  if  the  fig- 
ures given  are  correct,  the  loads 
stated  respectively  for  "long  time" 
and  for  "a  few  minutes"  are  so 
close  to  ordinary  normal  guaran- 
tees for  such  operations  that  there 
ought  to  be  no  serious  difficulty. 
Thermometers,  however,  can  tell 
the  story.  n.s. 
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744 — Effect  of  Connection  on 
Transformer  Phase  Relations — 
Three  one  k.v.a.  transformers, 
ratio  50  to  2000  volts,  are  con- 
nected in  Y,  both  primary  and 
secondary,  as  in  Fig.  744  (a)  and 
operation  is  all  right.  If  the 
connection      between      one      sec- 


ts) (J) 

Figs.    744  (a),    (b),    (c)    and    (il) 

ondary  and  neutral  is  reversed, 
as  in  Fig.  744  (b);  how  will  it 
affect  the  secondary  voltage 
across  phases?  v.h.t. 

Denote  the  neutral  point  by  the 
letter  O  and  the  terminals,  num- 
bered consecutively  from  left  to 
right,  by  the  letters  a,  b  and  c. 
Then  the  vector  diagrams  of  low- 
tension  voltages  for  the  two  con- 
nections are  given  in  Figs.  744  (c) 
and  (d).  The  effective  values  of 
the  voltages  across  the  phases 
are: — 

In(c).  Vab=Vbc=Vca=1.73  Voa 

In(d).  Vab=1.73VobandVbc=Vca=V0b 

745 — Calculation  of  Resistance  for 
Starting  Boxes — Will  you  please 
give  me  a  rule  for  calculating  the 
resistance  in  re-winding  starting 
boxes  for  direct-current  motors. 
We  often  get  them  in  the  shop 
with  no  other  data  than  that 
given  on  the  name  plate,  the 
burned  out  wire  being  removed. 
For  instance  the  following  on 
name  plate: — "4  Hp,  125  Volts, 
23  Amps." — with  8  contact  points 
for  decreasing  resistance.  We 
have  the  "Climax"  resistance 
wire  tables  at  hand.  d.b.s. 

The  total  amount  of  resistance 
in  a  starting  rheostat  is  found 
by  dividing  the  line  voltage  by 
the  starting  current  which  is  usu- 
ally assumed  to  be  the  same  as  the 
full-load  current  of  the  motor.    The 


resistances  per  respective  steps  are 
more  or  less  empirical  values  but, 
as  the  resistance  cut  out  each  time 
should  be  approximately  the  same 
percentage  of  the  total  resistance 
remaining  in  circuit,  it  is  evident 
that  the  first  step  will  be  largest 
and  each  succeeding  step  smaller. 
For  an  eight  step  rheostat  the 
first  step  should  be  20  to  25  per- 
cent of  the  total  resistance  and 
each  succeeding  step  smaller,  until 
the  last,  which  should  be  four  or 
five  percent  of  the  total  resistance. 
The  size  of  wire  for  each  step  de- 
pends on  the  heating.  If  a  motor 
is  to  start  in  16  seconds,  with  eight 
steps  the  contact  arm  of  the  start- 
ing box  would  stop  two  seconds 
on  each  button;  that  is,  the  first 
step  would  be  in  circuit  two  sec- 
onds and  then  cut  out,  the  second 
step  would  be  in  circuit  four  sec- 
onds, etc.,  until  the  last,  which 
would  be  in  circuit  16  seconds. 
The  total  heating  on  any  step  de- 
pends on  the  resistance,  current 
and  time  for  which  that  step  is  in 
circuit,  while  the  temperature  rise 
of  the  resistance  material  depends 
on  the  specific  heat,  and  the  type 
of  construction  with  reference  to 
absorption  and  radiation  of  the 
heat,  etc.,  so  that  it  is  impossible 
to  give  any  one  rule  to  cover  all 
cases.    See  Nos.  300,  Sept.,  1900,  and 

630,    Oct.,    191 1.  H.C.N. 

746 — Compounding  of  Rotary 
Converter  by  Line  Reactance — 
A  3  300  volt,  three-phase,  60 
cycle  generator  transmits  power 
over  a  line  having  ten  percent 
drop,  through  stepdown  trans- 
formers to  a  rotary  converter 
giving  600  volts  direct  current. 
What  is  the  ratio  of  transforma- 
tion in  the  transformers?  If 
the  resistance  and  reactance  of 
line  plus  transformers,  are  2 
ohms  and  5  ohms  respectively, 
what  range  of  voltage  may  be 
obtained  on  the  rotary  con- 
verter? F.B.B. 

In  order  to  give  definite  reply 
to  this  question  it  would  be  neces- 
sary to  know  the  ratio  of  series 
field  ampere-turns  to  armature, 
ampere-turns  and  other  character- 
istics of  the  particular  machine. 
Reference  to  the  article  by  Mr. 
Jens      Bache-Wiig      on      "Voltage 
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ttion    of   Compound    Wound 
s"    in    the    Journal    for 
.   iqio,  p,  86o,  will  sen  e 
>  •  air     question.      The 
met)  idered   in   this  article 

in  approximate  one,  practically 
free  oi  mathematics,  for  determin- 
t he    rcsu'  tainable    under 

with    rotary   con- 
vcr-  sign  and  with 

van  DS  of  line  reactance 

747 — Rotary   Converter   Booster 
Combination — We  wish  to  main- 
tain    a     pressure     oi     about     600 
Its  at   a  distance   of   five   miles 
from    substatii  This    station 

now  has  two  600  volt,  25  cycle, 
150  kw  r>  nverters  in  serv- 

ice.      It    is    proposed    to    install 
e     new     300     kw     rotary     Con- 
ner,    (without     starting     mo- 
remove    starting   motor 
from    one    of    the    150    kw    con- 
verters,   direct-connect    their 
shafts    and    make    electrical    con- 
nections as  indicated  in   Fig.  747 
It    is    calculated    that    two 


] 

747  (a) 

miles  of  No.  5  will  shunt 

rficient    feeder    drop    for    field 

excitation     on     the     booster     to 

ge   at   the   station 

100  ampc 

a — Will  it  be  possible 

pressure    to    exceed    600 

•Its  at  any  point  on  the  trolley 

b — Is  th<  .33 

-  the  field  circuit 

le   600   volt,    150   kw 

r  rter,    with    shunt 

field  '  d  in  multij 

c — With  the  arrangement  shown 

11   the   booster   about   comp 

the  drop  in  five  mile 

tv.  and 

track?    d — Ther-  ■  me  ques- 

hether  this  machine 

made     to     commutate 

:ng    heavy    currents 

with    low    field    excitation,    and 

high   armature   speed.  k.j.j. 

a — With   a  b 

arranged,  having  once  adjusted  the 


system  to  give  'hid  volts  at  the 
riids  <>i"  the  line,  more  than  600 
volts  will  not  be  obtained  at  any 
intermediate  point.  /> — The  resist- 
ance of  the   field   will   depend   en 

tirely  Upon  the  design  of  this  par- 
ticular machine.  The  size  of  wire, 
length  of  turn,  and  number  of 
turns  per  pole  would  have  to  be 
.uiven  to  determine  this  resistance. 
C — The  ampere-turn  strength  of 
the  series  field,  as  well  as  the  com 
plete  design  of  the  booster,  would 
have  to  be  known  to  determine 
what  voltage  the  series  held  is  ca- 
llable of  generating  at  various 
loads.  In  view  of  the  fact,  how- 
r,  that  series  fields  arc  usually 
weak,  it  probably  would  not  be 
possible  to  compensate  for  the 
drop  in  this  way.  d — The  scries 
field  excitation  is  proportional  to 
the  current  flowing,  but  as  this  ex- 
citation is  small  compared  with 
that  at  which  the  machine  is  prob- 
ably designed  to  operate,  we  an- 
ticipate very  poor  commutation 
with  the  converter  run  as  a 
booster.  r.h.n. 

748 — Operation  of  Induction  Mo- 
tor With  Repulsion  Starting 
Characteristics — In  a  motor  of 
the  single-phase,  repulsion  start- 
ing, induction  running  type, 
would  there  be  any  harmful  ef- 
fect if  the  motor  were  to  fail  to 
release  the  brushes  or  short- 
circuit  the  commutator,  due  for 
example  to  an  overload,  but 
ntinue    to    run    as    a    repulsion 

C.W. 
These    motors,    as    manufactured 
by    various     companies,    will    over- 
heat in  a  short  time,  say  15  or  20 
minutes,     if    loaded     to     the    point 
where  the  governor  fails  to  change 
them    over    from    operation    as    rc- 
pulsion    type    to    operation    as    in- 
duction type  machines.     The  com- 
mutator   and    brushes    are    not    de- 
ed     to     handle    a    continuous 
current      of     a     magnitude      corre- 
•lding    to    the    normal    capacity 
of    the    motor,    and    it    is   therefore 
unsafe     to     allow     the     motor    to 
-I   to   tin-   line   in   case 
it  does  not  reach  a  sufficiently  high 
hort-circuit  the  commu- 
r    and    thus    convert    the    ma- 
chine into  an   induction   motor. 

A.M.D. 
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749 — Starting  and  Protection  of 
Small  Direct-Current  Motors — a 
— What  is  the  largest  type  of 
direct-current  motor,  in  horse- 
power rating,  that  can  be  safely 
started  without  a  starting  re- 
sistance to  cut  down  the  current 
while  the  armature  counter- 
e.m.f.  is  building  up?  b — What 
special  requirements  should  be 
asked  for  when  switch  and  rhe- 
ostat arc  located  out  of  sight  of 
the  motor  they  are  controlling, 
to  comply  with  Rule  <S\  Sec.  c, 
of  the  National  Electric  Code? 

K.W.A. 

a — This  depends  on  the  design  of 
the  motor;  practically  any  motor 
up  to  and  including  one-half  horse- 
power capacity  will  start  safely 
when  connected  directly  on  the 
line.  By  special  design,  motors  up 
to  20  hp  are  made  which  may  be 
safely  started  in  this  way.  This 
does  not  take  into  consideration 
the  question  of  the  effect  of  such 
starting  on  the  circuit  to  which  the 
motor  is  connected,  as  regards 
voltage  fluctuations.  This,  how- 
ever, is  not  an  important  item  un- 
less the  system  or  line  is  of  limited 
capacity  or  so  loaded  that  this  fea- 
ture has  to  be  considered,  b — 
When  the  switch  and  rheostat  are 
located  out  of  sight  of  the  motors 
which  they  control,  the  approval 
of  the  local  Underwriters'  inspec- 
tion department  must  be  obtained 
in  writing.  The  object  of  having 
the  motor  within  view  of  the  op- 
erator when  he  is  at  the  controll- 
ing apparatus  is  to  enable  him  to 
see  whether  the  motor  is  starting 
properly.  The  Underwriters  some- 
times wave  this  requirement  in 
special  cases  where  they  consider 
that  it  does  not  apparently  affect 
the  fire  hazard.  j.m.h.  and  D.  H. 

750 — Control  of  Wound  Secondary 
Induction  Motors  in  Parallel — 
In  an  installation  of  several  175 
hp,  three-phase  25  cycle  600  volt 
wound  secondary  induction  mo- 
tors it  is  desired  to  increase  the 
load  about  05  percent,  on  the 
machines  which  these  motors 
drive  through  rope  transmission. 
\\  ill  it  be  practical  and  econom- 
ical to  couple  two  of  these 
motors  together  on  the  same 
shaft  and  have   them   drive   one 


machine,  as  per  Fig.  750  (a)? 
The  present  controllers  are  hand 

operated  and  are  ample  to  take- 
care  of  300  hp;  there  is  also  heavy 
.urid  type  resistance  in  the  secon- 
dary circuit.  Please  give  a  dia- 
gram of  the  best  method  of  con- 
necting the  extra  set  of  resistance 
in  the  secondary  circuit.  If  there 
is  any  other  way  they  can  be  con- 
nected to  run  together  satisfac- 
torily will  you  please  explain  in 
full.  W.S.D. 

Two  induction  motors  may  be 
connected  to  the  same  load,  irre- 
spective  of  their   size   and   charac- 


1/ j  up        "-™     ■       1 .     n, 
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(b) 


4# 


11 


(HHH 


■      -f'  -~~ 


11 


& 


No.   750   (a),    (b),  and   (c> 

teristics,  provided  each  motor  has 
its  own  controller,  and  the  resist- 
ances are  so  adjusted  that  the  load 
of  the  two  motors  is  divided  in  the 
desired  ratio.  This  can  easily  be 
done  as  long  as  the  slip  of  each 
motor  is  not  too  small;  at  very 
small  slip  a  slight  change  in  the 
secondary  resistance  of  one  of  the 
motors  will  cause  a  considerable 
change  in  the  load.  This  is  dem- 
onstrated in  Fig.  750  (b).  As- 
suming that  motor  //  has  a  speed- 
torque  curve  of  relatively  greater 
drop  in  speed  than  motor  /,  and 
that  the  total  required  torque  is 
equal   to   a  +  b;   then   motor  /  will 


THE  ELECTRIC  JOURNAL 


■  irque   and    motor 
I    s    torque,  the  torqui 
:   much  r  than 

h     the    two 
:'    the    motors    were 
immon  controller 
cir>  I,  il   w  ould 

n   he   n  ry   that   both   mo- 

:tly  the  same  charac- 
ter, nd   that  the   two  motors 
be   so   lined    up    relative   to   each 
other   that    they   will    operate    ex- 
actly in  phase  in  both  primary  and 
If    this    is    not    done 
there   will    l>e   circulating   currents 
through    the    two    rotor   windii 
which  will  cause  heating  and  pre- 
I    the    i  from    developing 
the   required    torque.      Since   it    is 
fulfill   the  above 
requirement   it    can   hardly   be   rec- 
ommen                connect  the  second- 
aries to  one  common  controller  cir- 
cuit,  unless   a   considerable   resist- 
ance  is  also   inserted    in    the    con- 
necting   1«  hown    in    Fig. 
Nevertheless,  as  a   rule. 
the  simplest  and  best  method  is  to 
equip   each   motor   with   a   separate 
roller   circuit.  n.c.s. 

751 — Unbalancing  in  Three-Phase 
— Two-Phase  Transformer  Ar- 
rangement —  When  three-phase 
current  is  changed  \<<  two-phase 
at  3000  volts,  which  supplies 
tr.  for    '  1  li  a  s  e 

diting, 
as   in  why  are   the 

tv.  not  balanced?     One 

le  line  carries  about  i_>  per- 
cent more  current  than  the  other. 

J.S.W. 

T:  lition  ' '  is  du< 

a    difference    in  'actor     l>e- 

n   the   two-phase   load    and    the 
d. 
'    and    I  repre- 

•     the    two-phi  th'-n 

-ent  the  single-pl 
e.m.f.    Tf  the  polyphase  load  ha 

then    the 

lations   are   as    shown    in 

urrent 

phase 

3,   that    due 

of   pi  3,    and     OC,   that 

due   "  jde-pha  The   re- 

>C     combined     with 

OAx    and     OBx     respectively,     viz: 


OD,  and  0EU  will  l>e  the  currents 
in    the    leads.       It',    now,    the    power- 

factor  <>t'  the  polyphase  load  lie, 
say  So  percent,  the  conditions  will 
he  as  shown   in    Fig.  751    (d),   the 


(a)  {i) 

751     (a),    (b),    (c),    and    (<1) 

currents  corresponding  to  those  in 
(c).  Thus  0Dy  and  OE,  may  have 
an  entire!  y  different  effective 
value,  dependent  upon  the  differ- 
ence in  power-factor  of  the  poly- 
phase and  single-phase  circuits. 

C.F. 

752 — Change     of     Connection     for 
Reversal   of    Shunt    Motor   With 
Commutating    Poles — In    chatiK- 
ing    the    connections    of    a    four- 
pole,     shunt     wound,     direct-cur- 
rent  motor  having  commutating 
poles,  is  there  any  advantage  in 
changing    the    armature    connec- 
tions    as     compared     with     the 
method    1  »f    r<    ersing    the    field 
onnections?      If   so,   please   ex- 
plain. S.K. 
For   the   control   of  a   shunt   mo- 
tor   with    commutating   poles,    the 
method  of  reversing  the  armature 
and     commutating    p  0  1  e     connec- 
tions  offers  a   quicker  means  than 
that    of    r<                    the    shunt    field 
connections,  as   the   self  induction 
of  the  shunt  field  winding  and  lag 
in    the    magnetic    circuit    cause    a 
tardiness   of   reversal   which   is   not 
involved    when    the    armature    and 
mutating     pole     are     reversed. 
The  relation  of  armature  and  com- 
mutating   pole    winding    should    of 
always    be    kept    the    same, 
of   the    direction    of   ro- 
>n    of   the   armature,   preferably 
:  manent  connection  between 
them.                                             j.m.h. 
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SEATTLE  CONVENTION  OF  THE  NA- 
TIONAL ELECTRIC   LIGHT 
ASSOCIATION 

The  annual  convention  of  the  Nation- 
al Electric  Lighl  Association  will  be 
held  in  S  >  14. 

The  principle  items  in  the  program 
are  as  follow  s : 

Monday       Evening  -Reception 
opening  of  exhibition. 

Tuesday  .l.M. — Address  of  President 
Gilchrist;  Reports  of  Committees  on 
'"Organization  of  the  Industry";  of  "In- 
surance of  Expert";  "Progress";  "Li- 
brary"; "Handbook";  "Question  B 
Paper,  "Expanded  Loyalty,"  by  Paul 
Lupke. 

Tuesday  P.M. — First  Commercial  Ses- 
sion: i.  Address  of  Chairman  of  Sec- 
tion, H.  J.  Gille.  2.  Address,  Commer- 
cial Development  of  the  Electrical  In- 
dustry, W.  W.  Freeman.  3.  Report  of 
Committee      on      Men  ;>,      George 

Williams.  4.  Report  of  Committee  on 
Steam  1  Latin-,  S.  M.  Bushnell.  5.  Re- 
port of  Committee  on  Electric  Refrig- 
eration  and   Ventilation,   John   Meyer. 

First  Accounting  Session — 1.  Report 
of  Committee  on   Uniform   Accounting, 

E.  J.  Bowers.  2.  Paper,  Incandescent 
Lamp  Accounting  of  the  Mew  York  Ed- 
ison Co.,  W.  H.  Bogart.  3.  Paper, 
Handling  and  Accounting  for  Scrap 
Materials.  Chas.  E.  Bowden.  4.  Paper, 
(lateral  Filing  Systems.  R.  II.  Wil- 
liams. 

First  Technical  Session — 1.  Report 
of  the  Meter  Committee.  O.  J.  Bush- 
nell. 2.  Paper,  Meter  Setting,  S.  D. 
Sprong.  3.  Report  of  Committee  on 
Grounding  Secondaries,  W.  H.  Blood, 
Jr.  4.  Report  of  Lamp  Committee,  F. 
W.  Smith.  4.  Report  of  Committee  on 
Electrical  Measurements  and  Vain 
Dr.  A  E.  Kennedy  (to  be  read  with 
Lamp  Report).  5.  Paper,  Line  Volt- 
age, R.  E.  Campbell. 

Tuesday  Evening  —  First  Po 
Transmission  Session — 1.  Address  of 
Chairman,  Henry  L.  Doherty.  2.  Re- 
port, The  Use  of  Electricity  for  Initia- 
tion and  Agricultural  Purposes,  C.  LI. 
Williams  (illustrated  by  lantern  slides 
and  motion  pictures). 

Second  Commercial  S.ession — 1.  Re- 
port of  Committee  on  Residence  Busi- 
ness, J.  F.  Becker.  2.  Report  of  Com- 
mittee on  Industrial  and  Commercial 
Lighting,  E.  H.  Bcil.  3.  Report  of 
Committee   on   Competitive    Illuminants, 

F.  H.  Golding.  4.  Report  of  Commit- 
tee on  Electric  Adevrtising  and  Deco- 
ratove  Street  Lighting,  W.  H.  Hodge. 

Wednesday  A.M.  —  Second  General 
Session  and  Executive   Session— 1.  Re- 


port   of    Rate    Reseai  .    K. 

\V.  Lloyd.  2.  Paper,  The  Desirability 
oj  a  Central  Station  Load  oj   Pumping 

Municipally  Owned  Water  Works, 
Chas.  A.  Munroe.  3.  Lain..  Educating 
Central  Station  Employees,  II.  E.  Grant 
(to   be   di  in    Company    Section 

ing,   Thursday    P.M.  1. 
Executive    S  (12  or    12:30) — t. 

ion     on     Report     of     Public     Policy 
Commit;  e,     Arthur    Williams.    2.  Pre 
n    of     Proposed    Constitutional 
Amendments,    Frank    W.    Frueauff.    3. 
Reporl  of  Treasurer,  G.  II.  Marries.     4. 
ttion  of  Nominating  Committee. 
Second    Technical    Session — 1.  Report 
of   the   Committee  on   Terminology,  W. 
II.    Gardiner,    Jr.     2.   Paper,    New    Cur- 
rent-Consuming  Devices,    F.    N.   Jewett. 
3.   Paper,   Twenty-four-Hour  Service  in 
Small  Central  Stations.  Taliaferro   Mil- 
ton.    4.  Report  of   Committee  on   Over- 
head Line  Construction,  Farley  Osgood. 
Second  Accounting  Session — 1.  Paper, 
Proper  Accounting  for  the  Sale  of  Elec- 
tric Devices,  L.   M.   Wallace.     2.   Paper, 
Scientific  Management   of  an  Account- 
ing    Department,     Franklyn    Llevdecke. 

3.  Paper,  Central  Station  Motor  Ve- 
hicle Costs  and  Their  Distribution  to 
Accounts  Benefited.  E.   C.   Scobell. 

Wednesday  P.M.  —  Second  Power 
Transmission  Session — 1.  Paper,  Work 
and  Publications  of  the  U.  S.  Govern- 
ment Relating  to  Hydro-Electric  Devel- 
opment. J.  S.  Hoyt.  2.  Report  of  Pow- 
er Transmission  Committee  of  the  As- 
sociation, J.  R.  McKee.  3.  Report  of 
Committee  on  Power  Transmission 
Progress,  T.  C  Martin.  4.  Paper, 
Switchboard  Practice  for  High-Tension 
er  Transmission,  Stephen  Q.   Hayes. 

Third  Commercial  Session  —  t.  Re- 
port on  Electric  Vehicles,  L.  R.  Wallis. 
2.  Report:  Electricity  in  Rural  Dis- 
tricts, J.  G.  Learned.  3.  Paper,  A  Plan 
for  Increasing  Pozvcr  Load,  1 1.  W.  Cope. 

4.  Report:  Selling  Current  to  Larger 
Power  Users,  Joseph  Lukes. 

Third    Accounting    Session — 1.  Paper, 

Regulated    Electric     Light    Accounting. 

H.     M.     Edwards.     2.   Paper,     Progress 

[fade    in    the    Uses    of    the    Tabulating 

Machine,  Wm.   Schmidt,  Jr. 

Wednesday  Evening  —  Public  Policy 
Session — 1.  Musical  Program.  2.  Read- 
in-  of  Report  of  Public  Policy  Com- 
mittee, Arthur  Williams.  3.  Report  of 
the  Medical  Commission  on  Resuscita- 
tion from  Shock,  W.  C.  L.  Eglin.  4. 
Lecture.  Electrification  of  the  Panama 
Canal    (illustrated  by  lantern   slides). 

Thursday  A.M. — Fourth  Commercial 
Session — 1.  Report  of  Committee  on 
Cost  of  Commercial  Department  Work, 
E.  L.  Callahan.    2.  Report  of  Commit- 
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\cc  Routine,    T.    I. 

>>n  the 
.   1".    1     Callahan. 

cploita- 
'    I 
i.'ii     i.     R< 
ne   Movers,   1.    E. 
(Hi 
1      I..    Elden.    .; 
>'ii   Underground 
W.   1 ..    '  ;     Paper, 

of    Transform! 
W.    M.   M 
77;,  M.  —  Third       Power 

—    I.  Report    of 
-     Appar; 
Lines,    F.    B.   H. 
Paine.  <na   on   High-Ten- 

3.  Report    of 
ion    from    Light- 
ning and  I  rbances,  S. 
D.                 j.     4.  Topical       Discussions 
(time  permitting 
Third   General    E  ntive 
-1.     ]'               ne  I  rses  <>f  Metals, 
Dr.   W.   R.  Whitney.    2.  R  ;    rl   of  the 
imiltee          -           Lighting,  John  W. 
3.  Report    of   the    Committee   on 
.  T.  C.  Martin.    4    Report  of 
the                              "ii  tnal 
Amendment             'ik    \\*.     Frueauff.     5. 
tutional     Amendments. 
6.  Report     of     Nominating     Committee. 
of      Officers.     8.  Adjourn- 
ment. 

Company  Sec; ions  Session  —  1.  Re- 
port of  C  '.ward  of  Do- 
ner .Medal.  W.  W.  Freeman.  2. 
Grant  Paper.  3.  The 
Proposed  Company  1  Lecture 
T.  C.  Martin.  4.  Experience 
Meeting  as  to  Company   Section   Work. 

The    membership    of    the    A- 

is    :  r    11  000.     The 

papers    have    been    printed    and    distrib- 

in     advance     so     that 

lie  pie:.  r   study 

cms,  etc. 


ILLUMINATING  ENGINEERING  SOCIETY 

Th<  tion  of  the  Illumi- 

ty  held  the  last 
me  n  on 

•  ■ 
Semi-Direct  and   Indirect   Illu- 
minati  '       Hennin 

and    T.    W.    I  he    Holopl 

mpany  and  S  T  Hibben,  of  the  Mac- 
beth-Evan -  mpany.  The  dis- 
cussion was  participated  in  by  Mr.  J.  R. 
Cravath.  consulting  engineer;  Mr.  A 

Company,  and 
n  S    Millar,  general  secretary 
of  the  society. 


TRIP  OF  OFFICERS  01    AMERICAN  ELEC- 
TRIC RAILWAY    ASSOCIATION 

With  the  object  of  establishing  a  better 
understanding  between  public  service 
porations  and  the  communities  which 
they  serve,  the  officers  of  the  American 
Electric  Railway  Association  have  been 
making   an    tiooo  mile   tour,  beginning 

April    17th.  and  ending    May  30th.     Tin  11 

trip  includes  such  cities  as  Richmond, 
Va.;  Atlanta,  Ga.;  Nashville,  Tenn.; 
Birmingham,  Ala,;  New  Orleans,  {- 
veston,  Dallas,  Los  Vngeles,  San  Fran- 
cisco, Portland,  Vancouver,  Seattle, 
Spokane,  Minneapolis,  St.  Paul,  Omaha, 
St.  Louis,  Louisville,  Ky..  Indianapolis, 
Cincinnati,  Pittsburgh  and  Cleveland, 
Ohio.  It  is  also  one  of  the  objects  of 
this  trip  to  increase  the  membership  of 
the  association  and  to  cultivate  closer 
illations  with  the  remote  members.  Mr. 
Thomas  X.  McCarter,  president  of  the 
Public  Service  Corporation  of  New  Jer- 
sey,  is  president  of  the  association. 


A.  I.  E.  E.  MEETING 

The  May  meeting  of  the  Pittsburgh 
section  of  the  American  Institute  of 
Electrical  Engineers  was  held  on  May 
14th.  The  principal  paper  of  the  even- 
ing was  by  Mr.  J.  II.  Wilson,  electrical 
superintendent  of  the  American  Rolling 
Mills  Company,  on  the  "Electri 
Equipment  of  a  Rolling  Mill."  The  pa- 
per was  discussed  by  Messrs.  W.  Sykes, 
Brent  Wiley  and  W.  Trinks. 


The  semi-annual  convention  of  the 
Society  of  Mechanical,  Electrical 
&  Steam  Engineers  was  held  in  Pil 
burgh.  May  10,  /-  and  r8.  Papers  v. 
r<ad  by  Mr.  E,  A.  Uehling,  of  the  Uehl- 
iiii.r  Instrument  Company:  Mr.  Ralph 
Bi  -nan,  of  the  National  Electric  Lamp 
\-  :  .and  Mr.  Francis  Gangl,  of 

the  Northern  Ohio  Traction  &  Light 
Company.  Numerous  side  trips  were 
mad  arious    manufacturing  plants. 

Mr.    E.    M.   Adams,  of  Akron,   Ohio,  is 
president  of  the  society  and   Mr.    I 
Sanborn,  of  the  Ohio  State  University, 
asurer. 


WANTED. 


Technically  educated  men  for  reg- 
ular positions  in  our  testing  depart- 
ments. Only  those  familiar  with  test- 
ing -mall  motors  and  generators  need 
apply.  Address,  Box  911,  Pittsburgh, 
Pa. 
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Quality  in  Circulation 

It  is  becoming  more  and  more  the  case  that  trade  adver- 
tisers are  considering  quality  rather  than  mere  gross  circulation 
in  choosing  their  advertising  mediums.  They  are  realizing 
the  tremendous  waste  in  shooting  hroadcast  when  they  wish 
to  reach  only  a  certain  definite  field. 

The  Electric  Journal  has  consistently  devoted  its  efforts 
to  supplying  the  technical  wants  of  a  certain  class  of  readers. 
Its  articles  have  been  keyed  to  attract  those  who  are  actively 
interested  in  one  general  subject  : — 

The  Development  and  Utilization 
of  Electric  Power. 

Under  this  heading  are  included  officials  and  other  em- 
ployees of  electric  light  and  railway  companies;  power  and 
transmission  companies;  manufacturing  concerns,  and  especial- 
ly those  interested  in  illumination  and  the  application  of 
electric  motors;  consulting  engineers;  technical  students  and 
instructors;  electricians,  etc.  Advertisements  directed  to  our 
definite  group  of  readers  bring  results. 

Over  3  000  of  the  membership  of  the  American  Institute  of 
Electrical  Engineers  are  on  our  regular  mailing  list,  including  the 
president,  numerous  past  presidents  and  other  officers. 

The  average  edition  of  the  Journal  for  1911  was  12  375 
copies.  We  have  no  free  list  whatever.  All  copies  sent  regu- 
larly go  to  our  paid-up  subscribers. 

The  Journal  is  published  monthly,  which  ordinarily  is  often 
enough  to  call  upon  prospects  in  the  engineering  trades.  It  does  not 
aim  to  be  an  electrical  newspaper — its  articles  are  of  permanent  value 
to  be  kept  for  future  reference.  We  have  already  bound  for  our  readers 
over  !>  300  volumes. 

All  American  advertising  is  included  in  the  International  Edition,  our  circula- 
tion outside  of  the  United  States,  Mexico  and  Canada  being  about  1 

Inquiry  from  any  prospective  advertiser  will  bring    full    informa- 
tion   regarding   rates,    etc.     We   give   complete  circulation   distribution 
statement.       Our    stencil    mailing   lists   are  always  open   to  inten 
advertisers. 

The  Electric  Journal,  -  Pittsburgh,  Pa. 
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PERSONALS 

and    p  ion    of 

the  W 
&    Mfg.    Company, 
•  June  ime 

of      the 
I     .'.        Coi  pany,    located    at 
Washington.    This  com- 
pany power 

from   their  66 

■   wns  of 

::.    Sequir, 

Porl     Wil- 

lian  •  I      Ludlow,      Mam  tte,       I 

[er,   Fori    Flagler, 
the  Navy  Yard.    1  rch- 

ther    towns    on    the    Olympic 
i  la. 


Mr.    I..    IT.    Swinbank,   assistant   pur- 

British   Westing- 
trie    &    Mfg.    Company,    Ltd., 
ind,   ha  ned   liis 

i   • 
take   up   a  similar   post   with    Me 
:mer    Mond    8  .     Ltd.,     North- 

hire. 


Mr.  Chas.   F.   Gray  has_  resi        I   his 

in    the 
E   the  Canadian   Wi 

ition 
pany,  Win- 
ranch. 


Mr                  McKi-  ntract   man- 

f    the  unty     I-ight 

ele  t    Light 

ational  Electric   Li 


Edwin 

"'•St- 

the 

-    ■ 

g      his 
r  position 

h    a    handsome    silver    coffee 


Mr.  K.  M.  Hopkins  has  been  appointed 
s   managi  r    t<  tr   the    Pitl  ;bui  gh    dis 
i    the    Allberger    Pump    &    Con 
den  tnpany,    with    offices    in    the 

Farmers    Bank    Building. 


Mr.  C.  F.  Hewitt,  who  has  been  gen- 
eral superintendent  of  the  Easl  St.  Louis 
&   Suburban   Railway  Company    for  the 
ur  years,  lias  been  elected  vice 
nt    and   general   manager   of   the 
Des  Moines  City  Railwaj   Company. 


Mr.  Warren  B.  Flanders,  of  the 
am  turbine  engineering  department  of 
the  Westinghouse  Machine  Company, 
has  resigned  and  accepted  a  position 
with  the  Havana  Electric  Companv, 
J  lavana,  Cuba. 


Mr.  R.  F.  Howard,  formerly  district 
engineer,  connected  with  the  Montreal 
office  of  the  Canadian  Westinghouse 
ipany,  has  accepted  the  position  as 
salesman  in  the  Winnipeg  office  of  the 
same  company. 


Mr.    L.     R.     Parker,     formerly    with 
W(  use    Church     Kerr     Company, 

and  engineer  in  the  ( Cincin- 

nati office  of  the  Westinghouse  Electric 
&   Mfg.   Company,  ha  a  posi- 

alesman  with  the  Canadian 
Westinghou  I  ompany,  .Montreal  of- 
fice, and  is  local  Halifax,  N.  S. 


NEW  BOOKS 


"Valuation   of    Public   Utilitie     Proper- 
" — Henry   Floy.    385  pages.     Pub- 
lished by  the  McGraw  Hill  I'.ook  Com- 
pany, New  York  Ci         Price,  $5.00. 
te    comprehensive    announcements 
have  already  been   published   describing 
this  new  work  and  its  full  contents  have 
11  known.     <  )ne  might 
gather  a  definite  impression  of  the  honk 
from  the  listing  of  its  well  chosen  chap 
Mr.  Roy  has  su         led      osl   ad- 
mirably in  his  pr<  'is  of  the  sub- 
•  which,  although  not  finally  ren  oved 
.1    the    embryonic    stage,    is    at    the 
time  of  extremely  vital  interest  to 
the  most  of  the  engineering  profession, 
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and  in  which  the  engineer  shall  continu- 
ally lie  more  concerned.  From  direcl  ex- 
ience,  various  authentic  sources  and 
court  proceedings,  the  author  lias  codi- 
fied preced  g  down  deductions 
and  principles,  both  convenient  and  valu- 
able to  the  utility  corporations  and  en- 
gineers. The  book  abounds  with  cita- 
tions of  leading  legal  cases,  and  fur- 
ther includes  several  representative  ap 
praisals,  i:  is  evident  to  the  read 
that  the  book  has  been  prepared  with 
painstaking  effort  and  care  in  its  vari- 
ous  ramifications.  E.D.D. 


"The  Art  of  Illumination" — Dr.  Louis 
Bell.  353  pages,  171  illustrations. 
Published  by  the  Mc<  iraw- 1 1  ill  Book 
Company,  New  York  City.  Trice, 
$2.50. 

This  is  the  second  edition  of  this 
well  known  work.  Great  changes  in 
illumination  have  taken  place  since  the 
appearance  of  the  first  edition,  both  in 
the  art  itself  and  in  light  units  availa- 
ble. After  several  general  chapters  on 
the  principles  of  illumination,  discus- 
sions are  given  of  the  gas  incandescent 
lamp,  the  electric  arc  lamp,  and  the 
electric  incandescent  lamp.  Several 
chapters  are  devoted  to  methods  of 
uring  lighting  of  interior-,  both  large 
and  small,  and  exteriors;  with  a  closing 
chapter  on  illumination  of  the  future. 
Those  who  have  read  other  books  by 
the  author  will  know  the  general  style 
to  expect.  Some  of  the  illustrations 
seem  somewhat  out  of  date,  due  pos- 
sibly to  the  older  edition.  This  is  a 
book  for  the  general  technical  reader 
rather  than  the  expert  modern  illumi- 
nating engineer. 


"House     Wiring"— Thomas     W.     Pope. 
103   pages.  74  illustrations.     Published 
by  The  Norman  W.  Henley  Publishing 
Company.  Xew  York.     Price.  50  cents. 
This    little   book   is   intended    for   the 
electrician    and    wireman    and    contains 
many  helpful  suggestions  as  to  the  best 
methods  of  solving  wiring   problems   in 
accordance  with  the  rulings  of  the  Na- 
tional Board  of  Fire  Underwriters. 


"Knots,    Splices    and    Rope    Work" — A 
Hyatt  Yerrill.     102  pages.  t_jS  illustra- 
tions.    Published  by  The  Xorman  W. 
Henley     Publishing     Company,     New 
York  City.    Price.  60  cents. 
This  is  a  practical  treatise  illustrating 
and  explaining  methods  for  making  the 
more  common   knots,   ties   and   hitches, 
with  chapters  on  splicing,  nooses,  moor- 
ing knots,  etc. 


EVENTUALLY 


If  not  now  using  our 
Hide  Faced  Ham- 
mers and  Raw  Hide 
Mallets. 


All  electrical  plants, 
that  have  given  our 
Hide  Faced  Ham- 
mers and  Raw 
Hide  Mallets  a 
trial, have  continued 
\J  to  use  them. 
That  is  why  we  are  so  con- 
fident that  a  trial  will  make 
you  a  customer. 

Write  ui  for  catalogue  "EJ"  and  discount 

Holbrook  Raw  Hide  Co. 

MANUFACTURERS 

Providence,  Rhode  Island 
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electrical 

testing 

Laboratories 

^ 

PHOTOMETRICAL  DEPARTMENT 

Photomrtrical  tcsti  of  all  forms  for  commercial   illumin- 
ants.       Illumination    tests    made  anywhere,    indoors   or 
outdoors. 

ELECTRICAL  DEPARTMENT 

Tests  of  electrical  instruments,   apparatus  and   materials. 
Inspection  of   electrical   material  and  apparatus  at  fac- 
tories. 

GENERAL  TESTING  DEPARTMENT 

Coal  and  ash  analysed.      Paper   tested.      Industrial  and 
clinical    thermometers  checked.      Tensile,    compression 
and  torsion  tests  of  structural  materials. 

80th  St.  &  East  End 
Ave.  Sew   York  City 

The  babcock  &  Wilcox  Company 

BRANCH      OFFICES 

Barton 33   Federal  Street 

Qereland  -     -     -     -  New  England  Building 
Dearer     ....    433  Seventeenth  Street 
Havana,  Cub*     -    161  '  j  Calle  de  la  Habana 
Lot  Angelej     -        -American  Bank  Building 
m  Orle*n»     ....     Shubert  Arcade 
Philadelphia     -     -  North  American  Building 
Pittsburgh  -    Farmeri  Deposit  Bank  Building 
Portland.  Oregon     -     Well»-F»wo  Building 
Salt  Lake  Gty  -    -     -     -    313  Ada.  Block 
San  Franaico      -     -     -     -      99  Firit  Street 

85    LIBERTY  STREET,  NEW  YORK 

Water  Tube  Steam  Boilers 
Steam  Superheaters 
Mechanical  Stokers 

Our  Book  "Steam  "  mailed 
free  on  application 

WORKS 
BARBERTON,    OHIO    AND      BAYONNE,     N.     J. 

NEW  BOOKS 


"Power."    '  y    Charles    E.    Lucke,    Ph.D. 
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lations   of    mechanical    power    and    ma- 
chinery to  social  conditions.    II — 'Means 
employed   f< »r  the  substitution  of  power 
the    labor    of    man.     Ill     I     sential 
ments  of  st  IV 

— Principles  of  efficiency  in  steam  power 
V — Proa  n'l  mechanisms 

of  gas  power  VI— Adaptation 

For  the  use  of  external  com 
VII — Water      Power 
and       Hydraulic       1'n 
VIII — Social     and      Economic     Conse- 

of  the  Substitution  of  Po  ■ 
for  Hand  Labor.  The  book  compri 
mainly  the 

ular  lec'.ur  red  by  the  author.    It 

a  ready  grasp  of  the  underlying 
tures  and  v.         rrelation  of  different 
and    elements    which    constitute 
the  various  characters  of  power  plan 
will    prove   of   educational    value   to 
nd    nontechnical    stu- 
nts, e.fi.ii. 


"Brazing     and      Soldering" — Jame        F. 
Ho), art.       5r     pages.     [8    illustra' 
Published  by  The  Xorman  W.   Hen- 
1     mpany,    New   York 
25  cents. 
This  is  a  small  paper-pound  pamphlet 
containing  practical  instructions  for  dif- 
ferent methods  of  brazing  and  soldering. 
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The   adequate   safeguarding   of    factory   tools   and 
Making-        equipment  is  a  subject  which  is  of  the  first  import- 
Manufacturing- ance  to  tne  management  of  every  modern  manu- 
Safe  facturing  concern,  for  it  involves  the  protection  of 

life  and  limb  of  those  directly  engaged  in  the  work 
of  production.  In  every  manufacturing  establishment  more  or  less 
attention  has,  of  course,  been  given  to  the  study  of  safety  appli- 
ances, but  too  often  it  has  lacked  methodical  investigation,  with  the 
result  that  many  of  the  problems  have  been  solved  by  bitter  ex- 
perience instead  of  by  forethought. 

As  stated  in  the  article  by  Mr.  Pultney,  on  "Safeguarding 
Factory  Tools  and  Equipment,"  in  this  issue,  the  safeguarding  of 
machine  tools  is  largely  a  matter  for  the  tool  builders,  and  in  the 
future  more  will  be  demanded  from  them  by  the  public-at-large 
than  has  been  expected  in  the  past.  Safeguarding  of  machine 
tools  is,  however,  but  one  phase  of  the  problem  and  does  not  in- 
clude other  equally  important  features  connected  with  manuf 
hiring  in  general,  such  as  the  guarding  of  line  shafting,  belting, 
crane  run-ways,  electric  wiring,  industrial  railway  tracks  and  cross- 
ings, and  protection  from  processes  either  hazardous  in  themselves 
or  giving  off  noxious  gases. 

In  attacking  this  problem  systematically  in  any  establishment, 
the  work  should  be  first  placed  directly  under  the  charge  of  a  thor- 
ough and  mature  mechanical  engineer  and  preferably  a  man  hav- 
ing had  a  wide  and  varied  experience.  To  attain  results  most 
quickly,  all  appliances,  processes  and  equipment  should  be  segre- 
gated by  him  into  three  groups:  first,  those  dangerous  in  the  ex- 
treme and  liable  to  cause  serious  accident  at  any  time ;  second,  those 
liable  to  cause  accident  but  of  a  minor  character,  and,  third,  those 
in  which  the  danger  of  accident  is  very  remote  and  then  but  trifling 
in  degree.  Having  accomplished  this  classification,  the  work  of 
safeguarding  should  be  proceeded  with  as  fast  as  the  situation 
warrants ;  cases  which  fall  in  the  first  classification  being  given  first 
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attention,  followed  in  tine  course  by  those  ol  secondary  importance, 
while  cases  of  the  third  class  may  possibly  l>e  deemed  not  to  require 
ling  at  all.  The  assignment  of  a  regular  monthly  allow- 
ance to  cover  such  installations  instead  of  the  appropriation  of  a 
lump  sum,  will  prove  a  most  effective  way  of  accomplishing  the 
desired  results.  It  should  not  he  considered  that  the  completion 
of  the  work  as  indicated  will  mark  the  close  of  the  subject,  espec- 
ially if  the  establishment  be  one  of  any  size;  for  as  fast  as  safety 
appliances  are  installed  they  must  he  included  in  a  system  of  regu- 
lar patrol  or  inspection  to  insure  their  continued  use  and  proper 
upkeep.  Regular  inspection  is  important,  moreover,  hecause  from 
time  to  time  new  products  are  manufactured  or  slight  changes  in 
rating  conditions  take  place,  which  sometimes  nullify,  in  whole 
or  in  part,  safety  appliances  which  were  effective  when  originally 
designed;  such  cases  are  thus  brought  under  observation  for  change 
without  delay. 

Notwithstanding  the  very  best  endeavors  to  conserve  life  and 
limb,  accidents  apparently  cannot  be  wholly  guarded  against  by 
safety  appliances.  Gloves,  loose  blouses,  wiping  waste  and  other 
articles  in  common  use  are  at  certain  times  and  under  certain  con- 
ditions the  cause  of  totally  unlooked  for  accidents.  Such  accidents 
are  classed  as  "Hazards  of  the  Industry,"  and  result  from  unfore- 
seen contingencies  of  one  kind  or  another,  no  small  proportion  be- 
ing due  to  the  variable  human  element  employed.  It  is  earnestly 
to  be  hoped,  however,  that  with  increased  knowledge  of  the  various 
art-  and  processes  on  the  part  of  manufacturers,  and  the  proper 
instruction  of  employees  regarding  the  fundamentals  of  such  know- 
ledge, these  seemingly  uncontrollable  hazards  may  continually  tend 
to  reduce  themselves.  Alexander  Taylor 


Tt  is  only  in  exceptional  cases,  now-a-days,  that  a 
The  man  can   have  his  own   successful   business;  how- 

Organization    ever,  we  must  not  say  that  it  is  only  in  exceptional 
Man  cases  that  a  man   is   in  business  for  himself,  even 

though  the  trend  of  modern  business  is  unquestion- 
ably toward  centralization  and  in  most  cases  men  must  become 
par  j       rganizations.     In  the  large  industrial  companies,  it 

peculiarly  true  that  a  man  does  not  need  to  grieve  over  the  fact 
that  he  h  vn  business.     If  he  is  truly  an  organization 

man  he  will  consider  himself  a  part  of  his  company;  successes  will 
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be  viewed  with  pride  and  complacency  and  failures  will  be  a  source 
of  sorrow  and  chagrin.  In  this  sense,  he  is  not  a  hired  man,  for 
he  is  really  working  for  himself. 

It  is  true  that  modern  business  calls  for  the  much  maligned 
"red  tape" ;  but  who  makes  the  rules  and  weaves  the  red  tape  if  not 
the  individual  unit  in  the  organization?  Rules  are  made  for  a  cause 
and  if,  through  lapse  of  time  or  varying  trend  of  business,  a  rule 
becomes  a  hindrance,  the  trouble  should  be  remedied.  A  clear  con- 
cise plan  should  be  advanced  to  do  away  with  the  rule  or  to  modify 
it  so  as  to  adopt  it  to  actual  conditions.  This  can  be  done  and, 
what  is  more,  is  being  done  every  day  in  modern  business.  With 
such  methods,  our  so-called  handicap  disappears,  and  the  limit  of 
each  man's  opportunities  lies  only  in  his  ability  and  capacity  for 
development.  He  would  have  scarcely  greater  opportunity  if  his 
business  were  his  in  name,  and  then,  too,  it  would  no  longer  be 
financed  for  him. 

Some  men  choose  to  operate  under  the  policy  that  they  are 
"hired"  men.  Such  a  one  forgets  that,  to  make  a  success,  for 
himself  or  for  his  company,  he  must  be  a  unit  full  of  virile  activity 
and  stable  productiveness;  forgets  that  it  is  his  company  with  which 
he  is  identified,  and  forgets  that  he  is  responsible  to  a  degree  for  its 
achievements.  The  result  is  that  he  halts,  while  the  organization 
passes  on,  although  truly  its  advance  might  perhaps  have  been 
greater  if  he  had  been  a  "boosting"  unit. 

When  a  man  is  buying  his  own  stamps,  paying  his  own  office 
rent,  and  hiring  his  own  stenographers,  he  can  be  depended  upon 
to  keep  all  of  his  mental  faculties  and  energies  on  duty  to  bring  in 
real  and  increasing  revenue.  The  "hired"  employee  of  the  big  or- 
ganization does  not  take  this  point  of  view.  As  a  result  he  finds,  to 
his  regret,  that  he  is  truly  in  business  with  his  company  for  himself. 
for  the  ultimate  result  is  that  he  is  relegated  to  the  unimportant 
position,  while  the  organization  man  receives  the  call. 

Every  successful  concern  of  to-day  must  give  good  account  of 
itself,  and  it  can  do  so  only  through  the  co-operation  of  men  hav- 
ing at  heart  true  interest  in  its  work.  The  days  of  the  so-called 
independent  man  may  be  numbered,  but  the  life  of  the  organization 
man  has  just  begun.  Harlan  A.  Pratt 
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PROBLEA^S 

C.  E.  CLHWELL 

ILLUMINATION    problems   include   the   selection   of   a   type   and 
f  lamp  and  accessories  for  given  conditions;  the  determi- 
nation of  the  number  and  arrangement  of  lamps  for  given  floor 
and  the  adaptation  of  the  lighting  units  to  certain  require 
ments  through  the  medium  of  a  working  drawing  containing  all  the 
necessary  information  for  the  actual  installation  of  a  given  system. 

INSPEI   riNG    THE   LOCATION 

An  essential  element  in  the  design  of  a  lighting  system  is  famil» 
iarity,  either  by  inspection  or  otherwise,  with  the  character  of  work 
or  the  service  for  which  the  illumination  is  intended.  This,  in 
large  measure,  determines  the  quantity  of  light  necessary  for  satis- 
factory results,  and  in  turn  the  number  of  lamps  to  be  used.  The 
location  must  he  carefully  measured,  this  fixing  the  width,  length 
and  height  of  the  areas  to  be  supplied  with  lamps.  The  position 
and  size  of  columns,  which  divide  the  total  floor  space  into  a  number 
of  sub-divisions,  should  be  observed  because  the  bays  determine,  in 
a  measure  at  least,  the  arrangement  of  wiring  and  control  circuits. 

ention    should    also   be   given    to    the    kind   of    ceiling,    that    is, 
whether  it  is  composed  of  plain   wood   without   under  girders    or 
whether  girders   extend   below,   and  also  the  color  of   ceiling  and 
le  walls — whether  light  or  dark.     It  is  obvious  that  the  light  re- 
flected   from   the   ceiling  and    walls   may  be  a  large    factor   in   the 

dtant  illumination  on  the  reference  plane.     If  the  walls  are  very 
light,  however,  the  glare  caused  by  reflected  light  may  be  objection- 
le.     It  i-  also  hie  to  take  into  account  the  depth  of  girders 

and  their  spacing,  not  only  on  account  of  their  influence  on  the 
wiring,  but  also  on  the  permissible  mounting  height  of  the  lamps 
which,  if  located  \'x>  near  the  girder-,  may  be  obscured. 

Supply  Circuits — If  the  building  to  be  equipped  has  been  in 
use  for  some  time  and  the  new  installation  is  to  replace  an  older 
one,  attention  should  be  paid  to  the  electric  circuits  available.    This 

eAation  should  include  the  capacity  of  wires,  the  voltage,  its 
range  of  fluctuation,  and  whether  the  circuits  are  direct  current  or 
alternating  current.  The  type  of  lamp  is  largely  dependent  upon 
the  foregoing  item-,  and  the  importance  of  ascertaining  these 
various  points  is  therefore  evident.  In  Table  I  an  enumeration  is 
given  of  the  supply  circuits  ordinarily  used  in  various  buildings,  to- 
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gether  with  the  type  of  lamp  which  may  he  used  with  each  separate 
class  of  circuit.  From  this  table  it  may  he  seen  that  certain  lamp- 
are  adapted  to  only  a   few  classes  of  circuits. 

TABLE   I     TYPES   OF  LAMPS  GENERALLY  USED   FOR  THE 
VARIOUS  CIRCUITS  ORDINARILY   FOUND  IN   PRACTICE 


Series 


DIRECT-CURK  E  N T  CIRCU1 X S 

Multiple  or  Multiple  Series 
110  volts  --'L'n  volts  550  volts 


Carbon  Filament     Carbon   Filament     Carbon  Filament      Carbon  Filament 


Tungsten 


Tungsten 


Tungsten 


Enclosed  Carbon      Enclose!  Carbon      Fmclosed  Carbon 


Arc 


Arc 


Arc 


Tungsten 

Enclosed  Carbon 
Arc 


Metallic  Flame         Metallic  Flame         Metallic  Flame         Metallic   Flame 


Arc 

Flame  Carbon 
Arc 


Arc 

Flame  Carbon 
Arc 

Xernst 


Arc 

Flame  Carbon 
Arc 

Xernst 


Arc 

Flame  Carbon 
Arc 


Cooper-Hewitt  Cooper-Hewitt       ,  Cooper-Hewitt 


ALTERNATING-CURREXT  CIRCI'ITS 


vSeries 


Multiple 


110  volts 


25  cycles 


r>0  cycles 


Carbon  Fila-       Carbon  Fila-       Carbon  Fila- 
ment 


220  volts 


25   cycles  60  cycles 


ment 

Tungsten 

Enclosed  Car- 
bon Arc 

Flame  Carbon 
Arc 


ment 
Tungsten 


Carbon  Fila-       Carbon 

Filament 


X  trust 


Tungsten 

Enclosed  Car- 
bon Arc 


Flame  Carbon 
Arc 


Xernst 
Cooper-Hewitt 


ment 

Tungsten 


Nernst 


Tungsten 

Jin  closed 
Carbon  Arc 


Flame 
Carbon  Arc 

Xernst 


Cooper- 
Hewitt 


Space   and  Surrounding   Conditions—  In   some   factories   belts 
occupy  considerable  space ;  others  are  free  from  obstructions ;  while 
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in  still  others  dust  and  dirt  are  present  in  large  quantities.     Such 
iditions  should  all  be  taken  into  consideration  when  the  original 
inspect  tion  is  made,  as  the  type  of  lamp  should  be 

selected  -  litable  to  local  conditions.     The  size  and  ar- 

rangement of  windows  has  an  important  influence  on  the  arrange- 
ment of  control  circuits  and  the  general  requirements  of  artificial 

illumination  at  those  times  of  the  day  when  it  is  mixed  with 
natural  light.  The  influence  of  some  natural  light  when  mixed 
with  artificial  light  is  a  matter  of  fairly  common  knowledge, 
and  while  there  is  unquestionably  a  need  for  more  artificial  light  on 
dark  days  than  at  night,  there  is  some  question  as  to  whether  there 
is  an  actual  need  for  increasing  the  artificial  light  to  meet  these 
requirements.  This  necessity  for  additional  artificial  light  should 
largely  he  determined  on  the  basis  of  whether  the  artificial  light  is 
to  be  used  mostly  on  dark  days,  or  whether  a  night  turn  is  also 
largely  dependent  upon  the  lighting  facilities.  In  the  latter  case  the 
determining  feature  will  probably  he  the  night  turn,  while  in  the 
mer  a  slightly  higher  intensity  of  artificial  light  may  he  advisahle 
than  would  be  the  case  if  it  wras  to  be  used  only  at  night. 

SELECTION  OF  TYPE  AND  SIZE  OF  LAMP 
The  type  of  the  lamp  is  largely  influenced  by  the  circuits  avaih 
able,  by  the  space  conditions,  by  the  color  of  light  desired,  and 
lastly,  regarding  candle-power,  by  the  size  best  adapted  to  the  ceiling 
height  in  question.  It  has  been  found  from  experience  that  there  is 
a  certain  relation  between  the  mounting  height  and  size  of  lamp,  a 
satisfactory  mounting  height  depending  partly  on  the  reduction  of 
eye  fatigue  by  the  use  of  small  lamp-  for  low  ceilings,  and  also  partly 
on  the  shadow  effect  which  varies  with  the  ceiling  height.  Thus, 
from  Fig.  I,  it  is  apparent  that,  for  a  low  ceiling,  the  lamps  must 
be  fairly  close  together  to  avoid  unsatisfactory  shadow  effects,  and 
therefore,  the  size  of  lamp  should  be  small ;  while  for  higher  ceil- 
ings, the  spacing  distance  may  be  greater  for  the  given  shadow 
effect  and  the  size  of  lamp  correspondingly  large.  Fig.  i  is  in- 
tended to  serve  merely  as  an  indication  of  the  results  which  are 
ured  with  different  spacings  and  different  sizes  of  lamps,  and 
while  it  cannot  he  'hat  the  proper  direction  of  the  light  is  the 

only   item   associated   with   spacing  and    mounting  conditions,   it   is 
a  large  factor. 

I     LAMPS 
Spacing  distances  are  in  themselves  a  distinct  feature  in  illumi- 
nation calculations  on  account  of  the  relation  between  spacing  dis- 
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tance  and  mounting  height  which  is  necessary  in  order  to  provide 
light  from  a  suitable  number  of  different  directions,  in  order  to 
avoid  annoying  shadows.  If  the  work  in  factory  spaces  is  crowded, 
there  should  be  a  tendency  to  increase  rather  than  diminish  the 
number  of  lamps,  thus  bringing  them  closer  together  than  other- 
wise. Thus,  in  a  practical  case,  one  must  co-ordinate  the  various 
items  of  spacing  distances,  mounting  height,  and  size  of  lamp  in 
order  to  produce  the  best  results,  and  judgment  resulting  from  ex- 
perience has  possibly  a  greater  bearing  on  the  success  in  such  cases 


FIG.   I — SKI  N  II    SHOWING   EFFECT  OF  MOUNTING   HEIGHT  AND  SPAI  [NG  ON 
THE  PRODUCTION  OF  GIVEN    SHADOW  EFFECTS 

than  the  following  rules.  It  is  the  endeavor,  however,  in  the  fol- 
lowing paragraphs  to  make  plain  the  methods  which  may  be  fol* 
\<  iwed  to  secure  certain  desired  results. 

SELECTION   OF  REFLECTOR  OR  GL0I3E 

Reflectors  should  be  used  both  to  reduce  the  glare  produced 
when  looking  directly  at  a  bare  lamp  and  to  re-direct  the  light  in 
the  most  effective  manner.  A  reflector  can  practically  always  be 
secured  which  will  furnish  uniform  illumination  if  it  has  been 
selected  for  the  size  of  lamp  in  question  and  if  the  ratio  of  the 
spacing  to  the  mounting  height  of  the  lamps  is  in  accord  with  the 
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the  reflector,     h  is  evident,  therefore,  thai  the  choice  of 
the  reflector  should  not  be  based  solel)  on  appearance,  but  thai  care- 
ful  attention   should   be   given    to   secure   the   results   which   the 
r  has  been  designed  to  furnish. 
Re-direction  of  Light  -The  distribution  curve  around  a  bare 
lamp,  shown  in  Fig.  2,  indicates  that  the  light  from  the  lamp  is  sent 
out  in  practically  all  directions.     If  the  lamp  is  mounted  fairly  high, 
.  only  part  of  the  light  will  reach  the  work.     The  function 
intercept  the  otherwise  useless  rays  and  to  reflect 
them  in  a  useful  direction.     It  is,  therefore,  important,  in  lamps  of 
the  tungsten  type,  imple,  for  which  a  large  variety  of  reflec- 

tors are  available,  cither 
to  adapt  the  reflector  to 
the     given     spacing     and 

mounting  conditions  of 
the  lamp,  or  to  adapt 
either  the  spacing  or 
mounting  conditions    to 

the  reflector  chosen. 
It  is  usually  best,  how- 
ever, to  fix  the  spacing 
and  mounting  condition 
of  the  lam]),  and  then 
to  decide  on  the  reflect- 
or which  is  suited  to 
this  given   condition.* 

Where      no     suitable 

refle<  tors    are    available, 

it  i-  important  t<  e  the  lamps  sufficiently  close  together  to  in- 

re  approximate  uniformity  of  the    light.      In    other    words,    to 

eliminate  the  dark   spaces  which  exist  when  lamps  are  spaced  too 

apart. 

•Prismati  of  spacing  distanci 

'n.    The  Holophane  Company  fur  nisi  tandard  line  of  re- 

ing,  the  Int<  nd  the  Ext<  Th<    Focusing 

d  where  tin  ratio  of  spacing  distance  to  raount- 

the  h  type  where  this  ratio  is  ap- 

and  the  Extensive  type   where   this  ratio   is  2.     The   de- 
•  reflec*  form  to  these   numerical   values  is  entirely  arbi- 

■/Ut  ha^  d  in  view  of  tl  '   that  these  values  rover 

a  large  numb  -es  that  arise.     It  is  obvious  that  reflectors 

manufacture    will      furnish     approximately    similar    results    pro- 
•heir  distribution   of  light  conforms  in  a  general  way  to  the  distri- 
bution cur  the  reflectors  just  mentioned. 


_'         '       kllil'TION    OF    LIGHl     ABOUT    A   I 

[DED    WITH     REFI.KCTOR 
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MOUNTING  111  i'H  l 

The  details    of    building  construction,  or  the  interference  of 

cranes,  often  limit  the  mounting  height  of  lamps.  As  a  general 
rule,  lamps  should  be  mounted  high  enough  to  be  out  of  the  din 
line  of  vision  in  order  to  reduce  glare.  Where  the  ceiling  is  low, 
thus  limiting  the  mounting  height,  small  lamps  should  be  used  and 
proper  protect*  >n  affr  >rded  to  the  eves  by  the  use  of  reflectors.  Some- 
times it  is  necessary  to  furnish  light  to  certain  classes  of  work  at  an 
angle.  This  'Vide  light"  effect  may  be  produced,  either  by  mount- 
ing the  lamps  somewhat  lower  than  would  be  the  case  were  the 
elimination  of  glare  the  only  consideration,  or  the  lamps  may  be 
mounted  at  the  best  height  and  broadly  distributing  reflectors  used. 

THE  WORKING  DRAWING 

After  the  determination  of  the  spacing  of  the  lamps,  a  plan  view 
and  elevation  of  the  room  should  be  drawn  to  scale,  showing  loca- 
tion of  the  lamps,  girders,  columns,  conduit,  switches,  etc.  The 
arrangement  of  switch  circuits  should  be  plainly  indicated,  and  the 
5]  >ecifications  should  include  the  type  and  size  of  lamps,  reflectors 
and  holders,  conduit  sizes  and  lengths,  and  other  details  necessary 
for  the  one  who  orders  supplies.* 

THE  STEPS  IN  THE  CALCULATION 

It  may  be  stated  at  the  outset  that  in  the  method  to  be  de- 
scribed the  word  "calculation"  is  perhaps  somewhat  misleading,  as 
this  method  is  largely  made  up  of  a  series  of  steps  in  the  matter  of 
choice  of  various  items  based  on  tables,  the  calculations  being 
mainly  of  a  check  nature.  The  idea,  therefore,  is  rather  to  decide  on 
a  certain  arrangement  of  lamps  by  means  of  the  various  steps,  and 
then  to  check  over  these  values  in  order  to  insure  adequate  intensity 
of  light  and  uniform  illumination  on  the  working  surface. 

Type  of  Lamp — It  has  been  shown  that  the  type  of  lamp  is 
largely  dependent  on  the  surroundings,  circuits  available,  etc.,  and  it 
may  also  be  stated  that  the  limits  of  candle-power  of  the  different 
lamps  of  a  given  type  largely  determine  whether  this  particular  type 
can  be  used  under  given  conditions.  It  would  not,  for  example,  be 
considered  wise  to  use  an  arc  lamp  in  a  small  office,  and  in  like 
manner,  it  would  be  a  decided  disadvantage  to  use  small  tungsten 
lamps  in  high  factory  bays.  If  the  space  between  floor  and  ceiling 
is  crowded  with  belts,  a  lamp  must  be  used  which  will  be  relatively 


*For  additional  details  see  "The  Installation  of  Industrial  Lighting  Sys- 
tems" in  the  Journal  for  Tune.  1012,  p.  459. 
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unaffected  by  the  dusl  and  dirl  particles,  and  which  will  not  cast 
irp  shadows.  Thus,  for  low  ceilings,  the  mercury  vapor  lamp  is 
tnewhat  more  advantageous  than  those  lamps  which  may  be 
classed  as  point  sources  of  light. 

The  firs!  cost  and  operating  expense  is  naturally  an  item  to 
which  considerable  weight  is  given  in  choosing  between  one  type  of 
lamp  and  another;  but  the  value  of  the  resultant  illumination  with 
any  given  type  of  lamp  is  usually  of  much  greater  importance  than 
any  reasonable  difference  in  first  cost,  or  even  in  operating  expense. 

In  general,  therefore,  the  conditions  of  the  space  to  be  lighted, 
and  the  various  types  of  lamps  on  the  market,  should  be  studied, 
after  which,  by  a  process  of  elimination,  the  choice  will  usually  lie 
between  perhaps  two  or  three  given  types. 

Size  of  Lamp — Experiment  and  experience  largely  determine 
the  relation  between  mounting  height  and  candle-power.  Table  II 
has  been  prepared  to  show  in  a  general  way  the  sizes  of  lamps  which 


TABLE  II— RATIO  OF  MOUNTING  HEIGHT  TO  SIZE  OF  LAMP 

Mounting 

Height— Feet.             8  to  14 

14  to    16 
80  to  125 

16  to  20 

80   tO   200 

20   tO   24 

I  Lamp — 
Candle-power.          48  to  80 

200  tO  450 

are  used  for  a  variety  of  conditions,  with  particular  reference  to 
mounting  heights.  It  is  obvious  that  no  exact  ratio  can  exist  be- 
tween the  size  of  lamp  and  its  mounting  height,  but  in  general,  the 
higher  the  ceiling,  the  larger  should  be  the  lamp.  The  determination 
r  size  depends  not  only  on  the  foregoing  condition,  but 
also  on  the  class  of  work  to  be  lighted.  Thus,  a  location  in  which 
much  side  light  is  necessary  requires  smaller  lamp^  closer  together 
than  a  location  in  which  uniform  lighting  on  a  plane  is  sufficient. 

Spacing   Distance — Although    the   size  of   lamp   is   largely   de- 
termined by  the  mounting  height  and,   furthermore,  the  necessary 
number  of  lamps  is,  in  a  measure,  fixed  by  the  choice  of  the  size  of 
each  lamp,  it  is  nevertheless  a  fact  that  a  study  of  spacing  distance 
not  only  of  intere-t  but  of  profit  as  an  entirely  separate  item.     In 
general   the   spacing  distance   should   be   determined   independently 
of   the   other    factors,   after   which   the   size   of   the   lamp   and   the 
:ing  distance  may  be   so  correlated  as   to  produce  the  desired 
ult     Table  III  has  been  prepared  from  the  average  spacing  dis- 
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tances  which  arc  employed  in  a  large  number  of  typical  installa- 
tion-. As  may  be  seen  from  this  Table,  there  is  no  fixed  rule  gov- 
erning the  spacing  distance  for  different  ceiling  heights.  A  refer- 
ence to  Fig.  1  would  seem  to  indicate  that  there  is  such  a  rule ;  but 
it  is  believed  that  the  wisest  course  is  to  follow  those  spacing  dis- 
tances which  have  approved  themselves  after  considerable  experi- 
ment and  service,  rather  than  to  limit  such  a  table  to  arbitrary 
values  as  determined  by  a  diagram  like  that  of  Fig.  1. 

The  Mounting  Height  should  be  based  on  the  condition  of  the 
location,  especially  in  the  matter  of  ceiling  height,  and  is  often  gov* 
erned  by  the  presence  of  cranes  or  girders.  Its  determination 
should  be  based  on  the  securing  of  uniform  illumination,  provided, 
of  course,  glare  is  not  incurred  by  too  low  a  mounting.  Thus,  if  the 
spacing  distance  has  been  determined  as  well  as  the  reflector,  the 
mounting  height  is  fixed  by  the  ratio  of  spacing  distance  to  mount- 

TABLE    III— RATIO   OF   MOUNTING   HEIGHT   TO 
SPACING  DISTANCE 


M  ■  iuntmg 
Height—         8 
Feet. 

10            12            14 

16 

18 

20 

24 

Spacing 
Distance —      8 
Feet. 

8  to  10    8  to  12    8  to  14 

8  to  16 

10  to  16 

10  to  18 

10  to  20 

ing  height  for  securing  a  uniform  illumination  result.  On  the  other 
hand,  if  the  type  of  reflector  has  not  been  selected,  the  mounting 
height  may  be  chosen  in  order  to  reduce  glare  and  to  accommodate 
the  clearance  between  cranes  and  ceiling  or  other  conditions,  and 
the  reflector  finally  chosen  on  the  basis  of  the  ratio  of  the  given 
spacing  distance  to  mounting  height. 

DETERMINING  THE  INTENSITY   AND   UNIFORMITY 

Tn  the  foregoing  the  purpose  has  been  to  describe  in  a  general 
way  the  steps  leading  to  the  determination  of  the  type  and  size  of 
lamp  and  the  spacing  distance.  It  is  obvious  that  no  mathematical 
calculations  have  been  employed  thus  far,  but  that  values  based  on 
experience  have  been  utilized.  It  would  be  unfortunate,  however, 
to  limit  the  treatment  of  the  case  to  a  determination  of  the  fore- 
going items  without  suggesting  some  means  for  determining  the 
actual  intensity  and  uniformity  secured.  This  would  not  be  the 
case,  of  course,  were  it  possible  always  to  find  in  such  tables  a  ref- 
erence to  conditions  exactlv  similar  to  the  conditions  of  the  new 
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ice  to  be  lighted.  <  ►wing,  however,  to  the  great  diversity  of  con- 
ditions, it  is  highly  expedient  to  check  over  such  results  before  they 
are  approved. 

Jn  the  following  paragraphs  some  of  the  checking  methods 
empl  re  explained  : — 

iency — The  first  determination  which  musl  be  made  in  such 
hal  of  the  efficiency  of  the  system.  Thus,  the  ratio  of  the 
actual  light  received  by  the  work  to  the  total  light  generated  by  all 
the  lamps  in  the  system  is  defined,  arbitrarily,  as  the  efficiency  of 
the  lighting  system.  If.  for  example,  the  efficiency  of  the  lighting 
stem  in  a  typical  shop  is  assumed  as  twenty-five  percent  and  if, 
furthermore,  it  is  desired  to  secure  an  intensity  of  three-foot  can- 
dles on  the  work,  the  total  light  flux,  expressed  in  lumens,  over  the 
working  surf  ace  must  equal  the  product  of  the  foot-candle  intensity 
and  the  floor  space  expressed  in  square  feet,  and  this  product 
divided  by  the  twenty-five  percent  efficiency  expresses  the  total  light 

TABLE  IV— EFFICIENCY  VALUES  BASED  ON   AVERAGE  P]  R 
FORMANCE  OF  TUNGSTEN   LAMPS,  USING 
LASS    REFLECTORS 

iffice   27.1  percent 

Fairly   high    factory  office 27.4  percent 

Low  factory  27.0  percent 

Medium  high  factory   -pace 30.8  percent 

Fairly  high   factory  space 29.1  percent 

flux  which  the  entire  number  of  lamps  in  the  system  must  develop 
in  order  to  secure  the  given  intensity  on  the  work.* 

After  determining  the  type  and  size  of  lamp,  and  the  spacing, 
the  total  light  flux  generated  by  all  the  lamps  in  the  system  may 
be  multiplied  by  the  efficiency  and  the  total  light  flux  effective  on 
the  work  thus  determined.  This  result  may  then  be  divided  by 
the  floor  space  in  square  feet  and  the  resull  will  be  the  intensity  in 
ndles   which   may  be  ted    provided    the    efficiency    has 

been  properly  chosen. 

The  only  difficulty  in  using  this  method  is  to  determine  the 
efficiency  which  may  be  expected  for  the  given  conditions.  In 
Table  IV  a  number  of  efficiency  value-,  which  have  been  obtained 
under  actual  conditions  are  shown.  It  should  be  remembered  that 
these  values  change  with  every  condition  of  ceiling  and  wall  re- 
flection, and  also  with  the  accumulations  of  dust  or  dirt  on  reflectors 


*The  total  flux  in  lumens  from  any  type  of  lamp  can  be  obtained  from  the 
manufacturer's  data  sheets,  which  are  supplied  by  any  lamp  manufacturer  on 
application.     For  further  details  with  regard  to  this  method,  see  "Methods  of 

ulating  Illumination"  in  the  J  for  June,  1912,  p.  47.3. 
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and  glob'  It  lias  been  the  purpose,  therefore,  in  this  table  to 
represent  average  efficiency  values  throughout  the  service  of  given 
industrial  installations,  rather  than  the  initial  values  which  are 
found  when  the  system  is  new  and  clean. 

Point  Addition — This  term  refers  to  the  calculation  of  the 
quantity  of  light  on  the  working  surface  at  a  given  point  produced 
by  the  various  lamps  which  are  effective  in  lighting  this  point.  This 
may  be  done  by  using  the  distribution  curve  of  the  lamp  in  question. 
In  order  to  make  this  calculation  plain,  Fig.  3  is  shown.  Tn  this 
diagram  it  is  apparent  that  the  downward  intensity  at  any  given 
point  may  easily  be  calculated  provided  the  candle-power  of  the 
lamp  in  the  direction  of  the  point  is  known,  as  well  as  the  angle 
between  this  direction  and  the  vertical.  It  is  obvious  that  this  cal- 
culation, to  be  of  service,  must 
be  made  for  each  different  di- 
rection in  which  the  light  rays 
from  the  various  lamps  reach 
the  point  under  consideration. 
It  is,  therefore,  a  problem  of 
some  length  to  calculate  the 
illumination  at  a  given  point 
on  a  floor  space,  where  a  large 
number  of  lamps  fairly  close 
together  are  used. 

Point  Addition  Rule — A 
simple  and  practical  method 
was  developed  several  years 
ago  for  the  point  addition 
check  by  the  use  of  a  rule 
this  rule  are  indicated  the  calcu- 
lated values  of  the  downward  illumination  intensity  at  various  dis- 
tances from  a  point  directly  beneath  the  lamp.  If  the  divisions  on 
the  rule  are  drawn  to  the  same  scale  as  the  drawing  on  which  it 
is  to  be  used,  the  rule  may  be  used  to  indicate  at  a  glance  the  down- 
ward intensities  at  any  given  point  from  a  number  of  lamps  which 
contribute  light  to  the  point.  The  method  is  further  amplified  in 
the  practical  problem  which  is  treated  later.  Other  adaptations  of 
this  principle  have  been  made  so  as  to  make  the  rule  applicable  for 
all  mounting  heights  for  a  given  type  of  lamp  and  reflector. 

While  it  has  been  suggested  at  different  times  that  the  point 
addition  method  may  be  used  as  a  means  for  calculating  the  ar- 


FIG.    3 — DIAGRAM    OX    WHICH    THE   POINT 
ADDITION    I  MAY   BE   BASED 


as    shown    in    Fig.    4.     On 
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lent  of  lamps,  it  is  considered  better  to  use  this  means  for 
checking  the  arrangement  of  the  lamps  as  previously  selected 
rather  than  for  a  primary  calculation.  If  the  question  of  size  of 
lamp  and  spacing  is  left  to  what  may  be  called  a  hit  or  miss  scheme, 
it  is  quite  possible  that  the  resulting  arrangement  of  lamps  may  not 
lilt  in  satisfactory  illumination  results. 

PRACTICAL    PROBLEM 

Proposition — As  an  example  of  the  foregoing  items,  a  low  fac- 
spac<  ccted.  twelve  feet  in  height,  with  columns  and  gird- 

so  arranged  that  the  bays  have  dimensions  of  16  to  40  feet.  The 
clearance  between  crane  and  ceiling  is  12  inches;  the  ceiling  is  of 
>d  with  no  under  girders;  ceiling  and  surroundings  are  very 
dark  ;  there  are  no  walls  to  this  factory  space;  the  illumination  is  for 
lathe  and  assembly  work,  with  dark  surfaces;  no  volt,  25  cycle 
alternating-current  circuits  available. 

Required — An  arrangement  of  lamps  which  will   furnish  ade- 
quate illumination  on  a  working  surface  approximately  three  feet 
ove   the   floor   without  the  use   of   individual  lamps;  a   suitable 
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FIG.    4 — POINT   ADDITION    RULE   ADAPTED    FOR    IOO   WATT   TUNGSTEN    LAMPS 

control  arrangement  which  is  flexible  and  by  which  lamps  may  be 
turned  off  over  parts  of  the  floor  where  not  required;  and  the  total 
number  of  lamps   for  twenty  similar  bays. 

Type  and  Sice  of  Lamp — By  reference  to  Table  II  it  is  seen 
that,  for  a  12  foot  ceiling,  lamps  of  approximately  80  candle-power 
have  been  found  satisfactory.  The  surroundings  being  dark,  a 
unit  should  be  used  from  which  some  light  is  transmitted  to  the 
ceiling  on  account  of  the  added  cheerfulness  this  produces.  A  ref- 
erence to  Table  I  shows  that  for  no  volt,  25  cycle  circuits,  lamps 

the  tungsten  type  may  be  used,  and  this  fact,  together  with  the 
candle-power  best  adapted  to  the  ceiling  height  in  question,  makes 
the  ^election  of  a  tungsten  lamp  desirable.     It  is  in  fact  practically 

'•ntial  •  n  lamps  in  this  particular  case  on  account  of 

the  small  clearance  between  crane  and  ceiling.  Even  were  the 
crane  clearance  larger,  it  would  be  difficult,  with  lamps  of  higher 
candle-power  than  shown  in  this  table,  to  produce  satisfactory 
illumination  as  far  a-  uniformity  is  concerned  without  using  an 
excessive  number  of  lamps. 
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Spacing  Distance — A  diagram  of  one  of  the  bays  in  this  loca- 
tion, with  dimensions  16  by  40  feet,  may  now  be  made,  <>n  which 
the  lamps  are  to  be  located  tentatively  as  shown  in  Fig.  5.  A  refer- 
ence to  Table  III  shows  that  an  average  spacing  distance  for  a  12 
foot  ceiling  is  from  8  to  12  feet,  and  8  feet  will  be  chosen  as  the 
spacing  distance  in  a  direction  parallel  to  the  length  of  the  aisle, 
while  a  spacing  distance  of  10  feet  in  a  direction  at  right  angles  to 
the  length  of  the  aisle  makes  the  arrangement  of  lamps  symmetrical 
with  respect  to  the  width.  These  spacing  distances  are  chosen, 
moreover,  because  they  conform  to  the  average  shown  in  Table  III. 
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FIG.  5 — PLAN  AND  F.LF.VATION  OF  ONE  BAY  OF  THE  GIVEN  LOCATION 

Mounting  Height — In  this  case  the  mounting  height  is  de- 
termined by  the  clearance  between  crane  and  ceiling.  On  account 
of  the  low  ceiling  it  is  advisable  to  mount  the  lamps  as  high  as  pos- 
sible to  avoid  glare.  Due  to  the  limitations,  therefore,  a  mounting 
height  of  11  feet   6  inches  is  chosen. 

Checking  the  Result — It  now  remains  to  check  the  intensity  and 
uniformity  which  will  result  from  the  foregoing.  With  the  spacing 
distance  of  8  by  10  feet,  one  100  watt  tungsten  lamp  illuminates  a 
floor  space  of  80  feet.  A  reference  to  Table  IV  shows,  that 
under  the  conditions  as  explained  for  this  factory  space,  an  effi- 
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percent  is  apt  to  result.    A  too  watt  tungsten  lamp 

furnis        5        lumens  of  light  and  with  the  assumed  efficiency  of 

thirty  percent  the  total  number  of  lumens  produced  on  the  80  square 

t   illuminated  b)    one   lamp   will   be  approximately   250,   which, 

divided  by  the  80  square  feet,  results  in  an  equivalent  of  three  foot- 

ndles.     A  reference  to  Table  V  shows  that  this  intensity   should 

adequate    for   this  class  of   work   based  on   other   practical    in- 

stal".. 

Point  Addition — The  diagram  shown  in  Fig.  6,  which  contains 

the  twenty  bays  drawn  up  to  a  scale  of  one  half  inch  to  a 

t.  permits  of  the  usi  int  addition  check.     The  rule  is  placed 

the  drawing  as  shown  and  turned  about  the  point  ./  so  as  to  de- 

y  inspection  the  intensity  at  this  point  produced  by  all  the 

lamps  of  the  system  which  contribute  to  the  point.     Subsequently 

the  rule  i-  placed  at  point   B  and  the  total  intensity  at  this  point 

termined  in  like  manner.     The  illumination  at  a  series  of  points  as 

shown,  namely.  ./.  B,  C,  P,  /..  F,  G  and  //.  produced  by  the  various 

TABU-.  V— EXAMPLES  OF  AVERAGE   INTENSITY  VALUES 
T.ASED  ON  SUCCESSFUL  LIGHTING  SYSTEMS 

Factory  work    I  rough) 3.0  foot  candles 

tory  work    (cl  4.0  foot  candles 

chine    work    1  4.0  foot  candles 

Storage   1.0  foot  candles 


lamps  which  contribute  light  to  each  one  of  the  points,  shows  that 
the  average  resulting  illumination  will  be  in  the  neighborhood  of 
three  foot-candle-.  The  addition  of  the  light  at  these  various  points 
also  shows  that  the  intensity  at  each  of  the  points  should  provide 
a  fairly  uniform  illumination  so  that  the  latter  check  covers  not 
only  the  int'  of  light  at  the  various  points,  but  also  shows 

the  uniformity. 

umber  of  Lamps  and  Switch  Control — On  the  basis  of  the 

a  total  of   i^V)  one  hundred  watt  tungsten 

Ian  ill  be  required  for  the  twenty  bays.     A   flexible  method  of 

ntrol  is  shown  in  Fig.  6  ■  the  lamps  controlled  from 

itch  are  surrounded  by  dotted  lines. 

The  Actual  Result — It  is  of  i  '   to  note  that  with  the  u  e 

att  tungsten  lamps  mounted   ti    feet    6  inches  above  the 

floor,  with  a  spacing  of  8  by   ro  feet,  as  determined  by  the  fore- 

ng  calculations,  the   intensity,  a  rded   from  measurements, 

n  the  average,  two  and  one-half   foot-candles,  and   the   effi- 


r  to  publi«l  mp  manufactur- 
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ciency  about  24  percent.  The  conditions  thus  found  in  this  case 
are  somewhat  lower  than  those  which  might  have  been  expected 
from  the  calculations,  but  this  fact  is  largely  accounted  for  by  the 
very  dark  surorundings,  and  thus  show  most  forcibly  the  precau- 
tions which  should  always  be  taken  to  allow  for  surrounding 
conditions. 

PRACTICAL   CONSIDERATIONS 

From  the  foregoing  notes  it  might  be  inferred  that  the  calcu- 
lation for  lighting  systems  is  not  only  cumbersome  and  compl 
but  largely  devoid  of  system.  It  should  be  stated,  however,  that 
the  fundamental  idea  has  been  to  show  the  practical  reasoning 
which  should  be  followed  in  cases  of  this  kind.  It  is  not  the  inten- 
tion to  formulate  a  set  of  rules,  but  rather  to  describe  in  as  brief  a 
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FIG.  6 — DIAGRAM    SHOWING  HOW  POINT  ADDITION   RULE    MA\    BE   APPLIED 

TO  A   WORKING  DRAWING 

manner  as  possible  the  methods  which  are  being  employed  in  every- 
day calculations  of  practical  lighting  systems. 

In  many  cases  where  the  refinements  here  described  cannot 
conveniently  be  considered  there  are,  in  general,  a  limited  number 
of  groups  of  reflectors  that  may  be  used,  for  tungsten  lamps  for 
example,  and  the  determination  of  the  group  best  adapted  to  given 
conditions  is  fairly  simple.  The  resultant  illumination  by  the 
selection  of  a  certain  type  of  reflector,  therefore,  if  the  simple  data 
givn  by  the  reflector  companies  are  followed,  will  produce  a  fairly 
satisfactory  result,  even  without  any  great  amount  of  calculation, 
although  where  extensive  work  is  to  be  performed  it  is  highly  de- 
sirable to  do  away  as  much  as  possible  with  rules  and  formulae  as 
generalities,  and  to  use  them  rather  in  conjunction  with  the 
methods  herein  set  forth,  these  various  items  being  used  as  guides 
to  the  intelligent  application  of  such  scientific  information. 


SAFEGUARDING  FACTORY  TOOLS 
AND  EQUIPMENT 

D.  C  PULTNEY 

THE  preservation  of  life  and  limb  of  the  workmen  employed 
in  factories  and  workshops  is  one  of  (he  most  vital  issues 
in  cur  industrial  operations.  Until  very  recently,  the  safe- 
guarding of  machines  and  other  equipment  in  manufacturing  es- 
tablishments was  largely  ignored,  the  result  being  unnecessary  loss 
life  and  limb  among  employes.  It  is  pleasing  to  note,  however, 
that  without  waiting  for  the  passing  of  laws  by  legislatures,  many 
the  more  progressive  employers  of  labor  are  spending  large  sums 
money  in  the  devising  and  applying  of  safeguards  and  other 
means  of  accident  prevention.  The  fact  remains,  nevertheless, 
that  the  proper  place  to  apply  safeguards  for  tools  is  at  the  work- 
shop of  the  tool  builder,  and  the  time  will  soon  come  when  the  tool 
maker  who  does  not  offer  completely  guarded  tools  will  be  obliged 
to  fall  in  line  or  get  out  of  the  business. 

In  the  developing  of  safeguards,  the  safety  appliance  engineer 
has  to  be  guided  very  much  by  the  condition  of  the  machine  to  be 
safeguarded,  for,  in  a  great  number  of  cases,  the  guards  have  to  be 
built  to  suit  the  tool  requirements.  Another  consideration  is  the 
question  t,  which  always  comes  up  when  the  matter  of  safe- 

guarding is  concerned.  It  must  be  borne  in  mind  that  all  accidents 
cannot  be  considered  as  preventable,  and  that  some  which  may  be 
avoided  do  not  come  within  the  province  of  the  safety  appliance 
engineer,  but  are  directly  under  the  control  of  the  workmen  them- 
selves There  is  no  doubt,  however,  but  that  by  the  cultivation  of 
greater  care  and  mechanical  precautions,  the  sacrifice  of  life  and 
limb  can  be  greatly  reduced.  It  is  also  a  fact  that  the  average  work- 
man, when  he  knows  that  danger  has  been  practically  eliminated, 
becomes  careh  ss  and  takes  chances  he  never  would  dream  of  under 
old  conditions  and  consequently  often  meets  with  injury  that  he 
could  have  avoided.  There  is  in  all  manufacturing  a  certain  ele- 
ment of  danger  that  cannot  be  provided  for  by  any  safety  device 
and  from  which  the  workman  has  to  guard  himself. 

Gears  may  be  50  located  that  there  does  not  appear  to  be  any 
possibility  of  danger,  but  something  may  happen  that  brings  about 
an  unusual  condition,  and  a  man  may  get  caught  at  a  point  which 
was  considered  safe.  It  is  necessary  not  only  to  cover  up  all  gears 
at  the  mc-h  points,  but  those  having  arms  should  be  covered. 

The  installation  of  electrical  apparatus  has  not  been  given  the 
e  attention  as  some  other  classes  of  machines,  and  some 
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FIG.    I — DEVICE   FOR    HANDLING    PUNCHINGS 


FIGS.  -'  AND  3 — ILLUSTRATING  DEVICE   IN   USE 


FIG.   4— RESULT  OF   AN   ACCIDENT 

The  hand  of  the  operator  not  involved. 
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sy  has  arisen  as  to  what  should  be  the  unit  of  voltage  thai 
might  I   upon   as   safe.      Such    apparatus    should  all   be 

I  alike,  whether  it  operates  at   110  or  noooo  volts.     Cases 

where  men  have  been  killed  on  cio  volts  arc  on  record.    But,  what 

e  important,  a  man  may  come  in  contact  with  a  circuit  which 

sufficient  in  itself  to  inflict  injury  but  which  may  cause  him  to 

make  .  len  movement  which  brings  him  in  contact  with  danger 

ther  .-<>ur,        There  should  he  no  dividing  line  between 

fe"  and  "unsafe"-    make  it  all  safe. 
The  numerous  other   details   that   might  he   taken   up   if 

ice  permitted,  sudh  as  crane-,  line  shafting,  belts,  ladders,  etc 
But  as  the  matter  of  safeguarding  receives  the  general  attention 
which  it  deserves,  obvious  preventive  measures  present  thcmselvc- 
to  the  mind  of  the  shop  manager  and  the  workmen,  as  well. 

The  attitude  of  the  workmen  in  relation  lo  safeguarding  is  an 
important  matter.  The  great  hulk  of  the  men  look  upon  such  meas- 
ures with    favor  and   appreciate  the   fact  that  something  is  being 

,e  to  protect  them;  but  there  are  others  who  have  another  point 
of  view,  thinking  that  they  arc  going  to  be  harmed  financially  or 
curtailed  in  their  ability  t<>  produce;  ami  it  may  be  remarked  that 

h  complaint-  do  not  come  from  the  unintelligent  foreigners  but 
generally  from  some  suspicious  American-born  workman.     How- 

r,  this  feeling  will  eventually  disappear. 
The  in-tallation  of  safeguarding  appliances  and  safety  devices 
is  being  carried  on  very  extensively  ami  with  most  satisfactory  re- 
ts in  the  various  works  of  the  Westinghouse  Electric  &  y\^- 

mpany  at  East  Pittsburgh,  as  exemplified  in  the  accompanying 
illustrations  Punch  presses  probably  rank  ;i  -  high  as  any  other 
class  of  machinery  in  frequency  of  accident,  the  injury  being  in 
many  cases  severe.     Automatic  dies,  hoppers,  push  slide  feeds,  au- 

latic  bar  guards,  etc.,  have  done  much  to  lessen  the  dangers  from 
this  c;  There  is  in  use  in  the  punch  shops  of  this  compam  . 

pie  device  gotten  up  by  one  of  the  inspector-,  which  can  be  ap 
plied  and  led  at  very  Httl<  .   the  source  of   power  for    a 

up  of  punch  presses  being  obtained  from  a  vacuum  pump  con- 
nected to  a  pipe  line.     The  extreme  simplicity  of  the  device  and  it- 
operation  are  illustrated  in  Figs.   i.  2  and  3.     It  does  away  entirely 
with  any  necessity  for  the  operator  getting  dangerously  near  the  dies. 
Top  and  bottom  views  of  this  device  are  shown  in  Fig.   1.     A 

a  rubber  h  nnecting  with  the  vacuum  pipe  line ;  B  is  the  ham 

die  a  thumb  valve  controlling  the  power;  D  is  a  leather  cup  or 

sucker  which  adheres  to  the  metal  when  the  air  is  exhausted ;  E  is 
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a  steel  picker  to  lift  the  scrap  out  from  under  die  after  the  opera- 
tion; F  is  the  air  exhaust  hole  connecting  with  tube  H.  This  tube  H 
can  he  made  any  length  to  suit  the  requirements  of  the  application. 


FIGS.   5  AND  6 — RUNNING  GEAR  OF  LATHE   EXPOSED   AND   COVERED 

In  Fig.  2  the  sheet  steel  disc  A  is  shown  adhering  to  the  device  while 
being  conveyed  to  the  machine.  The  thumb  of  the  operator  is  on 
the  valve,  which  opens  the  connection  with  the  pipe  line  B.  In  Fig. 
3,  the  die  has  done  its  work  and  the  operator  is  picking  the  scrap 
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FIGS.   /    AND  8 — RUNNING   GEAR  OF   MOTOK-DRIVEN   WINDING    MACHINE 

EXPOSED  AND   COVERED 


PH  !J   10 — GEARING   0  E   PROTECTED  BY  A    SIMPLE   WIRE  CAGE, 

AND    MADE   ACCESSIBLE    BY    SWINGING    DOOR 

out  of  the  punch,  the  thumb  being  removed  from  the  valve.  The 
effect  on  one  of  the  devices  which  was  accidentally  caught  under  a 
die  and  crushed  is  illustrated  in  Fig.  4.     The  punch  operator  missed 
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his  usual  rythmical  motion  with  the  result  shown.  He  procured  an- 
other device  and  went  ahead  with  his  work,  neither  the  operator  nor 
die  being  injured.  Under  the  old  conditions,  this  might  have  re- 
sulted in  the  loss  of  a  man's  hand.  It  is  an  interesting  and  signifi- 
cant fact  that  the  use  of  this  safeguard  has  also  resulted  in  an  in- 
crease in  production — in  many  cases  as  much  as  20  percent — as 
the  operator  soon  gets  to  be  very  expert  in  handling  the  device 

so  that  he  can  feed  and 
clear  his  press  much 
quicker  than  by  hand. 
He  also  knows  he  is 
safe,  and  this  is  an  in- 
centive to  quick  work. 

A  large  lathe  with 
exposed  gears,  which 
stood  in  dangerous 
proximity  to  a  pass- 
age way  where  hun- 
dreds of  people  pass 
to  and  fro  every  day, 
is  shown  in  Fig.  5.  The 
same  machine  is  shown 
in  Fig.  6  after  receiving 
attention  at  the  hands 
of  the  safety  appliance 
engineer  and  being 
dressed  in  "an  up-to- 
date  suit  of  sheet  steel 
clothing."  It  will  be 
observed  that  the  door 
on  the  large  gear  case  at 
the  end  of  the  lathe 
opens  up  in  three  sec- 
tions, allowing  free  ac- 
cess to  change  the  gears, 
thus  doing  away  with 
the  necessity  of  removing  the  gear  case.  The  bottom  of  the  case  is 
constructed  to  form  an  oil  drip  pan.  One  of  the  small  doors  fitted 
with  spring  hinges  to  admit  oiling  of  the  gears,  is  shown  at  A. 

A  type  of  special  winding  machine  is  shown  in  Fig.  7  as  it 
stood  in  the  machine  department  after  being  tested  and  before  being 
dismantled  and  transferred  for  final  erection.    The  same  machine  is 
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FIG.  II — BARRIER  AND  FENCE  ERECTED  AS  GUARD 
AGAINST  ACCIDENT  IN  CASE  OF  BREAKING  OF 
HEAVY    BELT 
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•wn  in  Fig.  8  after  being  erected  and  put  in  operation,  indicating 
the  completeness  of  the  safeguarding.  Note  the  number  of  spring 
hinj  to  permit  oiling  at  every  point. 

An  example  of  a  different  type  of  safeguard  with  door  open  to 

permit  changing  of  gears  and  oiling  is  shown  in  Figs.  9  and  10.    The 

>r  is  kept  closed  when  the  machine  is  running. 

Many  types  of  guard-  have  been  erected  in  front  of  belt  pulleys 

where  belts  are  traveling  at  high  speed,  to  prevent  accident  in  case 

the  belt  should  break.   (  >ne  arrangement  is  represented  in  Fig.  II.   It 

consists  of  a  heavy  angle  iron 
frame  well  stayed  and  set  in  ce- 
ment, and  to  insure  further  safe- 
ty, an  iron  pipe  fence  is  erected 
a  considerable  distance  back. 

A  type  of  eye  shield  fitted 
to  emery  wheels  is  illustrated  in 
Fig.    12.       The    construction    is 
such   that,   in  case  of  breakage, 
a  new  glass  can  easily  be  placed 
in    the    slotted     frame    by    the 
workman.      A    small    stock    of 
glass  plates  cut  to  size  is  kept  at 
the   machines    for   this   purpose. 
Some  time  ago  an  endeavor  was 
made  to  introduce  the  wearing  of 
special  glasses  by  the  men  using 
emery    wheels,    but    with    scant 
success,  as  the  majority  tried  in  every  way  to  evade  using  them. 
me  men  wear  them,  but  they  are  few  compared  to  the  total  num- 
ber affected.     A  device  such  as  that  shown  circumvents  this  trouble 
and   provides   the   desired   protection.      The    foregoing   illustrations 
from  one  particular  type  of  manufacturing  plant,  wdiile  giving  only 
a  general  idea  of  what  is  being  done    in    safeguarding  employes 
against  accidents  and  injuries  may  be  taken  as  typical  of  what  is 
being  done  in  many  industries  by  the  more  progressive  manufactur- 
The  increased   assurance   of   workmen   operating    apparatus 
which  they  know  to  be  well  safeguarded  has  a  favorable  effect  on 
their  efficiency  of  production,  which  of  itself  may  go  a  long  way 
eimbur=ing  the  manufacturer  for  the  added  expense  inci- 
dent to  the  installation  of  safety  devices. 


TIG.     12 — GLASS    EYE    SHIELfJ    WITH    AD- 
[7STABLE      METAL     FKAM1       1  >  'R     USE 
WITH    EMERY   Will.; 


IMPROVING  POWER-FACTOR  OF  AN 
INDUSTRIAL  LOAD 

E.  R.  SPENCER 

AX  interesting  example  of  power-factor  correction  is  to  be 
found  at  the  pipe  and  tube  plant  of  the  Spang-Chalfant 
Company,  at  Etna,  a  suburb  of  Pittsburgh,  Pennsylvania. 
There  are  two  distinct  mills,  one  about  4  500  feet  and  the  other 
about  800  feet  from  the  power  house.  The  product  of  these  mills 
is  lap  and  butt  welded  pipe  and  tubing.  This  plant  is  especially 
interesting  to  electrical  and  steel  mill  engineers  because  of  the  fact 
that  all  rolling,  welding  and  auxiliary  machinery  is  equipped  with 
motor  drive.  The  load  on  individual  motors  throughout  the  mills 
is  necessarily  more  or  less  intermittent,  as  in  most  cases  the  motors 
run  on  partial  loads  for  relatively  long  periods.*  For  the  greater 
part,  220  volt  induction  motors  are  used.  The  power-factor  of 
the  load  at  either  plant  would  average  less  than  50  percent  were 
it  not  that  provision  is  made  for  obviating  low  power-factor  con- 
ditions by  the  use  of  synchronous  motor-generators  operated  to 
give  power-factor  correction. 

It  may  be  mentioned  incidentally,  that  the  operating  conditions 
in  this  plant  have  been  materially  improved  by  giving  considerable 
attention  to  the  question  of  suiting  the  capacity  of  motors  as  in- 
stalled to  the  actual  load  requirements  throughout  the  plant.  Of 
course  there  is  a  limit  to  the  improvement  in  power-factor  which 
may  be  secured  in  this  way  as  each  motor  must  have  sufficient  ca- 
pacity to  deliver  the  torque  required  to  handle  the  peak  loads  with- 
out failure,  as  such  peak  loads  ordinarily  occur  at  critical  stages 
in  the  cycle  of  operations.  By  thus  carefully  investigating  the  re- 
lation between  load  requirements  and  motor  capacities,  the  opera- 
ting efficiency  of  industrial  power  systems  may  often  be  materially 
increased  without  considering  power-factor  correction  by  synchro- 
nous motors. 

The  results  that  have  been  effected  in  the  direction  of  in- 
creased power-factor  are  of  particular  interest  because  the  syn- 
chronous motor-generator  sets  are  used  to  generate  direct-current 
power  at  220  volts,  and  this  power  is  used  for  supplying  a  portion 


*Graphic  meter  records  showing  the  characteristics  of  these  various  loads 
are  given  in  an  article  on  "Power  Requirements  of  a  Steel  Tube  Mill"  in  the 
Journal  for  Dec,  191 1,  p.  1051. 
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the  motor  load,  notably  in  cases  where  direct-current  motors 
appear  to  pa  haracteristics  which  suit  them  more  particularly 

the  requirements  of  the  service.     Thus,  with  a  double  current 

iree  of  power  supply  the  system  is  operated  at  probahly  much 
higher  economy  than  would  otherwise  be  possible.  The  details  of 
this  double  current  system  are  being  developed  gradually. 

Before  the  installation  of  the  motor-generator  sets  the  condi- 
tions were  as  follows: — The  actual  average  power-factor  of  the 
upper  mill  was  approximately  48  percent.  In  the  lower  mill,  the 
power-factor  was  somewhat  higher,  about  54  percent,  due  to  the 
effect  of  a  200  horse-power  induction  motor-generator  set,  uni- 
f<  >rmlv  loaded  up  to  its  full  capacity  and  accordingly  operating 
at  a  high  power-factor.     Under  these  conditions  the  power  house 

erators  carried  a  load  having  about  52  percent  average  power- 
factor.  This  led  to  the  installation  of  a  synchronous  motor-gen- 
erator set  in  the  sub-station  at  this  lower  mill,  and  although  the 
direct-current  load  is  not  large,  the  synchronous  motor  is  of  suffi- 
cient capacity  so  that  it  may  be  operated  at  a  power-factor  which 
will  give  a  resultant  load  power-factor  closely  approaching  unity ; 
a  condition  favorable  alike  to  the  generators  and  the  2400  volt 
transmission  line  supplying  power  to  the  sub-station. 

Power  is  supplied  directly  at  220  volts  to  the  upper  mill,  as 
it  is  only  800  feet  from  the  power  house.  This  load  at  48  percent 
p<.wer-f actor  combined  with  the  load  of  the  lower  mill  at  unity 
power-factor  resulted  in  a  power-factor  at  the  generators  varying 
from  70  to  80  percent,  depending  on  the  actual  load  conditions. 
It  was  found  upon  further  investigating  the  problem  that  it  would 
be  possible  by  replacing  a  direct-current,  engine-driven  generator 
by  a  synchronous  motor-generator  set,  not  only  to  supply  the  di- 
rect-current power  required  at  the  upper  mill,  but  to  confine  the 
prime  movers  in  the  power  house  to  the  four  alternating-current 
units  installed  and.  through  power-factor  correction  by  over-exci- 
tation of  the  synchronous  motor,  so  to  improve  the  load  conditions 
that  the  available  kilowatt  capacity  of  the  generators  would  be 
materially  increased.  At  the  time,  this  motor-generator  set  could 
not  conveniently  be  located  at  the  mill  and  it  was,  therefore,  placed 
in  the  power  house.  This  set  consists  of  a  1  000  k.v.a.,  three- 
phase,  30  cycle,  220  volt,  600  r.p.m.  synchronous  motor  direct- 
connected  to  a  400  kw,  220  volt,  direct-current,  compound-wound 
generator.  A  motor  capacity  was  selected  which  would  allow  of 
the  use  of  a  considerable  portion  of  its  total  k.v.a.  for  purely  cor- 
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recti ve  effect  by  increased  field  excitation.  Thus,  the  power- 
factor  of  the  total  load  on  the  generators  was  raised  to  between 
97  and  ioo  percent. 

As  a  result  of  the  improved  conditions  of  loading  on  the  sys- 
tem, which  renders  the  total  k.v.a.  capacity  of  the  generators  avail- 
able for  supplying  useful  power,  it  is  ordinarily  possible  to  hold 
at  least  one  spare  unit  for  use  in  emergency  or  at  periods  of  peak 
load  as  they  may  occur.  This  means  then  that  the  number  of 
operating  prime  movers  in  this  power  house  is  reduced  from  five 
to  three,  and  sometimes  to  two  units.  Ultimately,  the  motor-gen- 
erator  set  now   in  the   power  house   will   be   installed   in   a  more 


KIG.  I  —  SYNCHRONOUS  MOTOR-GENERATOR  SET  EMPLOYED  FOR  SIMULTANE- 
OUSLY SUPPLYING  DIRECT-CURRENT  POWER  AND  CORRECTING  FOR  LOW 
POWER-FACTOR 

Installed  in  mills  of  the  Spang-Chalfant  Company,  Pittsburgh 

central  location  in  the  upper  mill  so  that  it  will  not  only  be  at  the 
delivery  end  of  the  direct-current  feeders  for  this  plant  but  will 
also  provide  maximum  power-factor  correction  for  the  transmis- 
sion line  as  well  as  the  generating  equipment. 

Under  existing  conditions  the  synchronous  motor  of  this  set 
is  usually  operated  at  a  leading  power-factor  near  20  percent.  At 
present  the  actual  direct-current  load  on  the  generator  is  small, 
which,  with  practically  full  k.v.a.  input  to  the  motor,  accounts  for 
the  low  leading  power-factor.  When  the  set  is  moved  to  its  ulti- 
mate location  out  in  the  mill,  the  increased  power-factor  of  the 
load  that  the  transmission  line  will  be  called  upon  to  carry  will 
render  a  large  amount  of  cable,  now  required  in  the  transmission 
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the  extra  current  due  to  the  poor  power-factor  in  the  mill,  avail- 
able for  carrying  other  useful  load,  and  thus  a  Further  economy 
will  be  effected,  which  will  be  especially  important  when  there  has 

:i  a  material  increase  in  the  load  requirements  of  this  mill. 

A   \  iew   of  the  motor-generator  set   from   the  exciter  end   is 

shown  in   Fig.    t.     The  exciter  is  direct-connected  and  overhung 

on    the    shaft    beyond   the   generator   outboard    bearing.     A    view 

from  the  synchronous  motor  end  is  known  in  Fig.  -'.     It  is  inter- 


W   fKov  .      ,         MOTOR-GENERATOR 

Spang-*  'half ant  mill';. 

\  I  note  the  use  of  an  air-directing  end  hell  on  the  direct- 
current  generator.  It  has  been  found  that  where  two  electrical 
machines  are  mounted  on  the  same  shaft,  as  in  a  motor-generator 
t,  there  i-  a  tendency  for  the  air  to  "pocket"  in  the  space  be- 
tween the  machines  and  to  whirl  around  with  the  rotors  rather 
than  discharge  through  the  frame-  and  cool  the  machines.  A  ven- 
tilating end  bell  like  that  shown  in  Fig.  2  serve-  to  dired  the  ven- 
tilating air  through  the  generator  and  corrects  the  tendency  toward 
air  pocketing. 


DETERMINATION  OF   POLARITY  OF  TRANS- 
FORMERS FOR   PARALLEL  OPERATION* 

W.  M.  McCONAHEY 

W1IKX  two  or  more  transformers  are  to  be  operated  in  par- 
allel or  in  hanks  on  a  polyphase  circuit,  it  is  necessary 
to  know  their  polarity  in  order  to  connect  them  properly. 
Polarity  is  a  term  used  to  express  the  phase  relation  between  the 
primary  and  secondary  voltages  of  a  transformer,  as  measured  at 
the  outlet  terminals.  If  all  of  the  transformers  are  alike,  they 
may  have  the  same  polarity,  hut  if  some  of  them  are  of  different 
design  or  were  made  by  different  manufacturers,  their  polarity  may 
he  different. 

The  polarity  of  a  single-phase  transformer  is  very  easily  de- 
termined. In  Fig.  I,  let  A  and  B  be  the  high-tension  terminals 
and  C  and  D  the  low-tension  terminals.  Connect  B  and  C  together 
and  impress  some  convenient  voltage  across  either  A-B  or  C-D. 
Then  measure  voltages  A-B,  C-D  and  A-D.  Now,  since  the  trans- 
former is  single-phase,  the  voltages  considered  in  the  directions 
from  A  to  B  and  D  to  C  must  either  he  in  phase  or  in  opposition, 
that  is,  180  degrees  out  of  phase.  If  the  voltage  across  A-D  is 
the  sum  of  those  across  A-B  and  C-D,  the  phase  relation  is  shown 
in  the  diagram.  Fig.  2,  and  the  polarity  may  be  called  positive.  If 
the  voltage  across  A-D  is  the  difference  between  A-B  and  C-D,  the 
phase  relation  is  shown  in  the  diagram,  Fig.  3,  and  the  polarity  is 
negative. 

If  two  single-phase  transformers,  both  having  positive  polarity 
or  both  having  negative  polarity,  are  to  he  operated  in  parallel, 
they  should  be  connected  together  in  the  manner  shown  in  Fig.  4. 
But  if  one  has  positive  polarity  and  the  other  negative,  then  they 
should  be  connected  together  as  shown  in  Fig.  5.  This  will  he 
understood  by  reference  to  Figs.  2  and  3.  Counting  the  voltages 
from  left  to  right  as  being  in  the  positive  direction,  a  to  h  and  c  to  d 
(the  voltages  corresponding  to  the  windings  indicated  in  Fig.  2) 
are  in  the  positive  direction  for  positive  polarity,  while  for  nega- 
tive polarity  (Fig.  3)  a  to  b  is  positive  and  c  to  d  negative.  If, 
however,  the  connections  of  c  and  d  are  reversed,  d  to  c  is  in  the 


*Revised  by  the  author  from  part  of  a  paper  presented  at  the  Seattle 
Convention  of  the  National  Electric  Light  Association,  June.  imij. 
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iitive  direction.  If,  therefore,  a  single-phase  trans  former  of 
negative  polarity  is  to  be  connected  in  parallel  with  one  of  positive 
polarity,  it  is  necessary  to  reverse  the  connections  of  either  the 
high-tension  winding  or  the  low-tension  winding  of  one  of  the  two 
transformers  as  shown  in  Fig.  5. 

Single-phase  transformers  connected  in  banks  on  three-phase 
circuits   are   simpler   to   deal    with    than   three-phase   transformers. 

Three-phase  polarity  tests  are 
much  more  complicated  than 
single-phase,  because  there 
are  a  large  number  of  pos- 
sible combinations,  some  of 
which  can  be  made  to  operate 
together  while  others  cannot. 
A  standard  star-delta  con- 
nection with  six  single-phase 
transformers  in  two  parallel 
banks  is  shown  in  Fig.  6,  the 
polarity  of  No.  6  being  the 
reverse  of  that  of  the  other 
five.  If  the  polarity  of  all 
six  transformers  were  the 
same,  No.  6  would  be  con- 
nected in  a  manner  similar  to  No.  3  instead  of  having  the  connec- 
tions of  one  winding  reversed.  If  the  polarity  of  all  the  transform- 
ers is  the  same,  all  banks  should  be  connected  to  the  line  in  an  exact- 
ly -imilar  manner.  It  is  possible  to  connect  one  bank  differently  from 
the  others  and  still  secure  parallel  operation,  but  this  is  not  advis- 
able, because  it  is  liable  to  lead  to  confusion  and 
trouble.  It  is  best  to  adopt  one  scheme  of  con- 
nection and  adhere  to  it. 

In  a  three-phase  transformer  the  measure- 
ments necessary  to  determine  the  polarity  are 
made  in  a  manner  similar  to  those  for  single- 
phase.  In  Fig.  7,  let  A,  B  and  C  be  the  high-tension  termi- 
nals and  D,  E  and  F  the  low-tension  terminals  of  a  three-phase 
transformer.  Connect  C  and  D  together  and  impress  any  conve- 
nient three-phase  voltage  across  either  the  high-tension  or  low-ten- 
m  terminals.  Then  measure  voltages  A-B,  A-C,  B-C,  D-E,  E-F , 
D-F,  A-E,  A-F,  B-E,  B-F.  The  first  three  of  these  voltages  will 
of  course  all  be  equal  and  the  fourth,  fifth  and  sixth  will  be  equal, 
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the  ratio  of  these  two  different  sets  of  voltages  being  the  ratio  of 
transformation.  The  seventh,  eighth,  ninth  and  tenth  voltages, 
that  is,  A-E}  A-F,  B-E  and  B-F,  are  the  ones  that  determine  the 
polarity.  Now  lay  out  a  voltage  phase  diagram,  remembering  that 
since  three-phase  transformers  are  involved  the  phase  position  of 
the  voltages  as  well  as  their  values  must  be  carefully  noted.  As 
three-phase  transformers  are  ordinarily  designed,  they  may  be  con- 
nected in  delta  on  both  the  high-tension  and  low-tension  sides,  or 
delta  high-tension  and  star  low-tension,  or  star  high-tension  and 
delta  low-tension,  or.  star  high-tension  and  star  low-tension,  al- 
though the  last  one  of  these  connections  is  very  little  used.     The 
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FIGS.  8,  9,  10,  II  AND  12 — DIAGRAMS  AND  TABLE  GIVING  MEANS  OF  DISTINGUISH- 
ING BY  VOLTAGE  MEASUREMENTS  BETWEEN  THE  TWELVE  POSSIBLE  POLARITY 
COMBINATIONS 

With  three-phase  transformers  delta-connected   on   both  high   and  low- 
tension  sides. 

voltage  phase  diagram  is  different  for  each  of  these  methods  of 
connection,  so  that  they  will  be  considered  separately. 

DELTA-DELTA  TRANSFORMERS 

Considering  a  transformer  connected  delta  high-tension  and 
delta  low-tension,  let  a,  b,  c,  Fig.  8,  be  the  voltage  phase  diagram 
of  the  high-tension  side.  Then  any  one  of  the  six  equilateral  tri- 
angles of  either  Fig.  g  or  Fig.  io  may  represent  the  voltage  phase 
diagram  of  the  low-tension ;  that  is,  there  are  twelve  different  po- 
larity combinations  possible.  Now  referring  to  Fig.  II,  which 
shows  the  high-tension  voltages  in  their  phase  relation  to  the  low- 


THE  ELECTRIC  JOURNAL 


n  combinations  when  C  and  /'  (  Fig.  7)  are  connected  to- 
ther,  a  study  of  these  diagrams  will  reveal  the  fad  thai  certain 
voltage  relations  hold  good  for  one  particular  combination  that  will 
not  hold  good  for  any  of  the  other  eleven.  The  table  accompany- 
ing Figs.  8  to  1 J  gives  a  list  of  voltage  relations  for  each  combina- 
tion of  high  and  low-tension  connections. 

With  this  taible  and  the  necessary  voltage  measurements  the 
larity  diagram  of  any  three-phase  transformers  connected  delta 
to  delta  can  be  laid  out  in  a  few  minutes.    The  following  example 
will  illustrate  the  application  of  the  table. 

Suppose  the  measurements  are  taken  and  compared  with  the 
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[3,    14.    15,    [<  I" — TWELVE    POSSIBLE    POLARITY    COMBINATIONS 

With  three-phase  transform*  nnected  on  high-tension  side  and 

ted  ''ii  low-tension  side. 


table,  and  combination  No.  5  is  found  to  apply.*    Then  by  referring 

I  and  10  the  position  of  this  combination  is  quickly  located 

and  the  polarity  diagram,  Fig.   (2.  i-  easily  laid  out.     This  diagram 

uld  be  laid  out  to  scale.  All  angles  are  of  course  either  60 
degrees  or  120  degrees.    After  the  diagram  is  drawn  all  the  voltages 

uld  be  scaled  and  they  should  correspond  to  the  measurements 
taken  on  the  transformer. 


*This  is  read  as  follows:     af  is  equal  to  be;  af  is  less  than  ac ;  bf  is 
less  than  be;  ae  is  equal  to  the  sum  of  ac  plus  de. 
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DELTA-STAK   TRANSFORMERS 

With  a  transformer  connected  in  delta  on  the  high-tension  side 
and  in  star  on  the  low-tension,  the  measurements  should  he  taken 
in  the  same  manner  as  for  the  delta  to  delta  connection.  Let  a,  b,  c, 
Fig.  13,  be  the  voltage  phase  diagram  of  the  high-tension  side.  Then 
any  one  of  the  six  groups  of  either  Fig.  14  or  15  may  represent  the 
\<'ltage  phase  diagram  of  the  low-tension;  that  is,  there  are  twelve 
possible  different  polarity  combinations.  Now  refer  to  Fig.  16, 
which  shows  the  high-tension  voltages  in  their  relation  to  the  low- 
tension  combinations  when  C  and  D  (see  Fig.  7)  are  connected 
together.     The  table  accompanying  Figs.   13  to   17  gives  a  list  of 
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FIGS.    18,    19,    20,    21    AND   22 — TWELVE   POSSIBLE   POLARITY    COMBINATIO 

With  three-phase  transformers  star-connected  on  high-tension  side  and 
delta-connected  on  low-tension  side. 

voltage  relations,  one  of  which  holds  good  for  each  of  the  twelve 
combinations. 

For  example,  suppose  the  measurements  are  compared  with 
the  above  table  and  combination  No.  8  is  found  to  apply.  Then  by 
reference  to  Figs.  14  and  15  the  position  of  this  combination  can  be 
located  and  the  polarity  diagram,  Fig.  17,  laid  out. 

STAR-DELTA    TRANSFORMERS 

Consider  next  a  transformer  connected  star  on  the  high-tension 
side  and  delta  on  the  low-tension.  Let  a,  h.  c,  Fig.  18,  be  the  volt- 
age phase  diagram  of  the  high-tension  side.  Then  any  one  of  the  six 
groups  of  either  Fig.  19  or  20  may  represent  the  voltage  phase  dia- 
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in  of  the  low-tension,  so  that  twelve  different  polarity  combina- 
tions are  possible.     Fig.  2]  shows  the  high-tension  voltages  in  their 
relation  to  the  low-tension  combinations  when  C  and  D  are  connected 
.ether.    The  table  accompanying  Figs.  t8  to  22  gives  a  list  of  the 
.<    relations,  one  of  which  holds  good  for  each  of  the  twelve 
.filiations.     It  will  he  seen  hy  comparing  this  tahle  with  the  one 
given  in  connection  with  Figs.  13  to  17  that  the  two  are  identical. 
For  example,  suppose  the  measurements  are  compared  with  the 
above  tahle  and  combination  No,  7  is  found  to  apply.     Then  hy 
referring  to  Figs.  19  and  20  the  position  of  this  comhination  can  be 
located  and  the  polarity  diagram,  Fig.  22,  laid  out. 

Transformers  connected  in  star  on  both  the  high-tension  and 
low-tension  sides  will  not  be  considered,  because  this  is  a  connection 
rarely  used. 

ODD  COMBINATIONS  WHICH   CAN  BE  PARALLELED 

Comparing  the  three  groups  of  combinations  discussed  above, 
it  will  be  found  that  a  transformer  connected  in  delta  on  both  the 

high-tension  and  low-tension 
sides  cannot  be  made  to  parallel 
with  one  connected  either  in 
delta  on  the  high-tension  and 
star  on  the  low-tension  or  in 
star  on  the  high-tension  and 
delta  on  the  low-tension  side, 
FIG-  23  hut  that  a  transformer  connect- 

ed in  delta  on  the  high-tension  and  star  on  the  low-tension  can  be 
made  to  parallel  with  some  combinations  of  one  connected  in  star  on 
the  high-tension  and  delta  on  the  low-tension  side.  It  will  also  be 
found  that  some  combinations  of  one  transformer  cannot  be  made 
to  parallel  with  some  combinations  of  another  transformer  using 
the  same  type  of  connection-  for  the  two  windings.  For  example, 
a  transformer  connected  delta  to  delta  may  have  a  combination  that 
will  not  parallel  with  another  transformer  connected  delta  to  delta. 
changing  the  internal  connections  between  the  coils,  however, 
it  will  be  possible  to  bring  out  the  terminals  in  such  a  way  that  par- 
allel operation  can  be  obtained  for  all  combinations. 

Referring  to  Fig.  23,  it  can  soon  be  determined  whether  two 
three-phase  transformers  have  the  same  polarity  by  connecting  them 
in  parallel  on  the  high-tension  and  low-tension  sides,  but  leaving 
terminals  E  and  F  of  transformer  No.  2  disconnected.  Tn  making 
these    connections    similarly    numbered    terminals    should    be     con- 
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nected  together,  that  is,  A-A,  B-B,  etc.  If,  with  this  arrangement, 
there  is  no  voltage  between  E  and  c  or  between  F  and  /  of  trans* 
former  No.  2,  the  polarities  are  the  same  and  the  connections  can  be 
completed,  and  the  transformers  put  into  service.  If,  however, 
there  is  found  to  be  a  difference  of  voltage  between  E  and  e  or  F 
and  f,  or  both,  the  polarity  of  the  two  transformers  is  not  the 
same.  In  this  case  the  polarity  of  each  transformer  should  be  de- 
termined separately  and  the  voltage  phase  diagram  laid  out  to  ascer- 
tain whether  it  is  possible  to  arrange  the  connections  in  such  a  man- 
ner as  to  make  parallel  operation  possible. 

Suppose  the  voltage  phase  diagram  of  transformer  No.  1  is 
shown  in  Fig.  24  and  that  of  No.  2  in  Fig.  25,  the  lines  joining  a 
and  b,  a  and  c,  b  and  c  of  one  diagram  being  exactly  parallel  to  the 
corresponding  lines  of  the  other.  Now  it  will  be  noted  that  if  tri- 
angle d  e  f  of  Fig.  25  be  moved  in  a  straight  line  without  any  Vota- 
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FIGS.    24,    25    AND    26 — VECTOR    DIAGRAMS    AND    CONNECTION    DIAGRAM 

Illustrating  paralleling  of  two  three-phase  transformers. 


tion  and  placed  directly  over  triangle  /  d  e  of  Fig.  24,  then  d  of 
Fig.  25  will  exactly  coincide  with  /of  Fig.  24,  e  of  Fig.  25,  with  d 
of  Fig.  24,  and  /  of  Fig.  25,  with  e  of  Fig.  24.  This  means  that  if 
the  two  transformers  have  their  low-tension  sides  connected  in  such 
a  manner  as  to  join  these  corresponding  terminals,  parallel  opera- 
tion can  be  secured.    Fig.  26  shows  the  correct  connections. 

In  general  it  may  be  stated  that  if  the  voltage  phase  diagram  of 
two  transformers  with  the  same  high-tension  and  low-tension  volt* 
ages  be  laid  out  in  the  same  manner  as  shown  in  Figs.  24  and  25, 
and  if  the  low-tension  part  of  one  diagram  can  be  moved  in  a 
straight  line  without  any  rotation  and  placed  over  the  low-tension 
part  of  the  other  diagram  so  that  the  corners  exactly  correspond, 
then  parallel  operation  is  possible,  but  if  the  corners  do  not 
correspond,  parallel  operation  is  impossible.  As  examples,  Figs.  2~ 
and  28  show  that  parallel  operation  of  these  two  connections  is  pos- 
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while  Figs.  -7  and  29,  or  27  and  30,  or  2(j  and  30,  etc.,  show 

that    transformers    giving    these    voltaic    phase    relations    will    nut 

parallel. 

\l  R  \I.  CONSIDERATIONS  1  N   PAB  \l.l  ELING    1  B  ^NSFORMERS 

By  referring  to  Figs.  9  and  10,  it  may  he  seen,  in  general,  that 
any  low-tension  combination  indicated  by  an  odd  number  can  be 

nnected  so  as  to  parallel  with  any  other  odd-nnmhered  combina- 
tion, but  not  with  any  e\  ren-numbered  combination.  The  reverse  is 
true,  that  any  low-tension  combination  indicated  by  an  even 
number  can  be  connected  so  as  to  parallel  with  any  other  even- 
numbered  combination,  but  not  with  any  odd-nnmbered  combina- 
tion. 

In  order  to  secure  perfect  parallel  operation  between  two  trans- 
formers. thc\-  should  have  exactly  the  same  ratio  of  high-tension  to 
low-ten-ion  turns,  the  same  IR  drop,  and  the  same  impedance  drop. 
For  all  practical  purposes,  however,  two  transformers  having  the 


_.-.    28,    -■>   AND   30 — ILLUSTRATING   THE  GENERAL    CASE  OF    PARALLELING    ANY 
TWO  THREE-PHASE  TRANSFORM!  k 

same  ratio  of  turns  and  approximately  the  same  impedance    will 

operate  satisfactorily  in  parallel  even  if  the  IR  drops  are  different. 

Duplicate  transformers  will  of  course  have  the  same  characteristics 

and  share  the  load  equally.    Two  transformers  of  different  make  or 

different  size  will  probably  have  different  characteristics,  so  that 

when  parallel  operation  is  attempted,  measurements  should  be  made 

determine  if  each  will  carry  approximately  its  share  of  the  load. 

lS  a  general  rule,  transformers  differing  widely  in  size  should 

not  be  operated  in  parallel,  particularly  if  the  smaller  size  has  much 

lower  impedance  than  the  larger.     Where  the  impedances  differ,  the 

load  on  the  transformer  with  the  smaller  impedance  will  increase 

and    that    on    the   one    with    the    larger    impedance    will    decrease 

until  the  two  impedances  become  equal.*     For  example,  if  a  load  of 

kw  be  placed  on  a  bank  of  two  transformers,  one  of  100  kw 


*See  article   on   "Parallel   Operation  of  Transformers,"  by  Mr.  J.  B. 
Gibbs,  in  the  Journal  for  May,  1909,  page  276. 
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rapacity  with  three  percent  impedance  and  the  other  of  300  kw 
capacity  with  live  percent  impedance,  the  load  on  the  100  kw  unit 
will  be  increased  to  approximately  145  kw,  while  the  load  on  the 
300  kw  unit  will  be  decreased  to  approximately  255  kw.  In  other 
words,  the  impedance  of  a  transformer  varies  directly  with  the  load, 
so  that  the  load  on  the  100  kw  transformer  increases  and  that  on  the 
300  kw  unit  decreases  until  the  impedances  become  equal. 

It  is  not  easy  for  manufacturers  to  design  transformers  to 
operate  in  parallel  when  the  sizes  differ  widely,  and  if  tap  voltages 
have  to  be  considered  the  problem  becomes  still  more  difficult;  the 
price  may  be  increased  considerably  and  the  performances  will 
probably  not  be  as  good  as  for  a  standard  design. 

When  two  transformers  are  connected  in  V  on  a  three-phase 
circuit,  the  capacity  is  I  -i-  V3  =  58  percent  (approximately)  of  the 
capacity  of  three  similar  transformers  connected  in  delta.  This  is 
due  to  the  fact  that  for  the  delta  connection  the  current  and  voltage 
of  each  transformer  are  in  phase  with  each  other,  while  for  the  V 

connection  the  current  and  voltage  of  each 
transformer  are  30  degrees  out  of  phase  with 
each  other. 

When  the  two  transformers  connected  in 
V  are  operated   in  parallel   with   three  trans- 
formers connected  in  delta,  one  of  the  trans- 
fig.    31 — two    v-con-  '      . 

nected  transform-    formers  will  take  more  than  its  share  of  the 
paralleled    with   load       SlicH     a  connection     is     illustrated     in 

THREE     UXITS     IN 

delta  Fig.  31,  in  which  transformers  Nos.  I,  2  and  J 

are  connected  in  delta  and  operated  in 
parallel  with  Nos.  4  and  5,  which  are  connected  in  V.  Without 
going  into  the  theory  it  will  be  found  that  transformer  No.  1  will 
be  carrying  normal  load  when  each  of  the  other  four  is  carrying 
only  76.15  percent  of  normal  load.  It  is  evident,  therefore,  that 
when  transformers  operate  in  this  manner,  No.  1  must  be  watched 
carefully  to  see  that  it  is  not  too  heavily  overloaded.* 

There  are  a  large  number  of  other  interesting  and  useful  poly- 
phase combinations,  but  those  here  given  will  be  found  to  cover 
nearlv  all  of  the  cases  commonlv  encountered. 


No.  I 


♦For  further  information  on  the  effect  of  paralleling  various  combi- 
nations of  single-phase  units,  see  article  on  the  "Operation  of  Delta  and 
V-Connected  Transformers"  by  Mr.  E.  C.  Stone,  in  the  Journal  for  April, 
19 10,  page  304- 


SINGLE-PHASE   COMA\UTATOR  MOTORS 
VARIOUS  COMMUTATING-POLE  ARRANGEMENTS 

R    E.  HELLMl'ND   and    E.  W.  P.  SMITH 

IN  THE  preceding  article  on  this  subject  the  results  which  may 
be  obtained  with  shunt  connected  commutating  poles  were  dis- 
cussed in  detail.  In  the  present  article  a  number  of  commuta- 
ting pole  arrangements  will  be  dealt  with,  all  of  which  have  been 
used  to  good  advantage  under  certain  conditions  of  load  and  cur- 
rent supply.  While  with  the  previously  described  connections  of 
shunt  commutating  poles  it  is  possible  to  obtain  satisfactory  results 
under  certain  conditions  of  power-factor,  short-circuit  and  react- 
ance voltages  in  the  commutating  coils  (that  is,  the  coils  under 
commutation),  the  proportions  of  these  values  may  change  so  as 
to  result  in  comparatively  poor  commutating  conditions  with  simple 
shunt  connected  commutating  poles.  The  various  arrangements 
and  connections  described  below  have  therefore  been  developed  and 
used  in  order  to  take  care  of  cases  involving  these  more  difficult 
conditions  of  operation. 

In  deriving  the  diagrams  for  the  sparking  voltages  in  the  pre- 
vious paper  for  the  case  of  shunt  connected  commutating  poles,  it 
was  shown  that  the  power-factor  had  a  certain  influence  upon  the 
best  possible  commutating  conditions.  It  was  shown  in  one  ex- 
ample, for  instance,*  that  in  a  motor  with  very  good  power-factor 
(under  certain  assumptions)  it  is  not  possible,  even  under  the  most 
favorable  conditions,  to  reduce  the  resultant  sparking  voltage  be- 
low about  one-fourth  of  its  value  without  the  use  of  commutating 
poles.  This  condition  is  even  more  emphasized  in  cases  where  a 
good  power-factor  is  combined  with  a  comparatively  high  react- 
ance voltage.  Such  conditions  are  found  in  high  speed  motors  for 
low  frequency,  such  as  15  cycles,  and  are  represented  by  the  vector 
diagram,  Fig.  1. 

In  this  case  the  simple  shunt  commutating  poles  cannot  reduce 
the  sparking  voltage  to  less  than  about  57  percent  of  its  value  with- 
out commutating  poles.  In  such  cases  it  is  therefore  very  desir- 
able to  induce  in  the  short-circuited  coil,  in  addition  to  the  com- 
mutating pole  voltage  Eils  a  second  voltage  E\2,  which  will  be  seen 
to  be  in  phase  with,  but  opposite  in  direction  to,  the  reactance  volt- 


*See  vector  diagram,  Fig.  11,  May,  1912,  p.  422. 


SINGLE-PHASE  COMMUTATOR  MOTORS 


623 


age  £r  which  in  turn  is  in  phase  with  the  load  current.  The  re- 
maining part  Es  of  the  sparking  voltage  could  therefore  be  com- 
pensated for  by  a  field  energized  by,  and  in  phase  with,  the  load 
current.  (The  condition  of  opposite  direction  can  always  be  ful- 
filled by  properly  connecting  the  windings).  At  first  sight  it  would 
appear  simplest  to  obtain  the  desired  series  component  of  the  com- 
mutating  pole  flux  by  simply  adding  some  series  connected  turns 
on  the  commutating  poles  carrying  the  shunt  connected  coils.  I  )ue 
to  the  mutual  induction  of  the  two  coils,  however,  the  desired 
result  cannot  be  obtained  in  this  manner.  In  this  connection  as 
well  as  in  a  number  of  future  considerations  it  should  be  kept  in 
mind  that  in  any  alternating-current  coil  the  total  flux  interlinked 
with  the  coil  must  always  be  proportional  to  the  impressed  voltage, 

and  must  have  a  phase  relation 
at  right  angle  to  the  impressed 
voltage,  assuming  that  the  usual- 
ly small  ohmic  drop  is  neglected. 
Therefore,  the  current  in  the 
coil  will  always  adjust  itself  in 
such  a  maner  as  to  induce  the 
flux  necessitated  by  the  above 
conditions.  If,     therefore,     a 

series  coil  were  put  around  the 
same  commutating  pole  as  the 
shunt  coil,  the  current  in  the 
shunt  coil  would  merely  change 
until  it,  together  with  the  cur- 
rent of  the  series  coil,  would 
induce  a  flux  in  line  with  these  same  conditions.  This  means 
that,  as  long  as  the  voltage  impressed  upon  the  commutating 
pole  remains  unchanged,  the  commutating  pole  flux  will  remain  un- 
changed, and  the  series  commutating  pole  coil  would  have  no  other 
effect  than  to  change  the  current  in  the  shunt  coil  without  affecting 
the  flux,  except,  of  course,  for  a  very  small  amount  due  to  the 
changes  in  ohmic  drop  caused  by  the  change  in  current. 

Numerous  arrangements  have  been  proposed  and  used  to  over- 
come this  difficulty,  only  a  few  of  which  will  be  mentioned  here. 
Fig.  2  shows  one  of  these  arrangements.  In  this  case  the  com- 
mutating pole  is  divided  in  three  parts.  A  shunt  winding  is  wound 
around  all  three  of  these  parts,  while  a  series  winding  is  wound 
on  the  middle  part  only.     With  this  arrangement,  the  series  wind- 


FIG.     I — VECTOR     DIAGRAM 

Showing  current  and  voltage  re- 
lations in  motor  having  high  react- 
ance voltage  combined  with  high 
power- factor. 
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Log  affects  only  part  of  this  commutating  pole  flux  and  hence 
changes  only  the  distribution  of  the  total  Hux  going  through  the 
shunt  connected  coil,  without  affecting  its  total  value.  Therefore 
it  is  possible  to  fulfil]  the  above  condition;  while  at  the  same  time, 
the  commutating  pole  flux  in  the  middle  section  (i.e.,  where  it  is 
being  utilized)  can  be  corrected  to  have  the  desired  phase,  as  it 
has  both  a   series  and  a  shunt  component. 

A  second  arrangement  serving  the  same  purpose  is  shown  in 
Fig.  3.  Here  the  commutating  pole  is  slotted  in  the  middle  and 
the  main  held  coils  are  wound  into  the  slot  of  the  commutating 
pole.  The  armature  is  wound  with  slightly  reduced  or  fractional 
pitch  so  that  one  side  a  of  the  coil  under  commutation  is  under 
one-half  of  one  of  the  commutating  poles,  while  the  other  side  is 
under  the  middle  of  the  other  commutating  pole.*     Here   again 


Shunt 
Winding 


FIG. 


FIG.  3 

Various  commutating  pole  arrangements. 


in,.  4 


the  total  flux  interlinking  with  the  shunt  coils  is  enabled  to  con- 
firm to  the  conditions  previously  pointed  out,  while  the  distribu- 
tion of  the  flux  under  the  commutating  poles  can  be  corrected  by 
the  main  field  coils,  which  carry  the  load  (series)  current.  This 
correction  can  be  so  arranged  that  the  voltage  induced  in  one  side 
a  of  the  coil  under  commutation  takes  care  of  the  component  E'\2 
of  Fig.  1  while  the  other  half  of  the  same  coil  takes  care  of  the 
voltage  Eiv 

A  third  arrangement  for  the  same  purpose  is  indicated  in 
Fig.  4.  Here  the  commutating  poles  have  simple  shunt  connected 
windings,  while  the  main  poles  are  wound  in  the  usual  manner. 
The  pitch  of  the  armature,  however,  is  reduced  to  such  an  extent 


e  paoer  by  Mr.  E.  F.  YY.  Alexanderson,  Trans.  A.  I.  E.  E.  for  1908, 
Part  I,  p.  1. 
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that  one  side  of  a  coil  under  commutation  is  always  under  a  com- 

mutating  pole,  while  the  other 

side  is  under  one  of  the  main 
poles.  If,  in  this  case,  the 
commutating  pole  flux  is 
made  twice  as  strong  as  as- 
sumed in  the  diagrams  of 
the  previous  article,  it  will 
induce  the  voltage  E\x  in  the 
one  half  of  the  armature 
coils,  while  with  the  proper 
field  arrangement  and 
strength,  the  main  pole  will 
induce  the  voltage  E\2  in  the 
other  half  of  the  same  coil, 
both  voltages  being  induced 
by  the  rotation  of  the  arma- 
ture. 

As  in  the  case  of  simple 
shunt  commutating  poles,  it 
is  possible  in  all  of  the  above 
arrangements  to  get  ideal  or 
nearly  ideal  commutating 
conditions  for  only  a  limited 
range  of  loads,  for  the  ma- 
jority of  practical  applica- 
tions. This  is  because  ordin- 
arily the  shunt  component  of 
the  commutating  pole  flux 
does  not  change  automatical- 
ly as  desired,  although  in 
these  cases  at  least  the  series 
component  is  approximately 
right  for  the  usual  load  con- 
ditions. In  the  following  a 
few  practically  cases  are 
given  for  the  motor  arrange- 
ment of  Fig.  4.  This  will  be 
sufficient,  as  it  is  possible  to 
obtain  corresponding  results 
in  a  similar  way  with  the  arrangements  of  Figs.  2  and  3. 
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figs.  5   (a),   (b)   axd  (c) — commutatixg 

RESULTS  OBTAIXED  WITH  THE  ARRAXGE- 
MENT  OF   FIG.  4 

(a) — Variable  speed;  variable  current. 
(b) — Variable  speed;  constant  current. 
(c) — Constant  speed;  variable  current. 
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The   commutating  pole   winding   is   connected   in 
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series  with  the  motor,  but  has  a  non-inductive  resistance  connected 
in  parallel  with  the  commutating  winding,  as  shown  in  Fig.  6.  The 
vector  diagram  for  this  connection  is  shown  in  Fig.  7,  in  which  E 
represents  as  before  the  motor  voltage,  while  the  motor  current  / 
lags  a  certain  angle  <i>  behind  the  voltage.  The  current  /  divides 
into  Ir  and  I'\,  one  of  which,  /r,  goes  through  the  resistance,  while 
the  other,  I'\,  goes  through  the  commutating  pole  winding.  The 
two  currents  must  combine  of  course  to  a  current — /  which  is 
equal  and  opposite  to  the  total  current  I.  It  is  true  moreover, 
that,  as  the  resistance  is  practically  non-inductive,  while  the  com- 
mutating pole  circuit  is  practically  purely  inductive,  the  two  cur- 
rents It  and  I'\  must  combine  at  practically  right  angles  with  each 
other  (that  is,  under  the  assumption  that  the  compensating  wind- 
ing fully  compensates  the  armature  field,  and  wherever  this  is  not 


Commutating  Armature 
Pole  Winding  Compensating 

Wmding 


Maui  Field 
Winding 


FIG.   6  FIG.    7 

Non-inductive  resistance  in  parallel  with  series  commu- 
tating pole  winding.  Method  used  by  Oerlikon  Company. 
Switzerland. 


the  case,  the  commutating  pole  circuit  is  not  necessarily  purely  in- 
ductive). It  is  moreover  evident  that  as  the  current  Iv  goe$ 
through  a  non-inductive  circuit,  that  the  voltage  £i  causing  the 
current  Iv  (that  is.  the  voltage  at  the  terminals  of  the  resistance, 
as  well  as  of  the  commutating  poles)  must  be  in  phase  with  this  cur- 
rent Ir.  This  in  turn  means  that  the  held  flux  Fi  induced  in  the 
commutating  pole  lags  90  degrees  behind  this  current  Ir.  It  follows 
from  this  that  the  voltage  induced  by  the  commutating  pole  rlux 
in  the  commutating  coil  is  in  phase  with  this  flux  Fi  and  may  be 
represented  by  the  vector  Fi.  The  reactance  voltage  Fr  is.  as  in 
all  previous  cases,  in  phase  with  the  armature  current  F  while  the 
pulsating  voltage  Fp  lags  00  degrees  behind  I.  The  two  voltages. 
Fr  and  Fp  combine  to  the  resultant  voltage  Ft.  which  under  the 
issumptions  made  is  equal  and  opposite  to  the  voltage  Fi  induced 
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i'\  the  commutating  pole, 
rhis,  therefore,  gives  the 
ideal  condition  of  a  sparking 
\  oltage  equal  to  zero  for  this 
load.  Several  practical  cases 
of    varying   load    conditions 

for  this  method  of  connection 

may  now  be  considered. 

The  case  of  a  motor 
which  is  operated  at  constant 
voltage  while  the  load  varies 
is  represented  in  Fig.  8a. 
The  resistance  is  adjusted  in 
such  a  manner  as  to  get  zero 
sparking  voltage  at  750  am- 
peres. It  will  be  seen  thai 
for    this    load    condition    the 

'iit  connection  leads  to 
results  which  are  better  than 
any  previously  obtained  for 
the  same  load  condition  ;  even 
better  than  the  results  ob- 
tained with  the  connection 
shown  in  Fig.  4.  (The  curve 
A,  showing  shunt  and  series 
compensation,  is  reproduced 
from  Fig.  5a,  for  compari- 
son, and  shows  the  superior- 
ity of  the  arrangement  of 
Fig.  6.)     Fig.  8b  shows  the 

lilts  obtained    for  the  < 
of  constant  load  torque  and 
varying  speed.     In  this  a 

>,  the  present  s<  heme  is 
superior  to  any  other.  (Curve 
B  in  Fig  Kb  is  Iik<  •  i  e  repro- 
duced from  Fig.  5b  for  com- 
parison 1.  i  Ihfortunately  the 
ults  obtained  with 
the   present   scheme  must   be 
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obtained  at  the  expense  of  efficiency,  since  the  resistance  in  par- 
allel with  the  commutating  pole  will  of  course  consume  a  certain 
amount  of  energy.     These  losses  arc  in  some  so  high  thai 

they  make  the  scheme  almost  prohibitive,  while  in  other  cases— 
for  instance  in  high  speed,  15  cycle  motors — the  magnitude  of 
these  losses  is  not  very  serious.  For  instance,  in  the  high  spi 
locomotive  motors  for  the  Loetschberg  Tunnel  ii  was  possible  to 
obtain  efficiencies  as  high  as  88  percent,  notwithstanding  the  losses 
in  the  resistance.  At  the  same  time,  the  commutation  obtained  in 
this  case  is  very  satisfactory. 

The  results  obtained  with  the  same  connection  for  constanl 
speed  and  variable  current  are  shown  in  Fig.  8c.  In  this  case,  the 
results  obtained  are  not  quite  as  good  as  those  obtained  with  the 
scheme  -hown  in  Fig.  4.  This  is  due  to  the  irregularity  introduced 
by  the  saturation  curve  of  the  motor,  which  is  automatically  taken 
care  of  in  the  scheme  of  Fig.  4.  With  a  machine  of  such  design 
that  the  iron  is  not  saturated,  the  results  possible  with  the  scheme  of 
Fig.  6  are  as  good  as  with  that  of  Fig.  4.  Nevertheless,  for  this 
case  of  operation  the  schemes  of  Figs.  2,  3  and  4  would  seem  to  be 
preferable,  since  it  is  possible  to  obtain  equally  good  or  usually 
better  results  without  involving  as  much  loss  of  energy  as  with  the 
present  method. 

The  previous  arrangements  were  devised,  as  explained  above, 
for  machines  with  good  power-factor  and  comparatively  high  re- 
actance voltage,  in  which  case  the  simple  shunt  commutating  pole 
did  not  give  very  satisfactory  results.  It  was  mentioned  in  the 
previous  article*  that  with  the  other  extreme,  i.  e.,  with  very  low 
power-factor  and  a  small  reactance  voltage,  the  simple  shunt  com- 
mutating pole  does  not  give  very  good  results  either,  because  in 
this  case  a  resultant  sparking  voltage  opposite  in  phase  to  the  re- 
actance voltage  would  exist.  It  is  possible  to  obtain  better  result- 
by  connecting  the  shunt  commutating  poles  in  parallel  with  the 
armature  and  the  auxiliary  winding,  instead  of  connecting  them 
in  parallel  with  the  whole  motor.  This  may  be  explained  by  re- 
ferring to  Figs.  9  and  10.  Fig.  9  shows  the  connection  diagram 
for  this  scheme.  The  conditions  of  low  power-factor,  small  re- 
actance voltage,  and  large  pulsating  voltage  are  liable  to  be  found 
in  low  speed  motors  for  high  frequencies  such  as  50  and  60  cycles. 


*See  May.  1912,  issue,  p.  425,  second  paragraph. 
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The  \  diagram  for  the  connection  of  Fig,  9  is  given  in  Fig. 

This  diagram,  which  corresponds  in  general  to  the  vector  dia- 
:ns  of  Figs.  2  to  11  of  the  previous  article,  is  best  derived  by 
• :  ng  with  the  vector  /a  which  represents  tin-  armature  current. 
Thi  gy  voltage  of  the  armature,  Ee,  is  of  course  in  phase  with, 

and  opposite  in  direction  to.  the  armature  current,  while  the  arma- 
ture inductive  voltage  £1  lags  90  degrees  behind  the  current.  The 
reverse  values  of  these  voltages,  viz., —  Ee  and — £1  combine  to  give 
the  voltage  £a  which  must  be  impressed  upon  the  armature.  This 
at  the  same  time  the  voltage  impressed  upon  the  commu- 
tating  pole-,  and  since  the  commutating  pole  winding  may  be  as- 
sumed as  a  purely  inductive  circuit,  the  commutating  pole  current 
I\  lags  90  degrees  behind  the  armature  voltage  Ea.  By  combining 
the  armature  current  /a  and   the  commutating  pole  current  l\  the 


Commute  ting 
Pole  YY.rxJ.nK 


ComprntAting 
Armature    Winding 


M«in  Fk-W 
Winding 


FIG.   9  FIG.    10 

Commutating  pole  winding  in  parallel  with  armature  and 
compensating  winding. 

tal  current  going  through  the  main  field  winding,  or  It,  is  ob- 
tained A-  the  inductive  voltage  of  the  main  field,  /if,  is  90  de- 
grees behind   the  field  current,   it  can  also  be  determined.      (The 

;»onent  may  be  neglected).  It  is  now  possible  to  combine 
the  voltage  /:a  impres-ed  upon  the  armature  and  the  voltage  — Ei, 
which  must  be  impressed  upon  the  field,  and  obtain  the  motor  volt- 
age E.  The  ra  U  now  sufficiently  complete  to  use  in  consid- 
ering the  sparking  conditions.  The  reactance  voltage  /:r,  which, 
by  assumption,  is  to  be  of  small  amplitude  in  the  present  case,  is  in 
ph.-;           "h  the  armature  current  /a*.     The  pulsating  voltage   Ep 

rees  in  phi  hind  the  field  current  It*.     As  in  any  in- 

ductive circuit,  the  commutating  pole  field  flux  i^  </>  degrees  behind 


•The-e  relations  wf-re  explained  in  the  previous  article  in  the  May,  1912, 
:>.  421-422. 
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the  impressed  voltage,  and  therefore  the  voltage  induced  by  the 
commutating  pole  flux  in  the  coils  under  commutation  is  also 
shifted  90  degrees  behind  the  voltage  impressed  upon  the  commu- 
tating pole,  i.e.,  the  voltage  £a.  This  will  be  evident,  as  the  volt- 
age in  the  coil  under  commutation  is  induced  by  rotation  and  there- 
fore is  in  phase  with  the  flux.  The  commutating  pole  flux,  how- 
ever, is  shown  in  Fig.  10  in  the  oppostie  direction  as — E\,  a  condi- 
tion which  can  be  governed  by  the  connection  of  the  commutating 
pole  coil.  The  voltages  £p'  and  £r  combine  to  give  the  voltage  I  a, 
and  it  will  be  seen  that  under  the  assumptions  made  £t  is  equal 
and  opposite  to  the  voltage  £i  induced  by  the  commutating  pole. 
Hence,  this  connection  results  in  the  ideal  condition  of  a  sparking 
voltage  equal  to  zero.  While  it  is  possible  in  this  manner  to  obtain 
good  conditions  as  regards  sparking,  for  one  given  load  case,  the 
change  in  load  has  a  very  unfavorable  influence  upon  this  spark- 
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FIGS.    II    (a)    AND    (b) — COMMUTATING  RESULTS  OBTAINED  WITH   THE 

ARRANGEMENT   OF   FIG.   9 

(a) — Current  variable  ;  speed  variable. 
(b) — Current  constant;  speed  variable. 

ing,  in  fact,  more  so  than  in  any  previous  arrangement  considered. 
Fig.  na  represents,  for  instance,  the  case  where  the  motor  is  op- 
erated on  constant  voltage  while  the  load  changes.  It  will  be  seen 
that  the  zone  of  good  commutation  is  comparatively  small.  In  fact, 
up  to  550  amperes  the  motor  would  run  much  better  without  com- 
mutating poles.  The  reason  that  the  range  of  good  commutation 
is  so  narrow  lies  in  the  fact  that  an  increase  of  current  means  in- 
creased field  inductive  volts,  which  in  turn  means  that  the  armature 
voltage  as  well  as  the  commutating  pole  voltage  decreases  with  in- 
crease in  current,  while  the  opposite  is  to  be  desired. 

The  case  of  varying  speeds  with  constant  load  is  represented 
in  Fig.  11b.  In  this  case,  also,  the  zone  of  good  commutation  is 
very  small. 
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An  arrangement  has  been    proposed    by   Latour,  of    France, 

whi  applied  for  both  cases  previouslj  discussed;  that  is, 

hich  will  g  ults  for  the  case  of  good  power  factor 

and  high  reactance  voltage  as  well  as  low  power-factor  combined 

with  a  small  ince  voltage.    Latour  connects  the  primary  »>i  a 

small  transformer  across  the  main  field  coil,  while  the  secondary  of 

me  transformer  is  connected  in  series  with  a  shunt  connected 

mmutating  pole,  as  indicated  in  Fig.  i_\     Fig.  [3  shows  the  vec- 

diagram,   for  this  connection,   for  a  motor  with  good  power 

and  large  reactance  voltage.     In  this  figure  /a  represents  the 

armature  current,  which  divides  into  the  field  current    H  and  the 

current  h  in  the  primary  of  the  transformer.     This  hitter  current 

has  been  determined  from  the  commntating  pole  current  under  the 

sumption   that  no  power   is  transmitted   into  the  motor  by  this 

transformer.     This  condition  can  be  (but  is  not  necessarily  )  fulfilled 

by  proper  arrangement  of  the  compensating  winding.   The  armature 

voltage  /'a  i<  the  resultant  of  the  energy 

^"-tin,     voltage  Ee  in  phase  with  the  armature 

c«n«juun«  ^  ,1,4/,  current     and     the     inductive     armature 

PoJ.W«fc*_ 


voltage  El  shifted  through  a  phase  angle 
of  90  degrees.  The  total  voltage  E  of 
the  motor  is  the  resultant  of  the  arma- 
ture voltage  /:a  and  the  field  voltage  Ei, 
the  latter  being  approximately  at  right 
:  by  Latour,  France,   angles   to   the    field    current   /f.     If    the 

^rnall    losses    and   the    reactance    of    the 
transformer  be  neglected,  the  secondary  voltage  Ec  of  the  trans- 
rmer  is  in  phase  with  the  primary  voltage,  which   is  the  same 
the  field  Ei.     The  direction  of  Ec  is  of  course  deter- 

mined by  th.  in  which  the  secondary  coil  of  the  transformer 

ted  into  the  circuit,  and  the  magnitude  of  Ec  follows  from 
the  ratio  of  transformation.     After  Ec  is  determined  the  commu- 
le  voltage  £b  given  from  the  fact  that  the  resultant 

— E  of  tl.  Tmer  voltage  Ec  and  the  commutating 

must  be  equal  to  th<  r  voltage  E.     The  flux  /i 

nmutating  pole  has  a  phase  position  of  90  degrees  behind 
the  voltage  Eb  impi  upon  the  commutating  pole,  and  the  volt- 

:  induced  by  this  flux  in  the  coil-  under  commutation  is  in 
pha-e  with  this  flux.  The  reaetan<c  voltage  Er  which  is  compara- 
tively large  in  this  ca-  n  phase  with  the  armature  current  /a, 
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while  the  field  pulsating  voltage  Ep  lags  practically  90  dej  be 

hind  the  field  current  It.  The  voltages  Ep  and  Ex  combine  to  give 
the  total  voltage  Et,  which,  as  will  be  seen,  is  equal  and  opposite 
to  the  voltage  E\.  Therefore,  this  again  gives  a  resultant  sparking 
voltage  equal  to  zero. 

The  vector  diagram  for  the  same  connection  diagram  under 
the  assumption  that  the  motor  has  a  low  power- factor  and  a  small 
reactance  voltage  is  shown  in  Fig.  14.  In  this  case,  desirable  re- 
sults are  obtained  by  reversing  the  transformer  voltage  Ec,  which 
means  that  the  vector  Ec  has  the  opposite  direction.     It  also  means 


FIG.     13  FIG.    14 

VECTOR    DIAGRAMS    SHOWING    FAVORABLE   RELATIONS   OBTAINED    WITH 
THE   ARRANGEMENT   OF   FIG.    12 

Fig   13 — Motor  power-factor  high;  large  reactance  voltage. 
Fig.  14— Motor    power-factor    low;    small    reactance    voltage. 
Satisfactory  results  obtained  by  reversing  transformer  secondary. 

that  the  primary  current  of  the  transformer  will  flow  in  the  opposite 
direction.  Otherwise  the  derivation  of  the  diagram  of  Fig.  T4  is  in 
principle  the  same  as  that  of  Fig.  13. 

In  practical  operation  the  arrangement  devised  by  I. atom- 
gives  results  similar  to  those  obtained  with  some  of  the  schemes 
previously  descrihed.  The  present  scheme,  however,  has  the  dis- 
advantage of  requiring  an  extra  transformer,  which  means  an  addi- 
tional expense.  Therefore  some  of  the  other  arrangements  will 
probably  frequently  be  used  in  preference  to  the  one  last  described, 
although  there  may  be  cases  where  this  scheme  can  be  used  to  good 
advantage. 


CONNECTIONS  FOR  SYNCHRONIZING 

HAROLD  W.  BROWN 

TiHE  prime  requisite  in  a  system  of  connections  for  synchro- 
nizing alternating-current   circuits  is  thai    it   shall  be  easy 
to  use  ;m<l  difficult  to  misuse.     This  means  that  the  opera- 
ns  must  be  simple,  and  the  meaning  of  the  indications  must  be 

at  once  apparent.*  For  example,  it  should  not  be  necessary  for 
station  operator  to  stop,  while  synchronizing  a  machine,  to 
figure  out  in  which  cases  the  synchroscope  rotates  in  the  clockwise 
direction  and  in  which  cases  in  the  counter-clockwise.  To  this 
end.  certain  features  are  worthy  of  consideration,  as  follows: — 

i — Where  several  machines  are  to  be  synchronized,  the  opera- 
tin:  synchronizing  should  be  the  same  for  all  machines. 

2 — When  the  machines  are  in  synchronism  the  synchronizing 
apparatus  must  indicate  the  fact  clearly ;  and  when  they  are  not  in 
synchronism  it  is  desirable,  though  not  absolutely  necessary,  to 
show   directly  how  the  machines  differ  in  phase. 

3 — The  operations  performed  in  synchronizing  should  be  as 
few  and  simple  as  possible. 

To  make  the  operation  of  synchronizing  the  same  in  all  cases, 
the  plugs,  receptacles,  and  lamps  should  be  all  of  the  same  types, 
and  similarly  arranged  for  all  the  machines  that  are  to  be  syn- 
chronized. Usually  one  panel  of  the  switchboard  is  devoted  to 
to  each  machine,  and  the  synchronizing  apparatus  should  have  the 
le  arrangement  on  each  panel.  When  additions  to  old  installa- 
tion? are  marie,  the  new  panels  should  be  provided  with  receptacles 
and  lamps  nd  with  the  old  part,  or  the  old  part  should 

be  changed  to  conform  to  the  new.  As  there  is  usually  only  one 
in  a  station,  the  connections  to  it  should  be  the  same 
from  all  the  machines. 

The  synchroscope  is  required  to  indicate  the  phase  relation 
between  the  machine  and  the  circuit  to  which  it  is  to  be  connected. 
If  it  is  omitted.  th<  ratOT  is  dependent  on  the  pulsation  of  the 

lamps  to  give  him  some  idea  of  the  phase  relations.     The  connec- 


*The  •  that  the  process  of  phasing  out  for 

synchronizir  ready  been  comph  This  is  covered  in  an  article  on 

"Phs  hase  Circuits"  in  the  JoUKNAL  for  May.  1912,  p.  4.37.     Jn- 

■  f  a  more  general  nature  on  the  subject  of  synchronizing  is  given 
in  an  ^  00  "Meter  and  Relay  Connections"  in  the  Journal 

For  Sc] 
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tions  to  the  synchroscope  are  somewhat  more  complicated  than  to 
the  lamps,  but  in  most  cases  no  extra  operation  is  required  for  us- 
ing the  synchroscope.  An  arrangement  that  has  much  in  its  favor 
is  to  have  one  synchroscope  on  the  bracket  at  the  end  of  the  switch- 
board, and  to  provide  a  synchronizing  lamp  on  the  panel  of  each 
generator.  Another  arrangement  is  to  have  one  synchroscope  and 
only  one  lamp,  (or  two  in  series)  at  the  synchroscope.  The  wir- 
ing with  the  latter  arrangement  is  a  little  simpler  than  where  there 
is  a  lamp  for  each  machine,  but  there  is  an  advantage  in  having  a 
lamp  for  each  generator  on  the  panel   for  that  generator. 

To  simplify  the  operation  of  synchronizing  two  circuits,  the 
apparatus  should  be  so  arranged,  if  possible,  that  only  one  plug 
need  be  inserted,  or  only  one  switching  device  of  any  other  type 

closed.  This  is  usually 
possible,  but  some  excep- 
tions will  be  mentioned. 

For  synchronizing  a 
machine  to  the  bus  by 
lamps,  it  is  necessary 
only  to  insert  a  plug  in 
a  receptacle,  equivalent 
to  a  single-pole,  single- 
throw  switch.  This  is 
illustrated  by  Fig.  i, 
where  one  side  of  the 
transformer  on  the  bus 
and  one  side  of  each  of 
the  machine  transformers 
is  connected  to  a  common  ground  line.  Any  plugging  or  switching 
device  capable  of  closing  a  single  contact  could  be  used  for  this 
purpose.  If  the  device  consists  of  a  plug  and  receptacle,  only  one 
plug  is  required  for  all  of  the  receptacles. 

For  synchronizing  between  any  tzvo  machines  by  lamps,  the 
outfit  and  connections  are  the  same  as  between  a  machine  and  the 
bus,  except  that  the  bus  transformer  and  the  corresponding  lamp 
are  omitted  and  two  plugs  are  required  instead  of  one. 

For  synchronising  a  machine  to  one  of  tzvo  buses  by  lamps, 
one  double-throw  or  two  single-throw  switches  or  equivalent  is 
required.  The  machine  lamp  may  be  inserted  between  the  switch 
and  the  machine  transformer,  so  that  only  one  lamp  is  required 
for  each  machine.     If  220  volt,  instead  of  no  volt  lamps,  are  em- 


No  I  Machine 
FIG.      I — SIMPLE 
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I  tin-  bus  lamp  may  be  omitted,  but  in  this  case  an  interlock 

I  be  provided  (similar  to  thai  in  Figs.  3  and  4,  or  of  some 

other  kind  1.  so  that  it  would  be  impossible  to  produce  a  short  circuil 

by  throwing  one  switch  to  one  bus  and  another  switch  to  the  other 

If  a   synchroscope   is   used,  an   extra   connection   is   required, 

unless  the  running  circuil   is  lefl   permanently  closed.     This  is  il- 

jtrated  in  Fig.  2,  where  the  receptacle  is  shown  in  the  form  of 

a  two-pole,  single-throw  switch.     This  is  necessary  because  there 

ircuits  to  be  connected  to  the  synchroscope.     If  any  form 

icle  is  used  instead  of  a  switch,  and  there  is  only  one  plug 

fit  the  receptacle,  there  is  no  danger  of  a  short-circuil  resulting 

Mentally  making  connection   to  more  than  one  machine 
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ne  lamj'  lamps  quired)  may  also  be  used  by  connecting 

•  d  by  th<  In  thi  re  required 

:he  Ian 

Similarly  if  any  other  form  of  mechanical  interlock  is 
ingle-throw  switch  or  it-  equivalent 
■pole    push    button    ran    be    used,    if 
it  I  pring  which  keeps  the  contacts  open  except  when  the 

rator  holds  them  ■  No  extra  contacts  are  required   for 

a  lam;  pair  of  lamp  with  the  synchroscope  as  in  Fi#.  2 ; 

but  if  a  lamp  is  •  d   for  each   incoming  machine,  an  extra 

terminal  uired  on  the  switch  or  receptacle,  as  illustrated  in 

If  the  blade  or  other  connector  is  long  enough  to 

make  I  .it  may  be  connected  as  in  Fig.  $a,  where  tin- 

left   hand   blade   of   each   switch   connects   both    the   lamp   and    the 
pe  to  the  transformer  on  the  incoming  circuit.     Other- 
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3.     .}     (a)     AM"     (b) — SYNCHRONIZING    CONNECTIONS    EMPLOYING 
SYNCHROSi  OPE  AND  LA] 

These  two  connections  do  not  provide  for  interlocking  of  the  synchro- 
nizing circuits  againsl  accidental  short-circuit  through  closing  the  two  syn- 
chronizing switches  at  once. 

In  (a),  special  two-polo,  single-throw  synchronizing  switches  are  indi- 
cated,  the  left  hand  blade  making  two  contacts. 

In  (&),  a  corresponding  three-pole,  single-throw  type  of  switch  is  in- 
dicated. 
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FIGS.    4     (a)     AND     (b) — SYNCHRONIZING     CON  NECTIONS     EMPLOYING 
SYNCHROSCOPE   AND   LAMPS 

These  two  connections  show  methods  of  interlocking  the  synchronizing 
circuits  against  possible  short-circuit  through  closing  of  two  switches  at 
once. 

In  (a),  double-throw  switches  corresponding  to  those  of  Fig.  3  (a)  are 
used,  while  in  (b),  double-throw  switches  corresponding  to  those  of  Fig.  3 
(b)   are  indicated. 
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wise  .!  three-pole  device  maj  be  employed,  as  in  Fig.  .}/>.  As  in 
tin  case  of  E\ig.  2,  the  connections  of  Figs.  3a  and  b  are  safe  if 
there  is  no  possibility  <>f  closing  two  switches  a1  the  same  time. 
Otherwise  a  double-throw  switch  may  be  used,  as  in  Figs.  4a  and  b. 
It  is  then  impossible  to  conned  to  more  than  one  incoming  circuit 
at  a  time.  In  Fig.  4<;  the  special  two-pole  switch  corresponds  to 
the  switch  in  Fig.  3a,  and  in  Fig.  4/'  the  switch  corresponds  to  the 
in   Fig.  3/'. 

The  switches  in  Figs.  1  to  4  have  been  shown  to  illustrate 
the  principles,  rather  than  t<>  show  the  kinds  of  plugs  and  recep- 
tacles that  are  commonly  used.  The  actual  receptacles  in  most 
common   use   are   illustrated   in    Fig.    5a,   />,  and   c.     For   example, 

the  receptacle  and  plug  in  Fig.  so 

are  commonly  used  by  the  <  ren- 

<>  cv  eral   Flectric  Company  on  their 

0  ^o    .'  A  switchboards    for   synchronizing 

»»-     "^fajr'tr-        "zHzJ^T    between    two   machines   as   indi- 

cated.      When  the  plug  for  th< 
00  o  incoming  machine  is   inserted  it 

00  6      6  connects  the  transformer  to  the 

left    hand    terminal    of    the    re- 
ceptacle, and    thence   to   the    in- 
CCj)         (o)  coming   circuit   of   the   synchro- 

£+L         7^  scope.      When  the  plug  for  the 

running   machine    is    inserted    it 
)  AND  (o-r.KTAii.s  ok  connects  the  transformer  to  the 

or   running  circuit  of   the   synchro- 
LES  scope.        Similarly     other     uses 

for  the  plugs  and  receptacles 
in  Figs.  50  and  b  are  at  once  evident,  as  outlined  in  the  preceding 
paragraphs.  Again,  the  plug  and  receptacle  most  commonly 
used  by  the  Westinghouse  Electric  &  Mfg.  Company  is  illus- 
trated in  P"ig.  5c.  It  <  of  two  sets  of  contacts,  each  set  hav- 
ing three  contact  points,  which  are  connected  to  each  other  by  in- 
serting the  plug.  It  can  be  used  for  any  of  the  connections  indi- 
cated in   Figs.    1    to  4. 

In  some  cases  it  is  1  to  make  it  impossible  to  close  an 

electrically  operated  switch  without  inserting  the  synchronizing 
plug  in  the  receptacle  for  that  switch.  In  such  cases  an  extra 
pair  of  contacts  is  added  to  the  receptacles,  and  the  closing  coil 
of  the  electrically  operated  switch  is  connected  in  series  with  these 
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contacts.  In  other  cases  two  synchronizing  plugs  are  provided, 
one  with  the  contact  tor  the  incoming  circuit  only,  and  the  other 
with  the  contact  for  the  running  circuit  only.  These  plugs,  with 
one  contact  each,  arc  used  for  synchronizing  between  machines  in 
certain  cases,  as  illustrated  in  sonic  of  the  diagrams  that  follow. 
The  plug  and  receptacle  represented  in  Fig.  $c,  or  some  modifica- 
tion of  it,  has  been  used   in   these  diagrams.     The  diagrams  are 
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FICiS.  6,   7,   8  ANT)  Q — STANDARD  MONS    FOR   SYNCHRONIZING  TO    SINGLE   BUS 

The   connections   shown    dotted    in    Fig.   9   are    used    where    lamps    are 
mounted  with  the  synchroscope  on  swinging  bracket  at  end  of  switchboard. 

along  the  lines  indicated   in  Figs.    1  to  4,  and  give  the  complete 
connections   for  the  more  common   requirements. 

SYNCHRONIZING  TO  SINGLE  BUS 

For  synchronizing  with  lamps  only,  the  connections  are  given 
in  Figs.  6  and  7.  If  the  voltage  h  so  low  that  transformers  are 
not  required  Fig.  6  is  employed.  With  this  arrangement  there 
is  no  connection  between  any  bus-bar  and  the  corresponding  ma- 
chine lead  except  through  a  lamp.  It  is  desirable  to  have  such 
an  arrangement,  because  in  case  of  a  partial  ground  the  receptacles 
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might  otherwise  be  required  i<>  carrj  current  larger  than  their  ca 
\11    the    subsequent    diagrams    are    similarl}     arranged, 

where  there  are  no  trans- 
formers. In  Fig.  7  and  all 
subsequent  diagrams  in  which 
transformers  are  shown,  one 
side  of  each  transformer  sec- 
ondary is  a  >nnected  to  a  com- 
mon ground.  This  simplifies 
the  \\  iring  and  the  switching 
apparatus,  and  avoids  the 
possibility  of  a  high  voltage 
existing  between  windings  of 
the  synchroscope  due  to  leak- 
age from  the  high-tension 
le  of  the  transformers.     H.urv-  ,v;  and  9  correspond  to  Figs.  6  and  7, 

where  a  synchroscope  is  used.    The  lwqitncle  in  Fig.  8  has  an  extra 
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the  single  bus  connections  of  Figg.  6,  7,  H  and  9,  re- 
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pair  of  contacts,  so  as  to  avoid  connection  from  any  bus-bar  to  any 
machine  lead  except  through  a  lamp.  The  synchroscope  is  ordin- 
arily wound  for  [10  volts.  If  it  is  to  be  used  on  a  .somewhat 
higher  voltage-  say  440  volts— -it  is  not  necessary  to  provide  more 
than  two  voltage  transformers  for  any  number  of  machines  to  be 
synchronized,  if  the  connections  are  as  illustrated  in  Fig.  10.  One 
of  the  transformers  may  be  replaced  by  an  auto-transformer,  but 
in  the  other  transformer  the  primary  circuit  must  he  insulated 
from  the  secondary.  Otherwise  there  would  he  a  direct  connec- 
tion between  one  of  the  bus-bars  and  one  of  the  machine  leads. 

SYNCHRONIZING    FOR   DOUBLE    BUS   SYSTEM 

The  connections  of  Figs.  11  to  15  correspond  to  those  of 
Figs.  6  to   10,  but  are  adapted   for  use  where  each  machine  may 

be  connected  to  cither  of  two 
buses.  In  Figs.  13  and  15  two 
kinds  of  plugging  devices  are 
used — one  to  connect  from  the 
bus-bars  to  the  running  circuit 
of  the  synchroscope  and  the 
other  from  the  machines  to  the 
incoming  synchroscope  circuit. 
The  extra  connections  are  re- 
quired, as  heretofore,  for  in- 
sulation. In  the  other  dia- 
fig.    15— simplified    low-voltage    con-  grams  for  double  bus  systems 

„  ,       N"         s,     ,,    ,  only  one  plug  is  to  be  inserted 

ror  synchronizing  to  <1«  >nl  >1 1-  bus  sys-         " 
tem,   corresponding   to   the   single    bus  for    any    synchronizing    opera- 
connection  of  Fig.  10.  tj,,n  .  eacn  machine  has  two  re- 
ceptacles— one  for  one  bus  and  one  for  the  other. 

SYNCHRONIZING    BETWEEN    ANY    NUMBER    OF    MACHINES 

In  some  cases  there  are  no  low-tension  bus-bars  and  in  others 
the  buses  are  sectionalizcd.  It  is  ordinarily  better,  then,  to  syn- 
chronize between  machines  than  between  a  machine  and  a  high- 
tension  bus.  If  there  are  more  than  two  machines  to  be  synchro- 
nized, or  if  additions  are  contemplated,  so  that  eventually  there 
will  be  more  than  two  machines,  the  connections  should  be  as  in 
Figs.  16  to  20.  The  receptacles  in  Fig.  16  are  the  same  as  in 
Fig.  8.  These  are  the  ones  with  the  extra  contacts  that,  as  pre- 
viously mentioned,  are  sometimes  connected  in  series  with  closing 
coils  of  electrically  operated  switches.     The  plugs  in   Fig.    16  are 


*-  Si 


TVP 

bre-/IOV\     I    Y 


With  Lamps  and  Synchroscope 
V.'iih  Only  Two  Transformers 


THE  ELECTRh    JOURNAL 


the  same  as  in  Til;  8  with  one  ring  removed.  The  plug  shown 
the  right  in  Fig.  m>  has  the  ring  nearesl  the  handle  removed, 
and  the  one  .u  the  left  has  the  middle  vuv^  removed.  The  inner 
ring  of  the  diagram  of  the  receptacle  represents  the  ring  of  the 
receptacle  towards  the  handle  of  the  plug  that  is.  when  in  place, 
tov.  the  front  of  the  board.     The  outer  ring  in  the  diagram 

represents  the  ring  farthest    from   the   fronl   of   the  board.     One 
plug  of  each  kind  is  required.     In  Fig.   17  two  plugs  are  required 
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HR0NIZ1   .'.    BETWEEN    ANY 
MAI  111 
The   conm  ig.   ig  may  be  considered  'lard   for  large  in- 

re  the  low-tension  bus  nalized  or  omitted. 

but  tl  no  difference  between  them.     In  Fig.  [8  an  extra  four- 

eptacle  is   shown.     This   is  n  ry  to  make  the  "run- 

ni:  i         nnections  without  direct  connection  to  the  "incoming"  cir- 
cuil  'ne  plug   is    inserted   in   the    four-point   receptacle   of   the 

running  machine  and  the  other  ]»hi£  i-   inserted   in  the   six-point 
»f    the    incoming    machine      Fig.    [9  illustrates  the  use 
of  one  standard  receptacle   for  each  machine.     Two  plugs  are  re- 
quired,  one   with   only  the  rin^  nearer  the   handle,   and   the  other 
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with  only  tlu-  ring  farther  from  the  hand 


he  plugs  and  recep- 


tacles in   Fig.  20  arc  the  same  as  in   Fig.    [8. 

SYNCHRONIZING    BETWEEN    ONLY    TWO    MACHINES 

It  there  are  only  two  machines  t"  be  synchronized,  the  opera- 
tion is  simpler  than  if  there  arc  mure  machines,  because  onl)  one 
plug  is  to  be  inserted.  The  connections  arc  as  shown  in  Figs,  -'i 
to  25.  It  will  be  seen  by  comparison  thai  the  connections  and 
equipment  shown  in  these  diagrams  are  so  different  from  those  in 
Figs.  [6  to  J'l  that  if  additional  machines  arc  later  to  be  installed 
the  synchronizing  arrangements  should  conform  to  the  future  re- 
quirements.     With  the  connections  of  Figs.  2]  and  22,  it  makes  no 

difference  whether  the  plug  is 
inserted  in  the  left  or  right  hand 
receptacle.  In  Figs.  23  and 24 
the  right  hand  receptacle  is 
omitted,  and  the  connection- 
are  correspondingly  simplified. 
There  is  little  advantage  in 
having  the  two  receptacles  ex- 
cept to  make  the  panels  for 
two  machines  the  same.  In 
Fig.  25  it  is  desirable  to  have 
a  receptacle  for  each  machine. 
because  if  the  plug  is  inserted 
1  '■    to    44"  in  the  receptacle   for  the  run- 

VOLTS  .  ,    -  , 

ning  machine  the  synchroscope 
'I  he    connections    are    simplified    bv    .   :n        4   t       ■      ,\    '  r 

using  only  two  transformers.  _     Wl11 .  rotate    m    the    wronS    dl" 

rection. 
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With  Lamps  and  Synchroscopes — With 
Only  Two  Transformers 

I"..     20 — CONNECTIONS     FOR     SYNCHRONIZ- 
ED    BETWEEN      ANY     NUMBER     OF      MA- 


GENERAL 


The  foregoing  diagrams,  in  several  instances,  show  some  cir- 
cuits dotted,  or  indicate  other  possible  variations  that  are  explained 
in  the  individual  diagrams.  The  purpose  of  these  variations  is  to 
cover  as  nearly  as  possible  all  the  various  requirements  in  syn- 
chronizing, with  comparatively  \vw  diagrams.  The  voltages  for 
which  the  diagrams  are  adapted  depend  on  the  apparatus  indicated 
in  the  diagrams.  If  the  synchronizing  apparatus  consists  only  of 
plugs,  receptacles  and  lamps,  the  voltage  is  limited  by  the  plugs 
and  receptacles,  and  may  he  anything  up  to,  say.  440  volts.     If  a 
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1 10  volts.     If  suitable  voltage 


transformers  are  used  on  all 
circuits  there  is  no  limit  to  the 
voltage.  If  two  transformers 
are  used  with  the  synchro- 
scope, but  the  receptacles  are 
connected  directly  to  the  1 
and  leads,  the  voltage  is  of 
course  limited  by  the  recep- 
tac! 

Only  a   few  ty  re- 

ceptacles, and  only  one  type  of 
re  indicated  in 
the  diagrams,  but  there  should 
5  be  no  difficulty  in  adapting  the 
diagrams  to  other  forms  of  ap- 
paratus if  desired. 
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MOTOR-OPERATED  ROLL  LATHES 

E   M.  WISE 

IN  KEEPING  pace  with  the  dc  en!     :  rolling  mills  forever- 

increasing  tonnage,  and  the  conseque-  :tion  of  more  dur- 

able material  for  rolls,  the  lathes  for  finishing  the  rolls  have 
also  undergone  a  procc—     :  It  drive,  with 

ie  pulleys  giving  only  four  I  changes,  did  not  furnish 

enough  flexi":  ility  .  -    -  constant  speed 

motor  drive  with  either  chang     e       -      r  varia"  lis- 

sion  consisting  of  adjustable      aes  engaging  a  bell 
methods  were  found  v  ad  the        -     :  accepted  drive 

-  y  adjustable  speed  motors  giving  I  ing  distinct  advan- 
tages :— 

i — Maintenance  »st  is      --  than  by  vari  I  mechanical 

•  jn. 

2 — Less  time  is  required  for  sj  anges  than  by  an;      :'  :he 

methods   formerly  used.     When   a  hard   spot   is   reached,   such 
frequently  occurs  when  turning  on  the  nee    -  ::led  roll,  or  sur- 

face of  a  high  carbon  -  :an  instantly  be  re- 

duced, and  after  the  s]  ssed  can  again  be  increased  to  : 

mal  without  loss  of  time.*     If  desired  a  c  ler  can  be  arranged 

as  to  make  these  changes  automatically,  by  slowing  down  the 
motor  when  the  curre-  eeds  a  :iined  value. 

3 — The  ratio  of  gearing  between  the  motor  and  lathe  spir. 

-  ."ways  constant. 

4 — Motor  drive  in  general  has  the  advar.    g       I  g      og   r 
speed  by  which  the  lathes  can  be  backed  I  e  the  tension  on 

the  driving  spindle,  permitting  removal  of  the  roll  from  the 

lathe. 

The  selection  of  a  motor  for  a  roll  lathe  depends  on  the  varia- 
tions of  cutting  speeds  required  which,  in  turn,  depend  on  the  ma- 
terial in  the  rolls  to  be  turned,  as  follows : — 

i — Chilled  iron  rolls,  such  as  are  used  in  sheet  and  tin  plate 
mills,  are  turned  at  from  46  to  54  inches  per  minute. 

2 — C         -  -  used  in  blooming  and  roughing  mills  are 

turned  at  from  12  to  16  feet  per  minute. 

5 — Cast   iron   r  ..sed   on   structural    and   shape   mills,    are 

turned  at  from  16  to  20  feet  per  minute. 

In  addition  to  the  above  variations  : 


spots  that  :ard,  or  a  plain  sa:" 

show  the  same  condi:  The   is  -    eed    rr...  b? 

secured  when  passing  the  "gap       1  gap   rods  -  - 

- 
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ferent  materials,  the  facl  that  the  neck  bearings  of  the  rolls  in 
general  use  are  from  0.6  i"  0.8  times  the  diameter  of  the  body  of 
the  rolls  makes  an  additional  requirement. 

It  i-  evidenl  that  a  lathe  used  for  turning  cast  steel  rolls  only 
could  handle  quite  a  range  of  work  with  a  motor  having  a  speed  ad- 
stment  of  .}  to  1.  while  a  lathe  used  for  turning  both  east  iron  and 
chilled  ir<m  rolls  would  not  have  a  very  extensive  range  even  with 
a  motor  having  a  speed  adjustment  of  4  to  1.  The  general  prac- 
tice, however,  is  to  maintain  lathes  for  each  kind  of  foils.  The 
3  to  1  and  4  to  1  motors  usually  have  a  sufficiently  wide  range  to 
cover  their  respective  classes  of  work. 

If  a  lathe  i>  required  to  handle  a  very  great   range  of  work, 

such  as  in  a  manufacturing  plant,  it  is  equipped  with  a  double  gear 

notion    (a   high    and   a   low    speed)    controlled   by   a   jaw    clutch. 

With  this  arrangement  the  total  range  of  speed  adjustment  equals 


FIG.    I — ROLL  LATHE,   EQ1   IPPED   Willi    I  HANGE  GEAR   AM'  3  TO    I    VARIABLE   SPEED 
MOTOR,   GIVING   A    TOTAL    SPEED   RANGE   OF   ')   TO    I 


the  square  of  the  motor  adjustment;  that  is.  a  lathe  equipped  with 
a  3  to  i  motor  and  a  double  gear  reduction  ha-  a  9  to  i  total  range 
of  adjustment.  For  example,  assume  a  lathe  equipped  with  a  mo- 
tor running  at  400  to  1  2'<o  r.p.m.  and  having  a  maximum  gear 
ratio  of  800  to  1.  On  low  gear,  such  a  lathe  would  run  from  y2 
to  i1  j  r.p.m  by  field  adjustment  :  by  stopping  the  motor  and  throw- 
ing in  the  high  gear  with  a  gear  ratio  of  270  to  i.  the  lathe  would 
run  from  Tj  to  4'_.  r.p.m.,  making  the  total  variation  9  to  1,  and 
double  the  changes  of  -peed  provided  for  by  contacts  on  the  con- 
troller. 

It  i-  advisable  to  have  the  motor  run  at  as  high  a  speed  as  is 
consistent  with  good  commutation  and  smooth  running  of  the  mo- 
tor pinions;  by  using  rawhide,  a  maximum  pitch  line  speed  of 
25        feet  per  minute  can  he  employed   with   good   results.     High 
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motor  speed  permits  greater  gear  reduction,  giving  steadier  turn- 
ing movement  and  tending  to  eliminate  the  chattering  of  the  tool 
when  cutting. 

The  most  common  sizes  of  roll  lathes,  designated  by  the  maxi- 
mum diameter  that  will  swing  clear  of  the  tool  rests,  are  26,  32,  36, 
42,  50  and  60  inches,  requiring  motors  varying  from  7  to  30  horse- 
power.    The  60-inch  lathe  will  turn  the  largest  roll  used. 

A  roll  lathe  differs  widely  from  the  ordinary  engine  lathe,  hav- 
ing neither  carriage,  ways  nor  cross-slide.  Broad  flat  cutting  tools, 
from  3  to  6  inches,  for  cast  iron  and  cast  steel,  are  securely  clamp- 
ed in  position  on  the  tool  bed.  directly  in  front  of  the  roll  to  he 
turned.  The  tool  is  backed  by  a  screw  and  is  forced  into  the  roll 
by  a  long  handled  wrench.  As  the  lathe  is  not  equipped  with  a 
longitudinal    feed,  the  material   is  cut   from   the   rolls   in   bands  the 


FIG.    2 — CONTROL    MECHANISM    AND    GEARING    OF 
MOTOR    OPERATED    ROLL    LATHE 

width  of  the  cutting  tool,  which  must  be  reset  for  every  band;  for 
example,  in  turning  a  roll  with  a  body  eight  feet  long,  using  a  tool 
six  inches  wide,  the  tool  would  have  to  be  reset  not  less  than  six- 
teen times  to  take  off  a  cut  the  full  length  of  the  roll.  Chilled  rolls 
are  turned  in  a  similar  manner,  except  that  the  width  of  the  tool 
varies  from  6  to  12  inches,  and  the  cut  is  very  fine. 

In  a  test  made  on  a  26  inch  roll  lathe  with  one  3-inch  tool  while 
turning  a  10-inch  cast  steel  roll  containing  0.6  percent  carbon,  the 
motor  took  25  amperes  on  a  230  volt  circuit,  or  approximately  7.7 
horse-power  input.  On  the  same  lathe  with  a  6-inch  tool  with  the 
same  sized  roll  of  chilled  iron  the  motor  took  10  amperes,  or  ap- 
proximately 3.1   horse-power  input. 

In  a  test  made  on  a  50-inch  roll  lathe  with  two  5-inch  tools, 
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equipped  with  a   14  horse-power,  400  to   1  200  r.p.m.,  adjustable 

ed,  commutating  pole  motor,  while  turning  a  26-inch  diameter 

si   steel   roll  of  0.7  percent  carbon,    [80  amperes  on  a  230-volt 

circuit,  or  approximately  55  horse-power  input,  was  required.    This 

load  was  excessive,   being  practically  300  percent  above  capacity 

and  the  lathe  had  to  be  shut  down   frequently   in  order  to  let  the 

motor  cool  oft",  although  the  commutation  was  entirely  satisfactory. 

A    test   made   on   a  60-inch   roll   lathe   with   two   5-inch   tools, 

which   was  equipped  with  a  25  horse-power,   560  to   1  120  r.p.m., 

adjustable  speed,  shunt  wound  motor,  while  turning  a  28-inch  roll 


FIG.   3 — LATHF.   TOOL  AND  TOOL   HOLDER   USF.D   ON 
ROLL    LATHKS 


of  cast  steel,  cutting  at  sixteen  feet  per  minute,  indicated  that  210 
amperes  on  a  230-volt  circuit,  or  approximately  63  horse-power 
input,  was  required.  The  material  removed  from  the  roll  was  415 
pounds  in  twenty  minutes.  This  motor  also  developed  consider- 
able heat. 

The  work  on  a  roll  lathe  is  slightly  intermittent;  for  instance, 
there  is  an  interval  of  from  three  to  ten  minutes  every  hour  for 
setting  and  grinding  tools.  The  maintenance  cost  of  brushes  and 
armature  of  the  motors  used  in  the  above  tests  was  very  high  as 
a  result  of  the  fact  that,  in  the  majority  of  cases,  the  motor  was 
not  large  enough  for  the  work  required. 


THE  CARE  OF  MACHINERY 

G.  D.  OTTAWAY 

IN  the  equipment  and  operation  of  an  industrial  or  manufacturing 
works  of  any  magnitude  comprising,  as  it  frequently  does,  some 
thousands  of  machine  tools,  there  is  apt  to  he  a  general  tendency 
to  get  into  a  slipshod  way  of  treating  machinery.  There  is  no 
reason  for  such  an  attitude,  as  each  tool  or  piece  of  machinery 
usually  has  someone  whose  duty  it  is  to  give  it  his  daily  attention 
on  production.  Anyone,  who  has  been  closely  associated  with  the 
purchase,  installation,  upkeep  and  final  disposal  of  shop  equip- 
ment for  a  number  of  years,  knows  that  in  general  there  is  a  strong 
tendency  toward  negligence  on  the  part  of  shop  men,  and  accord- 
ingly a  few  suggestions  will  be  offered,  particularly  to  those  who 
are  directly  or  indirectly  responsible  for  the  upkeep  of  equipment, 
which,  if  applied,  will  both  tend  to  decrease  the  initial  outlay,  and 
will  also  increase  the  efficiency  and  market  value  of  the  apparatus. 

In  purchasing  new  machinery  do  not  order  useless  accessories. 
Machine  tools  are  like  an  automobile  in  one  respect,  viz.,  that  there 
are  a  large  number  of  accessories  which  the  supplier  is  only  too 
willing  to  include,  if  not  told  specifically  that  they  are  not  required. 
It  behooves  everyone  connected  with  the  purchase  of  new  ma- 
chinery to  familiarize  himself,  through  the  medium  of  catalogs, 
for  instance,  with  equipment  that  may  or  may  not  be  included 
with  any  specific  machine,  as  such  accessories  will  often  raise  the 
cost  to  fifty  percent  more  than  that  of  the  bare  tool.  One  has 
only  to  walk  around  any  large  manufactory  to  find  hundreds  of 
dollars'  worth  of  equipment  so  ordered,  a  large  proportion  of  which 
has  hardly  ever  been  used.  After  it  is  once  purchased  the  manu- 
facturer will  not  allow  very  much,  if  anything,  for  the  return  of 
such  equipment,  so  that  it  is  practically  a  dead  loss  except  when 
finally  sold  to  a  second  hand  dealer. 

Do  not  order  high  grade  apparatus  when  low  grade  will  do. 
It  is  folly,  for  instance,  to  order  a  high  grade  milling  machine  for 
milling  a  substance  like  soapstone,  the  dust  from  which  is  highly 
detrimental  to  the  wearing  parts  of  the  machine.  Another  item, 
too,  that  is  not  given  enough  attention,  is  the  question  of  refine- 
ments. It  is  a  waste  of  money  to  order,  for  instance,  a  milling 
machine  with  all  power  feeds,  when  the  only  one  that  will  ever  be 
used  is  the  longitudinal  feed.  It  is  poor  economy  to  order  a  fully 
equipped  engine  lathe  with  all  change  gears,  when  it  is  only  in,r 
tended  to  do  plain  turning,  for  which  a,  stud  lathe  would  suffice. 
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Iv.  the  care  and  upkeep  of  machine  tools,  one  of  the  most)  neg- 
lected features  is  oiling.  It  is  no  infrequent  thing  to  come  across 
a  machine  in  which  the  oil  holes  arc  completel)  choked  with  dirt 
and  grease.  Sometimes,  too,  the  manufacturer  has  neglected  to  drill 
the  oil  hole  entirely  through  the  shell  to  the  bearing;  but  this  can 
quickly  be  detected  if  a  systematic  system  of  oiling  is  followed. 
It  i-  good  economy  to  be  a  little  too  liberal  with  oil,  especially 
on  new  apparatus.  When  first  starting,  a  lighl  oil  should  he  run 
through  the  bearings,  t<>  wash  <>nt  the  grit,  etc.,  which  has  entered 
in  transit  from  the  factory.  Follow  this  with  machine  oil  and  run 
light  for  several  hours  before  putting  a  job  on  the  machine. 

In  most  factories  it  is  necessary  to  devote  ?0  minutes  or  more 
once  a  week  to  cleaning.  In  a  large  percentage  of  cases  this  means 
-imply  "a  lick  and  a  promise."  The  writer  has  seen  machines 
being  -old  second  hand  which  had  one-eighth  inch  of  dirt  and 
on  -.me  parts,  showing  that  there  had  never  been  a  good 
and  thorough  cleaning.  Apart  from  the  effeel  on  accuracy  during 
service,  a  conditi  »n  like  this  considerably  depresses  the  second  hand 
value.     In  operating  machine-,  one  of   the  most   useful   requisites 

'horse  sense."  It  i-  a  common  occurrence  to  come  across  drill 
pres  n  which  the  table  is  fairly  honey-combed  with  holes  where 
a  careless  operator  ha-  allowed  his  drill  to  go  through  the  work 
into  the  table.     A  packing  block  or  a  pair  of  parallels  under,  the 

rk  or  jig  would  eliminate  the  chance  of  such  damage.     Another 

imon  practice  i-  to  tighten  hinder  handles  with  a  hammer,  with 
the  result  that  they  soon  break  and  have  to  be  replaced.  There  is 
certainly  no  nee  for  tin-   as  the  designer  of  the  tool  has  al- 

lowed for  average  power  to  he  applied,  and  has  undoubtedly  made 
the  handle  with  sufficient  leverage  to  t ran -mit  the  necessary  tension 
or  compression.     The  same  remarks  apply  to  the  practice  of  in- 

:t-ing  the  leverage  by  slipping  a  pipe  over  the  end  of  a  wrench 

;  i  tighten  nut-,  which  practice  aim*  st  invariably  results  in  break- 

The  beds  of  lathe-  are  also  apt  to  he  subjected  to  a  large 

amount  of  abuse,  as  they  are  frequently  used  a-  pounding  blocks, 

cleaning  out  files,  and  a  number  of  other  purposes,  all  of  which 
leave  nick-  and  dent-  along  the  ways,  and  render  them  unfit  for 
accurate  service.  In  one  case  a  drilling  machine  had  several  ad- 
justable head-  held  in  the  desired  location  by  a  clamp,  and  if  it 
wa  red  to  move  one  of  the  heads,  all  that  was  necessary  was 

10  loo-en  the  clamp,  -lide  the  head  to  the  desired  position  and  again 
tighten  the  clamp.     The  operators  would  only  partially  loo-en  the 
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ciamp  and  would  pound  the  head  along  the  cross  rail  with  a  ham- 
mer to  the  desired  location,  with  the  result  that  the  heads  were 
continually  being  broken.     It  was  not  until  one  operator,  brighter 

tlian  his  fellows.  suggested  the  use  of  a  screw  and  mi!  to  move  the 
head  to  the  desired  location  that  the  trouble  was  eliminated. 

It  should  he  borne  in  mind  also  that  ultimately  apparatus  has 
to  he  disposed  of,  preferably  by  sale,  and  that  all  the  care  bestowed 
upon  it  enhances  the  second  hand  value.  Due  to  the  difference  in 
the  class  of  help,  too.  a  production  machine  is  frequently  more 
neglected  than  one  in  tool  room  work,  and  this  has  the  effect  of  con- 
siderably shortening  the  life  of  the  machine.  In  these  days  of  in- 
tensified production,  this  condition  is  repeatedly  made  the  excuse 
for  tools  having  to  be  discarded  after  a  very  short  life:  but  this  is 
not  always  the  real  reason,  for  we  have  seen  machines  from  tool 
rooms  disposed  of  which  were  still  in  such  good  condition  after 
20  years  of  service  that  they  brought  considerably  more  than  sera]) 
price,  and  simply  because  they  had  been  given  intelligent  attention, 
'fhe  old  time  machinist  and  apprentice,  alike,  took  a  pride  in  keep- 
ing his  machine  shining  and  in  good  accurate  condition,  and  vied 
with  his  fellows  in  this;  hut  this  feeling  seems  no  longer  to  exist, 
and  the  cause  is  not  apparent.  The  equipment  pertaining  to  the 
machine  should  preferably  be  kept  adjacent  to  it.  in  a  cupboard  if 
possible,  and  not  left  around  in  imminent  danger  of  being  broken, 
or  carted  to  the  scrap  pile  in  one  of  the  periodical  cleaning  up 
days,  in  which  most  shops  indulge.  Even  though  such  equipment 
may  be  worn  considerably,  it  is  well  worth  while  when  the  time 
comes  that  it  is  desired  to  dispose  of  the  apparatus  second  hand. 
Idle  first  question  the  prospective  buyer  is  likely  to  ask  is,  "What 
equipment  have  you  pertaining  to  this  apparatus"?  Tt  is  needless 
to  say  that  machinery  should  not  be  allowed  to  get  inaccurate  or 
worn  without  being  sent  to  the  repair  department  for  overhauling. 

The  foregoing  remarks  also  apply,  in  general,  to  upkeep  and 
use  of  jigs  and  fixtures.  It  is  common  practice  for  some  operators 
to  return  jigs  to  the  tool  room  with  hardly  any  cleaning,  even  after 
they  have  been  used  with  water,  with  the  result  that  rust  and  in- 
accuracy are  soon  very  much  in  evidence.  Tt  take-  but  a  few  min- 
utes to  clean  these.  Why  is  it  neglected?  'fhe  only  sure  method 
of  remedying  such  evil-  i-  by  a  heartier  cooperation  between  work- 
men and  foremen  and  an  earnest,  united  effort  towards  the  conser- 
vation of  efheienev  of  machinery. 
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Our  readers  are  invited  to  use  this  department  for  obtaining  information 
on   electrical  and   mechanical  subjects.     The  topics  should  be  of  general  in 
terest  and  of  the  kind  that  can   be  treated  briefly.     Each  inquiry  should  be 
accompanied  by  a  stamped  return  envelope. 

Address  all  questions  to  The  Journal  Question  Box,  care  of  The  Electric 
Journal,  200  Ninth  Street,  Pittsburgh,  Pa. 


753 — Re-arrangement  of  Generator 
Equipment — We    have    a    75    kw, 
125  volt  direct-current  generator, 
and   a    ioo   k\v,   600   volt    three- 
phase     25     cycle     generator     di- 
rect-coupled  t"  a  200  hp  gas  en- 
gine,  one   machine   being  located 
on     each     side     of    the     engine. 
Will      it      he      practical      to      re- 
arrange   the    apparatus    so    thai 
both    generators   will   he   located 
side    of    the    engine    and 
have    a    friction    clutch    between 
them  and  the  engine?     If  so,  we 
uld  then  start  up  with  the  gas 
gine    and    put    the    alternating- 
current  machine  on  the  line  as  a 
rnchronous    motor    and    let    it 
drive    the    direct-current    genera- 
tor;    then,     after     throwing     out 
the    clutch,    we    could     shut    the 
engine    down.      We    have    plenty 
alternating-current  power,  but 
are      short     on      direct-current 
wer.      Will    the    100   k\v    alter- 
nating-current     generator      run 
satisfactorily    as    a    synchronous 
m  •    (*jo   volt,   three-phas 

cycle   power   from   generators 

driven  by  gas  engines,  or  will  it 

•  <|uip    the    re- 

the   100  kw  gen- 

rator     with     copper     bars     and 

short-circuiting      rings      to      cut 

down    the    hunting    effect"' 

w 
If     the     mechanical    strength    of 
the   shaft  and  the  arrai  I    of 

hearings  are   suitable,  there   should 
he    ■  the 

change  in  arrangement  of  appar- 
atus ted.  For  example,  if 
the  se*  be  used  as  at 
eneration  of  both 
alternating  and  direct  -  current 
power  up  to  the  capacity  of  the 
engine,  there  would  of  course  be 
-eased  torsional  stress  in  the 
shaft  with  the  apparatus  located 
all  on  one  side  of  the  engine;  this 
would      be      minimized      if      there 


were  a  bearing  on  each  side  of  the 
engine,  as  is  probably  the  case.    As 
regards    the    electrical    features    of 
the  proposed  method  of  operation, 
it   may   be   stated   that,   in   general, 
the  use  of  dampers  is  advisable  in 
the     case     of     either     .^as     engine 
driven   alternators   or   synchronous 
motors.     If,   however,   the   present 
alternator     operates     satisfactorily 
with    the    other   alternators   of   the 
system   without    the   use   of   damp- 
ers,    it    probably   would   also   give 
good     service     as     a     synchronous 
motor.       Under    the    new    arrange- 
ment   it    would    be   well   to   try   the 
alternator      without      dampers;      if 
found    necessary    they    could    later 
be   added.      The    operation    of   gas 
engines  in  connection  with   gener- 
ators   of    capacities    such     as    the 
total    in    the    present    case    is    such 
that   satisfactory  results   ordinarily 
are    obtained    as     regards    regula- 
tion,    although     there     would     no 
doubt  be  noticeable  voltage  varia- 
ns  due  to  the  cyclical  variations 
of  crank  effort  of  the  engine.     This 
ct     is     ordinarily     kept     within 
satisfactory  limits  by   the  use  of  a 
suitable  fly-wheel.     The  design  of 
alternators   is   ordinarily   such   that 
their     inherent      synchronizing 
power     is     sufficient     to     maintain 
them     in     step    under    usual    oper- 
ating condition-,  even  witli  gas  en- 
gine   drive.       Dampers,    applicable 
in    case    of    hunting,    or    to    prevent 
it.   serve  to  increase   the   synchron- 
izing pov.  .vs.  and  E.D.D, 
754 — Transmission     Line     Capacity 
and     Self-induction  —  a  —  How 
does     line     capacity     affect     the 
phase    relation    between    the 
e.m.f  and  current'-'      What   is  the 
exact   meaning  of  line   capacity? 
b — What  device  can  be  connect- 
ed to   a   line   to   partly   neutralize 
its    self-induction?      c — A    roil    of 
wire  wound  on  an  iron  ring  has 
a  resistance  of  five  ohms  and  an 
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inductance  of  0.5  henry;  the  im- 
pressed e.m.f.  is  100  volts  ami 
the  frequency  30  cycles  per  sec- 
ond. What  current  will  Bow 
through  the  coil?  Please  show 
the  method  of  figuring,  d — A 
sixty  cycle  alternator  is  con- 
nected to  a  circuit  having  an  in- 
ductance of  0.08  henry  and  a  re- 
sistance of  15  ohms.  What  volt- 
age must  be  supplied  by  the  al- 
ternator to  force  a  current  of  15 
amperes   through   the  circuit? 

G.w.s. 

a — The  effect  of  line  capacity  is 
to  cause  the  line  to  draw  a  lead- 
ing current  from  the  generating 
system — that  is  a  charging  cur- 
rent to  "fill  up  the  line"  with  elec- 
tricity during  each  alternation.  If 
the  circuit  is  of  low  voltage  and 
of  moderate  length  the  charging 
current,  which  is  90  degrees  in  ad- 
vance of  the  voltage,  represented 
vectorially,  is  very  small  and 
would  have  no  appreciable  effect 
on  the  total  current.  If,  on  the 
other  hand,  the  voltage  is  high 
and  the  line  long  the  charging 
current  ma}',  in  some  cases,  be- 
come comparable  to  the  load  cur- 
rent and  so  increase  the  total  cur- 
rent, b — Theoretically  a  condenser 
or  a  synchronous  motor  over- 
excited will  take  a  leading  cur- 
rent and  so  neutralize  some  of  the 
f  of  line  self-inductance.  Line 
self-induction  itself  cannot  be  neu- 
tralized. A  line  is  electrically  elas- 
tic as  though  the  wire  were  re- 
placed by  an  elastic  rubber  tube  and 
the  electricity  by  a  fluid.  When 
the  pressure  of  this  fluid  is  in- 
creasing there  will  be  a  flow  of 
current  into  the  tube  to  expand  and 
fill  it.  When  the  pressure  reaches 
a  maximum  the  tube  will  be  ex- 
panded and  full  and  consequently 
there  will  be  no  flow  of  current. 
As  the  pressure  reduces  there  will 
be  a  reverse  flux  as  the  tube  con- 
tracts. This  flow  of  fluid  is  en- 
tirely independent  of  the  flow  in 
the  electric  circuit  required  to  do 
the  work  at  the  receiving  end,  such 
as  running  the  motor,  c — The  coil 
of  wire  referred  to,  having  five 
ohms  resistance  and  0.5  henry  in- 
ductance would,  with  100  volts,  30 
cycles,  carry  current  as  follows: — 
The    impedance   i.  e.,   combined  in- 


ductance and  resistance  is  deter- 
mined     thus,  —  Imp.  = 

\  k:l4r  .v  l-, 
1 1  R  :  =  5  N  =  30  L  =  0.5,  then,  Imp. 
=  V  25  1  8883       <;4-4- 

.  Volts,  100 

Amperes     =     ,  , 

I  mpedance  94  1 

=  1.06.  d — This  case  is  similar  to 
the  aboA  e.  Volts  :  Impedance  x 
Amperes;  then.  Imp.  = 

VRM-4^  .V  I., 
as  before.  R  =  15.  Amp.  =  15. 
N  =  6o,  L  =  o.o8.  Imp.  =  V225  +  910 
=  33-6,  Volts  =  33.6x15  =  504.  The 
above  voltage  is  necessary  to 
force  15  amperes  through  the  cir- 
cuit described.  R.P.J. 
755— Apparatus  for  Recording  Tele- 
phone Conversations — The  fol- 
lowing  apparatus  is  proposed  as 
a  means  of  recording  conversa- 
tions over  the  telephone.  Con- 
sidering a  telephone  instrument, 
splice  an  additional  receiver  H 
on  the  receiving  line;  place  B 
over  the  mouth  piece  of  a  dicta- 
phone, and  what  is  received  over 
the  line  will  be  recorded.  Is 
this  commercial?  One  difficulty 
is  that  the  record  cannot  be  filed 
away  and  reproductions  are  avail- 
able only  as  long  as  the  wax  cyl- 
inders are  kept.  The  natural 
question  is  then,  "Cannot  the 
conversation  be  transcribed  on  a 
typewriter?"  Yes,  but  this  tran- 
scription is  worthless  as  evi- 
dence. I  have  been  trying  to 
find  a  way  to  make  this  record 
on  paper  or  on  files  which  would 
cost  less  than  five  cents  apiece. 
It  may  be  that  there  is  a  way  to 
make  an  impression  in  perma- 
nent material  from  a  flat  wax 
record.  This  process  could  be 
handled  by  an  office  assistant  and 
not  be  expensive.  Do  you  know 
of  any  book  or  literature  treat- 
ing of  making  permanent  rec- 
ords  from  wax  impressions? 

A.H. 

Telephone  receivers,  as  usually 
connected,  reproduce  both  ends  of 
the  conversation,  but  it  is  doubt- 
ful whether  an  intelligible  phono- 
gram could  be  produced  in  the 
manner  you  describe,  even  under 
the  most  favorable  conditions. 
The  amplitude  of  the  vibrations 
of  a  telephone  receiver  diaphragm 
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II    and    would    hardly 

n  appreciable  effecl  upon 

I    the   dictaphone. 

nograph 

limenl     t.»    the 

circuit      have     already 

["here    •■  the 

P<  Telcgraphone"  or  "  I 

ph"    which     n  the 

ibrations  magnetically  upon 

ord  and  which  is  by  far 

the   in  siti>  i-   instrument    for 

this  purp<  In  busi- 

Is   need   be 
nly  until  they  are  confirmed 
in  writing.     A  very  small  percent- 
will  be  of  permanent  \  alue,  and 
-till    smaller   percentage   it'   it    is 
lly     understood     that     tele- 
phonic conversation  may  be  record- 
will.     A  complete  record  of 
nic      train      dispatching      or 
Is  might  be  required  for 
twenty-four  hours,  after  which 
they  could   be  effaced  had   nothing 
unn<ual    b<  rded.      Flat    wax 

can     be     made,     but 
their    r  n     in     permanent 

material     involves     expensive     ma- 
chineryand  t  operatives.     We 

know  of  n  ing   of  this 

it.: 
756 — Inverted   Current   Transform- 
ers   Used    in    Calibrating    Watt- 
meter—Within   what    limits    can 
th<  and  phase  trans  for  ma- 

inverted  current 

Would 

an    arrar  .vn 

•n  ght   for   a 

p'  a    too  am- 

tmeter  having 

und  for  too  am- 

tandard 

in  t    <,n    hand    v. 

tating  stand- 

... 

th   a  rat 

•it   trar  annot 

rough- 

I 
pril,   1910.     In 

the 

then  olution  which 

■ 
n.     in     which     tin 
cha- 

Where  only 
-natinu    current    i~    involved,    if 
there      are      tv. 


transformers  available,  one  can  he 
used  for  transforming  the  current 
up  to  the  meter  on  test  and  the 
other   for  again   stepping   down   to 


No.   T.".c    1 ., ,   and   I  b  1 
the    standard.       \\  ith    this    Ci  nincc- 
tioii.  illustrated  in    Fig.  J5<>   (b),  the 

ratio    of    the    step-up     transformer 
does  not  affect  the  acuracy  of  the 

H.B.T. 

757 — Flux  for  Use  in  Electric  Arc 
Welding  -Referring  to  article 
on  "  \rc  \\  elding"  in  the  Jour- 
1.  for  January,  '08,  pit  ase  ad- 
vise it"  any  fluxes  are  used  in 
this  method  of  arc  welding,  and 
if  so,  whether  their  composition 
ret.  o.i'.i.. 

This    subject    was   also   treated   in 
ubsequent   article   appearing    in 
the   Journal    of   the   American    So- 
;.    of  Mechanical   Engineers  for 
January.    IQI2,    p.    51.       Under    the 
heading    "Filler   and    Flux,"   p.   55, 
folio  win 
"101  11    welding   steel    and    wrought 

the    filler    may     be     ■■■■<     v>   1  wa 

boiler    plate, 

the    like; 

malli  ;ii>li     iron    I"  y    01 

t'l      11SC       ■ 

1    iron   wl 

iry. 

1    iron   it 

frequently    uacd    in    connection 

,    .   Dumi 

•  11  out   a long  thia  line. 

1    bj    many   prac- 

'     iron 

.    ei  zed 
t." 
"108.      Hn  ther    dry 

If    dry, 

• 
ation;    if    wet,    a    paste    i« 
the   filler   rod   coated  and 

allowed    to   dry    !•■  %."         C.B.A. 
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758 — Overload  Characteristics  of 
Modern  Alternators — a— Is  there 
much  danger  of  a  modern  alter- 
nator burning  out  by  heavy 
1  >\  erli tads  1  »r  by  li >sing  it  s  field, 
while  "ii  the  line,  or  w  ill  the  in- 
ductance of  it--  windings  prevent 
an  1  xc<  ssn  e  current  ':  b-  ts 
there  any  up-to-date  book,  pub- 
lished especially  for  operators, 
on  the  care  and  operation  of 
modern  alternating  -cur  r  e  n  t 
power   houses   and   apparatus? 

w.s.s. 

a— M  osl     manufacturers    give 
guarantees    on    alternating-currenl 
generators   to  carry   from  one  and 
a  quarter  to  on^e  and  a  half  times 
normal    load    for    periods    of    front 
oiu-  to  two  hours,  with  a  tempera- 
ture rise  not  exceeding  (>o  degrees 
C.     This,   with  an   initial   tempera- 
ture of  from  .^o  to  40  degrees  C,  is 
about  the  maximum  safe  tempera- 
ture   for   ordinary    insulating    ma- 
terials  and.   if   exceeded,    the    ma- 
chine may  Ik-  damaged.     The  cur- 
rent   which   a    machine,    running   in 
parallel  with   other  machines,  will 
take   in    case    the    held    excitation   is 
cut    off    will,    neglecting     the     rcla- 
tively   small   resistance,  depend  on 
the      reactance      in      the      armature 
winding  of  the  machine  in  question, 
and     also     of     the     machines     with 
which   it    is   in   parallel.      The  value 
ot    this    reactance    depends    011    the 
design  of  the   machine  and   may  !"• 
such  as  to  allow  from  five  to  thirty 
times  normal  current  to  How  at  the 
moment   of   cutting  off  the   excita- 
tion.     In    case    the    machine    is    not 
cut    off    from    the    line,    the    current 
will  drop  to  approximately  _>  to   10 
times  the  normal  current,  depend- 
ing   on    the    characteristics     of    the 
machine.      This   current    would  un- 
doubtedly roast  the  machine  out  if 
allowed    to    continue.      The    circuit 
hrcakers       should      disconnect    the 
machine    from    the    line    in    such    a 
case,  and  no  damage  should  result 
if  the  windings  of  the  various  ma- 
chines   were    sufficiently    strong    to 
withstand    the    stresses   due    to    the 
large  rush  of  current.     Most  large 
manufacturers      of     electrical      ma- 
chines   furnish    the    customer    with 
instruction      books      covering      the 
principal  points  to  be  observed   in 
starting  into  service  and  operation 
of  apparatus  furnished.     These  are 
probably     better     than     any     book 
published   on   She   subject.       r.a.m. 


759 — Operation  of  Turbo-Genera- 
tor at  Voltage  Above  Normal — 
\  5000  kw  turbo-generator  is  de 

■  ned  i'  >r  1  1  000  \ .  .1 1  -,.  hut  ( m 
account  of  line  drop  it  is  d.'-dr- 
able  to  i  iperate  abi  >\  e  rated  volt- 
age.      What    will    he    the    effect,    if 

any,  on  the  life  of  the  machim 
overload  capacity  and  regulation, 
1  f   operating   at    11  500  or   uooo 
volts?     Are   there  any   objections 

to  such  operation?  ii.n.m. 

Such      a      machine      operated      at 
UOOO  \olts,  5000  kw,  will  give  b<  I 

ter   regulation.      The   field   heating 

will   he   approximately   the   same   a- 
at    the   lower   voltage.     The  arma 
ture  copper  heating  will  he  lower, 
and     the     armature     iron     will     run 
from    10  to   20  percent   hotter.      The 
overload   capacity   will   be   approxi- 
mately   the    same.       The    effed     on 
the  lite  of  the  machine  will  depend 
on  whether  or  not  the  above  inert 
in    armature    iron    temperature    will 
bring  it  to  a  point  where  the  coil 
insulation  will  be  damaged.    With  a 
machine  operating  at  40  degrees  ( 
rise,  the  i'i  in  operating  tem- 

perature would  not  he  dangerous. 
In  general,  it  is  not  desirable  to 
operate  a  machine  at  a  highervolt- 
age  than  that  for  which  it  was  de- 
signed. More  definite  information 
regarding  the  performance  of  the 
particular  machine  under  tin-  stated 
conditions  could  probably  1"-  ob- 
tained by  referring  the  matter  to 
the   manufacturer.  k.a.m. 

760 — Cleaning  Motors  With  Com- 
pressed Air — Is  the  use  of  com- 
pressed air  in  cleaning  out  mo- 
tors or  generators  injurious,  and 
why?  I  have  been  using  it  for  a 
few  years  at  a  pressure  of  50  to 
too  pounds,  according  to  the 
density  of  the  dirt,  hut  recently 
a  number  of  people  have  told  me 
that  this  practice  would  ruin  the 
insulation,  and  that  it  would  he 
better  to  leave  the  dirt  in  the 
machines  than  to  blow  it  out  in 
this   way.  F.s. 

There  are  two  serious  objections 
to  the  promiscuous  use  of  e 
pressed  air  for  cleaning  out  mo- 
tors and  generators;  first,  the  me- 
chanical injury  to  the  insulation 
from  the  use  of  excessive  air 
pressure;  and.  second,  the  intro- 
duction of  moisture,  present  in  the 
compressed  air,  into  the  windings 
of  the  machine.  The  governing  of 
the  first  condition  must  be  left  en- 


THE  ELECTRIC  JOURNAL 


tirely  to  the  judgment  of  the  oper- 
The  pressure  al   which   the 
urn   be   ;t i > i >1  i <.- 1 1   without    do 
injury,  will   depend  upon   the   me- 
strength    of    the    insula- 
tion.    Extremi  should  be  ■ 

sed  not  to  apply  a  pressure  that 
will  produce  any  loosening  or 
fraying  if    the    insulation   or 

that  will  in  any  way  change  its  con- 
dition. While  no  definite  rule  can 
be  formulated  owing  to  the  wide 
rang  ms,  for  the  aver- 

winding,  if  well  taped  and 
a  pressure  of  ioo  pounds 
uld  not  prove  detrimental,  pro- 
vided the  air  outlet  is  not  brought 
within  one  foot  from  the  winding. 
The  second  objection  arises  from 
the  fact  that  compressed  air,  as 
ordinarily  used,  always  contains 
more  or  1<  -ture.     This  mi 

ture  is  deposited  on  the  windings 
of  the  machine  and.  if  present  in 
any  quantity,  may  cause  serious 
trouble.  Compressed  air  lines  for 
this  purpose  should  always  be 
thoroughly  drained  and  wherever 
some  additional  dehy- 
drating process  should  he  used 
removing  the  moisture  from  the 
air.  If  the  insulation  is  not  well 
sealed  over  the  coils,  the  air  at 
high  pressure  may  drive  conduct- 
ing dirt  inside  the  insulation  and 
eventually   cause    trouble.  B.D.K. 

761 — Changing  500  Volt  Motor  For 
220  Volt  Service— It  is  desired 
to  change  a  one  hp,  500  volt,  two 
ile  motor,  which  is  at  present 
wound  with  single  parallel  or 
lap  winding,  for  It   service. 

There  are  20  armature  slots  and 
40  commutator  segments.  'I 
brushes  cover  1.75  bars.  Could 
a  double  parallel  winding  be 
used,  or  could  two  coils  be  put 
in  parallel  in  each  slot  and  every 
mmutator  bar  short- 
circuited.  What  size  of  brush 
should  be  used  in  either  case, 
and  how  many  bars  should  each 

There  are  two  methods  of  ac- 
complishing the  desired  result 
namely,  by  rewinding  the  arma- 
ture or  by  simply  reconnecting  the 
present  windii 

The  former,  though  involving 
more  labor,  would  unquestionably 
give  the  better  results.  In  this 
case  the  number  of  coils  in  the 
armature  and  the  connections  to 
the  commutator  should  remain  the 


same  as  at  present,  but  the  num- 
ber "i  turns  in  each  cod  should  be 
only  half  the  presenl  number.  In 
*  ase  the  pi  esenl  number  of  turns 
p<  r  ci m1  is  ni >t  dh  isible  by  two  it 
w  1  luld  probably  be  I"  -1  to  make 
the  number  of  turns  per  coil  equal 
to    (pi  esenl    number    —    1 )    -: 

I  ii<  armature  could  be  rewound 
with  a  conductor  of  double 
the  cross  section  of  the  present 
conductor,  or  witli  the  same  size 
at  present,  using  two  conductors 
in  parallel.  In  using  the  second 
method  if  the  double  lap  winding 
is  used,  either  the  leads  of  the  two 
coils  lying  in  the  same  slot,  or  the 
commutator  liars  to  which  they 
connect  should  be  connected  to- 
iler so  as  to  give  virtually  only 
twenty  commutator  bars  instead 
of  forty.  Failure  to  connect  the 
coils  or  bars  in  parallel  may  result 
in  an  unequal  division  of  the  cur- 
rent between  the  two  windings 
and  cause  the  commutator  to 
blacken.  The  size  of  the  brush 
need  not  be  changed  unless  the 
current  density  under  the  brush  is 
excessive  with  the  new  arrange- 
ment, say  in  excess  of  40  to  50  am- 
peres per  square  inch.  In  case  the 
current  density  becomes  high 
enough  to  cause  poor  commuta- 
tion, special  brushes  may  be  ob- 
tained which  will  permit  a  higher 
current  density  than  the  figures 
given  above.  In  addition  to  chang- 
ing the  armature  winding,  the 
shunt  field  coils  should  also  be 
connected  in  parallel  instead  of 
series.  Under  the  new  conditions 
the  motor  will  probably  runabout 
ten  percent  lower  in  speed  than 
originally.       See     also      No.      274, 

Sept.     1009.  It.C.W. 


CORRECTION. 


In  the  May.  [QJ2,  installment  of  the 
article,  on  "Single  Phase  Commuta- 
tor Motors,"  by  Messrs.  Hellmund 
and  Smith,  the  following  corrections 
should  be  noted.  As  /:;-  varies  with 
the  current  and  speed,  the  first  sen- 
tence  on  page  425  should  read,  "Since 
the  flux  in  the  commutating  pole  re- 
mains unchanged,  the  voltage  /•./'  will 
remain  unchanged,  and  the  voltage 
/:>  will  be  doubled,  if  it  be  assumed," 
The  fourth  sentence  should  ac- 
cordingly read,  "In  this  case  the  volt- 
ages Ep  and  Er  are  reduced  to  half 
the  value  shown  in  Fig.  4,  while  Ei 
is  unchanged. 
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PERSONALS 

Mr.  J.  W.  Fraser,  assistant  chief 
engineer  of  the  Southern  Power  Com- 
pany, has  resigned  to  assume  charge 
of  the  erection,  for  the  British  Wes- 
tinghouse  I'.leetric  &  Mfg.  Company, 
of  a  70000  kilowatt  hydroelectric 
plant  in  Tasmania,  Australasia,  to  be 
operated  by  the  Hydroelectric  Power 
&   Metallurgical  Company. 


Mr.  F.  R.  Fortune  has  been  ap- 
pointed to  the  newly  created  position 
of  general  sales  agent  of  the  Cooper- 
Hewitt  Electric  Company.  His  head- 
quarters will  continue  to  be  in  Pitts- 
burgh. 


Mr.  Xorman  Macbeth  will  re- 
sume his  individual  consulting  il- 
luminating engineering  practice,  hav- 
ing resigned  as  illuminating  engi- 
neer of  the  Westinghouse  Lamp 
Company.  Mr.  Macbeth  was  former- 
ly illuminating  engineer  of  the  Wels- 
bach  Company,  Gloucester,  X.  J.  Mr. 
Macbeth  will  maintain  offices  in  New 
York  City  and  Philadelphia. 


Mr.  Cecil  P.  Poole,  editor-in-chief  of 
Poicer  for  the  past  seven  years,  has  re- 
signed to  take  up  consulting  engineering 
work  in  partnership  with  Mr.  Lamar 
Lyndon,  of  60  Wall  St.,  New  York  City. 
Mr.  Poole  will  have  charge  of  the 
southern  branch  office  at  Atlanta,  Ga. 


Mr.  Dudley  A.  Bowen,  of  the  detail 
and  supply  engineering  department  of 
the  Westinghouse  Electric  &  Manu- 
facturing Company,  at  East  Pitts- 
burgh, has  recently  been  transferred 
to  the  New  York  sales  office. 


Air.  Charles  F.  Gray,  formerly  of 
the  erecting  department  of  the  Cana- 
dian Westinghouse  Company,  is  now 
engaged  in  consulting  engineering 
work  with  offices  in  the  Empress 
Block,  Winnipeg,  Manitoba. 


Mr.  Edward  K.  Price  has  been  ap- 
pointed advertising  manager  of  the 
Standard  Underground  Cable  Com- 
pany, of  Pittsburgh,  Pa.  For  the  past 
two  years.  Air.  Price  has  been  en- 
gaged in  agency  work  with  G.  P. 
Blackiston,  of  Pittsburgh,  and  previ- 
ously was  for  a  number  of  years  in 
the  publicity  and  in  the  sales  depart- 
ment of  the  Westinghouse  Electric  & 
Mfg.  Company. 


Mr.  C.  E.  Clewell,  of  the  detail  and 
supply  sales  department  of  the  Westing- 
house Electric  ..v.  Mfg.  Company,  East 
Pittsburgh,  has  accepted  a  position  in 
the  electrical  engineering  department  of 
Sheffield  Scientific  School  of  Yale  Uni- 
\  ersity. 


.Mr.  C.  W.  Hookway,  at  one  time 
connected  with  the  Montreal  office  of 
the  Canadian  Westinghouse  Company, 
has  again  accepted  a  position  with  the 
same  company  in  the  capacity  of  sales- 
man connected   with  the  Toronto  office. 


Mr.  Stanley  Stroud,  formerly  of  the 
sales  school  of  the  Westinghouse  Elec- 
tric &  Mfg.  Company,  and  for  some 
time  correspondent  in  the  Toronto  of- 
fice of  the  Canadian  Westinghouse 
Company,  has  been  promoted  to  sales- 
man in  connection  with  the  same  office. 


Air.  H.  A.  Cooch,  at  one  time  engi- 
neering apprentice  with  the  Westing- 
house Electric  &  Mfg.  Company.  East 
Pittsburgh,  and  later  with  the  Univer- 
sity of  Toronto,  has  accepted  a  position 
in  the  Toronto  office  of  the  Canadian 
Westinghouse   Company. 


Air.  H.  A.  Rapelye,  heretofore  con- 
nected with  the  Pittsburgh  office  of  the- 
Westinghouse  Alachine  Company,  has 
been  chosen  to  succeed  Mr.  E.  D.  Drey- 
fus in  the  publicity  work  of  the  West- 
inghouse Alachine  Company  at  East 
Pittsburgh. 


Air.  S.  G.  Aleek,  who  has  been  associ- 
ated for  some  fifteen  years  as  special 
representative  of  the  H.  W.  Johns- Alan- 
ville  Company,  in  the  electrical  depart- 
ment, has  been  appointed  assistant  gen- 
eral manager  of  the  department. 


Air.  G.  W.  Canney,  manager  of  the 
service  department  of  the  Westing- 
house Electric  &  Mfg.  Company,  is 
making  a  tour  of  the  branch  offices  of 
his  department. 


Mr.  J.  B.  AlcCarthy,  until  recently  in 
the  erection  department  of  the  Cana- 
dian Westinghouse  Company,  is  now 
engaged  in  sales  work  in  the  Toronto 
office  of  the  same  company. 


The  Southern  Textile  Bulletin  for 
Alay  30  and  June  6  contains  a  reprint  of 
the  article  on  "Care  and  Operation  of 
Commutators,"  by  Mr.  W.  A.  Dick, 
from  the  Journal  for  May. 
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V  F.  L  A   CONVENTION 

While  the  total  registration  of  about 
Seattle  convention  ol   trie 
onal     Electric     Light     Association, 
I    ]nm.   ,0-14,  was  less  than  thai 
the  previous  year,  the  meeting   will 
rememl  i  of  the  most  success- 

and  interesting  in  the  history  ol  tin 
n.  The  various  sessions  were 
held  in  the  Seattle  Armory,  which  was 
USed    as    the    exhibition    quart, 
lectrical  interests  were  lavisn 
in  their         rts  to  entertain  the  visitors. 
The  program  was  followed  out  substan- 
tially as  outlined  in  the  last  issue  ol 
lorKNA,.     The   following   officers  were 
chosen  for  the  ensuing  year:     Presid* 
,.-    v  O.;  first  vice  pr« 

dent  1  1'..  McCall,  Philadelphia;  second 
vice  president,  II.  H.  So,..  New  York; 
treasurer,   W.   W.    Freeman,  Brooklyn, 

ommittee  (3  years),  John 
Britton,  San  Fran  I     E.  Goesbeck, 

San  Diego;  Charles  V  Stone,  Bosl  >n, 
(lyeai  -    Orr,  Pittsburgh.    In  the 

ver  transmission  section  the  follow- 
ing officers  wore  elected:  Chairman, 
VV  X  Ryerson,  Duluth;  hrsl 
chairman.  D.  I'..  Rushmore,  Schenec- 
,,n<l  vice  chairman,  1  .  m. 
Lino.ln.  Pittsburgh;  secretary,  har- 
lej       .  Newark  N.  J. 

The    fifth    annual    convention    of    the 

nnsylvania    Electric     Association    will 

be  held  01  "her  4.  5  and  6  at  the 

edford  Hotel,       Bedford 

rings    Pa.    Mr.  R.  S.  Orr.  general  su- 

rintendent   of   the   Allegheny   County 

ipany.  Pittsburgh,  is  pri  sidenl 

>n. 


The  sixth  annual  convention  of the 
Illuminating  Engineering  Society  will  be 
held  at  the  Hotel  Clifton,  Niagara  Falls. 

16-19       Hi-'    nnal 
program   has   not   yet    been    announ 

II  include  a  number  ol  notable  pa- 
mbodying  the  r<  cent  m- 

NEW  BOOKS 
"Electrical  Injur  Lauf- 


J,    77    Pi 
John   Wiley   &  S 

Th 
trical  injui  primarily   for  the 

an.  but  it  is  the  I   all  to 

familiar  with  the  essentials  ol  firsl 

nt,    especially 
where  an  electric   '■hock  has  resulted 


,„   ioss   of   consciousness.     'I  his  con- 
venient little  handbook,  designed  pri- 
marily  for   the   use   ol    pra<  deal   elec- 
trical men.  com. nn>  information  com- 
piled in  mi  st  admirable  form  covering 
not    only    the    treatment    of   electrical 
injuries,  but   a  comprehensive  discus 
n  of  their  causation  and  prevention. 
I  he  very  lucid  and  complete  descnp 
tion  of  the  prone  pressure  method  ol 
resuscitation    from    electric    shock    in 
1    of   -u  ipe  ided   respiration   places 

this    1 k    in    the    categor)    ol    those 

which  should  be  read  by  all;  For  who 
knows   when   tin  ion   may   arise 

thai   a  working  knowh  dge  oi   a   sun 
able  method  of  applying  artificial  re- 
spiration will  serve  to  save  the  life  ol 
on   w  ho  lias  met   with   seri- 
ous   accident?      I  he   author   indicates 
that    the   method   of  resusi  itation   de 
scribed  is  applicable  not   only  in  1 
1  f  electric  shock  but   with  equal  suc- 
-,    of  drowning  or  asphyxia- 
tion  from  whatever  cause.     'I  Ins  ma- 
tcrial   is   most    timely   in   view   ol    the 
fact  that  the  resuscitation  commission 
recently  appointed  jointly  by  the  Na- 
tional  Electric   Lighl    Association,  and 
the  American  Medical   Association  lias 
recommended      the     prom-     pressure 
method   (due  to   Prof.   E.  A.  Schaefer 
of  Edinburgh  )  for  adoption.     'I  he  dis- 
cus.ion    of    various    features   entering 
into   the   physiology   of   electrical    in- 
juries  is   given   added   importance   by 
quotation     from     various    authoritu 
and    includes    interesting    matter    re 
garding     the     method     employed     in 
ninal    electrocutions    and    various 
phenomena  accompanying  them.     I  he 
antlnr    is    to    be    commended    for    the 
evident    rare    with    which    the   text    has 
n   prepared  to  place  all   facts,  and 
directions    for   treatment    in    adminis- 
tering   temporary   aid    in    case   of   acci- 
dent,   in    language    fn  e    of    technical 
dical   terms  and   therefore  entirely 
intelligible   to  all   readers.      It    is  also 
mosl    instructive  to  have   the   subj 
supplemented  by  notes  on   important 
fundamentals    of    minor  ;■     and 

infei  no,,-,  and  a  1  hapter  on  the  1  on 

nation     of    the     bodily    resoun 
This   last   chapter,    if   not   all    ol    the 
book,   could    he   read   with    profit    by 
young  and  old.    'I  hi    list     ol  questions 
on  the  subjed  matt<  r  makes  the  bo 
aluable    one    for    student    read< 
and  -  to  discover  many  1< 

nt   merits    of    the    text.     'I  he    pur 
pose  of  the  author  and  publishers   is 
idently  to  offer  the  book  at  such  a 
moderate  price   that  it  will   be  acces- 
sible to  all. 
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A  Time  Saving  Proposition 

A  common  method  of  indexing  engineering  publications  is  by  the 
use  of  semi-annual  alphabetical  lists  of  articles  published  dunng 
the  proceeding  six  months.  Any  one  who  has  occasion  to  refer 
to  back  issues  of  technical  periodicals  realizes  the  time-wasting 
features  of  such  a  method.  For  instance,  even  considering  one  of 
the  younger  publications  such  as  the  Journal,  this  method  would 
mean  1 6  indexes  to  be  referred  to  in  order  to  locate 
references  on  any  desired  subject.     By  the  use  of 

The  Eight  Year  Topical  Index, 

references  to  all  articles  which  have  appeared  since  the  Journal 
was  started  are  quickly  located  in  one  convenient  topical 
index  at  the  back  of  the  latest  volume.  You  thus  have  a  saving 
of  1  6  to  1 ,  and  in  addition  the  topical  method  makes  it  un- 
necessary to  know  the  exact  title  of  the  article  desired  or  to  hunt 
through  the  possible  alphabetical  headings — all  articles  on  any  one 
topic,  no  matter  when  published,  are  listed  under  one  heading. 

Bound  Volumes  the  Journal 

are  thus  more  valuable  than  those  of  other  publications  because 
all  of  the  material  is  immediately  available.  The  sale  of  over 
9  300  Bound  Volumes  is  good  evidence  that  this 
feature  of  the  Journal  is  appreciated,  as  well  as  the  high-grade, 
practical  nature  of  the  articles,  now  totaling  6  500  pages. 

Volume  VIII,  1911  AEe  Price,$4  prepaid 

Special  prices  on  orders  for  a  number  of  volumes  to  one  address. 
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NEW  BOOKS 

"The  Application  of   Hyperbolic   Func- 
ical  Engineering  Prob- 
lems"—A,  E.  Kennelly.    278  page 
illustrations.      Published   by   the    Uni- 
don   Press,  Ltd.,   Lon- 
1,  England.     Price. 

This  work  is  based  on  a  series  of  five 

lectures  given  by  the  author  at  The  In- 

f    Electrical     i  rs     for 

the      University      of      London.        Dis- 

n    on    applications    of 

lie    functions    to    direct    current 

1  nd  leak 

in  the  uivalent  circuits  of 

ady  state,  r 
ula-  uniform    lines,    compl 

quantises,  the  ;  1  of  building  up  the 

J     and     current     distribution     in 
imple     uniform     alternating-current 
>n   line,   the   applica- 
rbolic   functions   to  alter- 
nating-current     1  transmission 
lines,    the    application    of    hyperbolic 
fur                      ..ire  telephony  and   t' 
• 


"Alternating-Current  Design."  Julius 
Frith,  118  pages;  27  illustrations. 
Published  by  1 1  \  an  Nostrand 
Company,    New    ifork    City,      Price 

Sj.oo. 

'Ibis  book  covers  briefly  the  design 
of  alternating-currenl  generators,  in- 
duction motors,  transformers  ami 
transmission  Inns,  mainly  by  numer- 
ical examples.  There  is  a  brief  dis- 
cussion ot  some  of  the  principles  in 
volved,  but  tins  is  necessarily  incom- 
plete and  intended  to  supplement  the 
subjcci  m.it t *  1  of  other  similar  books, 
chiefly  a  companion  volume  on  di- 
rect-current design  by  Cramp,  The 
author  has  aimed,  according  to  the 
preface,  "to  emphasize  the  inward 
physical  meaning  rather  than  the  out- 
ward mathematical  form,"  but,  ac- 
cording to  the  text,  the  design  meth- 
ods advanced  are  mainly  empirical.  If 
the  high  aim  of  the  preface  bad  been 
more  successfully  carried  out  in  the 
text,  the  book  would  be  of  greater  val- 
ue and  interest.  Referring  to  the 
chapters  on  generator  design,  the 
method  of  calculating  stator  slot  ami 
rotor  pole  leakages,  and  the  method 
of  figuring  the  maximum  stator  tooth 
density,  are  unnecessarily  crude  and 
approximate.  On  the  other  band,  the 
discussion  <>i  inherent  regulation  and 
output  constants  is  good.  While  the 
methods  of  design  outlined  will,  un- 
doubtedly, give  results  that  will  ch<  1  i. 
with  the  actual  performance,  provid- 
ing that  the  designs  follow  closely 
those  from  which  the  empirical  meth- 
11  derived,  they  will  be 
found  entirely  inadequate  to  design 
generators   departing   from   the-     1 

nd   to   investigate  unexpec- 
ted results  and  determine  the  remedy. 

F.  I).  N. 


"Design  of  Electrical   Machinery,"  Vol. 

I.    Direct-Current    Dynamos — William 
T.  Ryan.    109  pages,  illustrated.    Pub- 
lished  by    lolin    Wiley   &   Sons, 
York  City.     Price.  $1.50. 
This  is  the  first  of  a  series  of  college 
•  books  by  Prof.  Ryan,  of  the  LJni- 
ity  of  Minnesota.    It  is  divided  into 
three   chapters,    the    firs*  giving    funda- 
mental   general    print  1  d    the    last 
■  a  number  of  detail  illustrat 
is.     The  design   in  the  third   chapter 
is   that  of  a  300  kilowatt   direct-current 
generator. 
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"Engineering    Law:    The   Law  of  Con- 
tract"-  Alexander   Flaring,  508  pa 
published  b>  the  Myron  (.'.('lark  Pub- 
lishing Company,  Chicago,  111.    Price, 

|.oo. 
This  book  is  a  valuable  epitome  on  the 
elements  of  contract  law  which  affect 
the  work  of  the  engineer.  The  subject 
is  divided  into  its  four  main  branches, 
which  arc  properly  defined  and  rami- 
fied  SO  that  all  essential  matter  may  be 
comprehended.  The  author  by  profes- 
sion is  both  an  engineer  and  a  lawyer 
and  therefore  has  been  in  a  |>"-iti<>n  to 
adjust  the  contents  of  his  hook  not  only 
to  the  needs  of  the  engineer,  hut  at  the 
same  time  his  work  is  fundamentally 
correct  legally.  A  compromise  between 
the  text-book  method  ami  the  case  sys- 
tem has  been  made  and  it  is  believed 
that  this  should  be  of  the  greatest  value 
to  the  engineer.  The  references  and  de- 
cisions constitute  the  major  part  of  the 
book's  contents.  The  vital  feature  of 
each  case  included  is  appropriately  de- 
signated. Engineers  will  welcome  the 
book,  as  an  adequate  conception  of  the 
matters  treated  therein  may  he  consid- 
ered of  great  value  to  them  with  the 
broad  duties  men  in  this  profession  are 
now  assuming.  e.d.p. 


"Third  Annual  Report  of  the  Board  of 
Supervising  Engineers.  Chicago  Trac- 
tion." 535  pages.  Published  by  the 
Board. 

The  hoard  is  made  up  of  representa- 
tives of  the  city  of  Chicago,  the  Chicago 
Railway  Companies  and  Bion  J.  Arfiold. 
chairman.  As  in  previous  years  the  re- 
port is  voluminous  and  detailed.  An 
idea  of  the  immense  scope  of  the  work 
of  the  Board  may  he  gathered  from  the 
statement  that  the  cost  of  rehabilitation 
work  to  date  is  in  excess  of  forty-two 
million  dollars. 


THE  CANADIAN  H.  W.   J0HNS-MANV1LLE 

COMPANY.  LIMITED.  MOVE  TO  NEW 

QUARTERS  IN  WINNIPEG 

The  Winnipeg  Branch  of  the  H.  W. 
Johns-Manville  Company,  owing  to  their 
fast  increasing  business  in  Asbestos, 
Magnesia  and  Electrical  supplies,  has 
found  it  necessary  to  move  into  new 
quarters  at  Xo.  92  Arthur  street,  Win- 
nipeg. This  is  a  six-story  and  basement 
building,  100  feet  deep  and  50  feet  wide, 
and  will  be  occupied  throughout  by  the 
Company's  offices  and  store  rooms.  By 
reason  of  this  move,  a  much  larger  and 
more  complete  stock  of  goods  will  be 
carried  on  hand  than  heretofore,  and  a 
larger  force  will  be  employed  to  look 
after  the  company's  interests. 


For  True  and  Silent  - 
Running  use 

Norma  Ball  Bearings 

The  standard  bearings  for 
magnetos,  small  dynamos, 
motors,  generators,  and  all 
light  running  machines  re- 
quiring high  speeds. 

THE  NORMA  COMPANY  OF 
AMERICA 

20-22-24  Vesey  Street,    New  York,  N.Y. 


Annular  Ball  Bearings 

The   Dependable  Kind — 


A  Bearing  of  Quality 

Largest  Kail  Diameter,  Maximum  Number  of  Halls 
Consequently  Maximum  Load  Carrying  Capacity 
Minimum  Space  Minimum  of  Attention 

Simplicity  in  Mounting  Minimum  of  Powei 

Minimum  Oil  Consumption  Unequalled  Reliability 

J.  S.  BRETZ  COMPANY 
Sole  Importers.   250  W.  54th   St.,  New  York 
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electrical 

testing 

Laboratories 

80th  St.  &  East  End 
A  iv.,  Sew  York  City 

PI  lOTOMETRICAL  DEPARTMENT 

Photome trical  tests  of  all  forms  for  commercial   illumin- 
ants.       Illumination    tests    made   anywhere,    indoor*   or 
outdoors. 

ELECTRICAL  DEPARTMENT 

Tests  of  electrical  instruments,   apparatus  and   materials. 
Inspection  of   electrical   material  and  apparatus  at   fac- 
tories. 

GENERAL  TESTING  DEPARTMENT 

Coal  and  ash   analysed.      Paper  tested.      Industrial   and 
clinical    thermometers   checked.      Tensile,    compression 
and  torsion  tests  of  structural  materials. 

The  babcock  &  Wilcox  Company 

85  Liberty  Street,  New  York 

Water  Tube  Steam  Boilers 
Steam  Superheaters 
Mechanical  Stokers 

Our  Book  "Steam"  mailed 
free  on  application 

WORKS 
BARBERTON,    OHIO    AND      BAYONNE,     N.     J. 


BRANCH      OFFICES 

Atlanta     ------  Candler  Building 

Boston 35  Federal  Street 

Chicago  -----  Marquette  Building 
Cincinnati  -----  Traction  Building 
Cleveland  -  -  -  -  New  England  Building 
Denver  ...  -  435  Seventeenth  Street 
Havana.  CuLa  -  161  '  £  Calle  de  la  Habana 
Lw  Angela  -  -American  Back  Building 
\ev>  Orlean»  -  -  -  -  Shubert  Arcade 
Philadelphia  -  -  North  American  Building 
Pitt-burgh  -  Karmeri  Deposit  Bank  Building 
Portland.  Oregon  -  Wellt-Ftrjo  Building 
Salt  Lake  City  -  -  -  -  3 1  3  Ada.  Block 
S*n  Franciico  -  -  -  -  99  Firit  Street 
Seattle     -----  Mutual   Life  Building 


TYPEWRITER  CONSOLIDATION 


>f  the  Remington, 
Smith-Premier  and  Monarch  Type- 
writ n    consoli- 

In  .  lopment 

nt  industry  in   rc- 
its    liirt'n    and 
nsolida- 
the  three  ma- 
ment  was  sim- 
•  ■  >ti  of  the  unqu 
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ization. 
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The  introduction  of  the  new  Reming- 
ton sales  policy  comes  at  ;t  propitious 
time.  The  record  during  the  past  year 
of  all  of  the  three  typewriters  involved 
in  this  union  of  forces  con  titutes  of 
itself  an  assurance  of  a  great  future. 
The  Remington,  Smith-Premier  and 
Monarch   typewriters   each    did    a    busi- 

;  car    which    surpa 
previou  rd. 


The  Nelson  Valve  Company,  of  Phil- 
adelphia,  1        reci  ntly   published   a   n< 
catalogue  "S"  illustrating  and  describing 
its  latest  lines  of  valves.     A  number  of 
ated   from  tl  leral 

'1  in   [909.     An  interesting 
l>art  of   this  booklet   is   the  portion   de 
voted  t<>  an  illustrated  description  of  the 
methods  of  manufacture  and  testing  of 
Nelson  val 


The-  Norma  Company  of  Apt 
jj  and  J4  Vesej   street,  X'-w  York  City, 
have  published  two  circulars  describing 
their   Ii  ball-bearings    and    roller- 

This      company      makes     a 
f  ball-bearings   for  small  mo- 
tors,   magnetos,    electric    ignition    appa- 
rad  '1   indicators   and   other   small 

machinerj  operating  at  high  speeds. 
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What   constitutes   a  successful    Convention   of    the 
The  Boston     American  Institute  of  Electrical  Engineers?     Is  it 
Convention     attendance?      Then    the    Boston    Convention    was 
of  the  certainly    highly   successful    for,   barring   the   Con- 

A.  I.  E.  E.  vention  at  Chicago  last  year,  this  Convention  had 
the  highest  registration  of  any  in  the  Institute's 
history.  Chicago  set  the  high  water  mark  in  attendance  last  year 
with  a  registration  of  965,  and  Boston  came  within  less  than  two 
score  of  the  same  figure,  lloth  these  figures  are  something  like 
double  the  registration  of  any  other  Convention  in  the  Institute's 
history.  One  of  the  things  that  makes  attendance  at  an  Institute 
Convention  so  agreeable  is  that  there  one  meets  his  friends  from 
all  over  the  country.  It  is  the  common  meeting  place  of  all  men 
electrical,  and  the  greater  the  attendance  the  wider  will  be  the 
circle  of  friends  with  whom  one  comes  into  contact.  In  attend- 
ance, therefore,  and  all  that  goes  with  it,  we  can  put  down  the 
Boston  Convention  as  a  successful   one. 

I-  it  in  the  completeness  of  the  entertainment  programme? 
Here  again  the  Boston  meeting  will  refuse  to  give  way  to  any  pre- 
ceeding  Convention.  The  local  committee  under  the  able  leader- 
ship of  Mr.  Charles  L.  Edgar  left  nothing  to  be  desired  in  the 
way  of  entertainment  for  attending  members.  Theatre  parties, 
concerts,  auto  trips,  luncheons,  boat  rides,  and  other  forms  of  en- 
tertainment were  provided,  not  only  for  the  ladies  attending  the 
Convention,  but  also  for  the  men  whenever  they  could  find  a  mo- 
ment's respite  from  the  sterner  duties  of  the  week.  In  its  enter- 
tainment, therefore,  the  Boston  Convention  may  certainly  be  set 
down  as  a  successful  one. 

Is  it  in  the  brilliancy  of  the  annual  banquet?  Surely  Boston 
shines  on  this  score.  Never  was  there  a  more  suave  toastmaster 
than  President  Dunn.  The  toasts  were  responded  to  in  a  brilli- 
ant manner  and  the  evening  reached  its  climax  in  the  presentation 
of  the  Edison  medal  to  Mr.  George  Westinghouse.     This  occasion 
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le  .ill  the  more  memorable  l>\   the  fact  thai  the  presenta- 

•i  of  the  medal  was  made  h\  Prof.  Elihu  Thompson,  the  firsl  re- 
cipient «>t  the  medal.  Nothing  could  show  more  thoroughly  the 
harmony  which  has,  in  these  latter  years,  taken  the  place  of  the 

ntroversies  of  twentj  years  ago  over  alternating  currenl  versus 
direct  current,  than  this  presentation  t"  Mr.  Westinghouse,  the  ex- 
ponent of  the  alternating-current  system,  of  an  Edison  medal  by 
Prof.  Thompson,  now  prominently  identified  with  those  who  took 
the  opposite  side  of  that  argument,  and  to  make  the  anamoly  nunc 
complete,  the  reason  for  the  award  of  the  medal  to  Mr.  Westing 
house    is    his    work    in    the    development    of    the    alternating-current 

stem.  In  this  feature,  there  can  he  no  question  but  that  the 
Boston  Convention  was  certainly  a  successful  one. 

[s  it   in  the  length  of  the  programme  of  papers?     The   fact 
that  the  numbered  events  on  this  programme   reached  a  total   of 

cty,  thirty-two  of  them  being  scheduled  for  the  last  day,  answers 
this  question.  By  the  device  of  parallel  sessions,  a  total  scheduled 
time  of  twenty-four  session-hours  (if  such  a  term  may  be  ac- 
cepted) was  obtained  for  these  scheduled  events  or  an  average  of 
just  24  minutes  per  event.  Thus  in  length  of  programme,  the 
Boston  Convention  not  only  reached  hut  over-reached  the  "Acme 
of  perfection."  Whatever  criticism  is  to  be  made  against  the  Bos- 
ton meeting  will  undoubtedly  be  made  upon  this  score.  Mere  vol- 
ume of  material  presented  does  not  make  a  successful  Convention, 
and  to  the  mind-  of  many,  the  overcrowded  programme  was  the 
only  fault  in  an  otherwise  highly  successful  meeting.  The  papers 
programme  of  a  Convention  of  this  kind  becomes  interesting,  and 
th<  -fill,  not  entirely  on  account  of  the  presentation  of 

paj  count  of  the  interchange  of  ideas,  for  which 

the  presentation  of  a  paper  simply  serves  as  an  introduction.     If, 
at  Boston,  the  programn*  0  crowded  that  there  1-  no  time 

for  this  interchange  of  ideas,  the  resull  not  only  becomes  a  disap- 

intment,  but  .  failure  to  th<  nl  that  the  interchange  of 

ideas  dot  I   materialize. 

However,  in  f  the  crowded  condition  of  the  programme 

there   were   certain    feature-    that    stand    out    in    relief.     Two   joint 

■    with  the  Illuminating  Engineering  Society  and  another 

•h  the  ff-r  the  Promotion  of  Engineering  Education gav< 

•.crete  evidence  of  that  type  <<i  cooperation  which  should  be  the 
f  all   ei  gil  •  ■  rii  g    K>  i<  ti<         May   there   be    more   of 

tioi 
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Another  feature  of  this  Convention  that  merits  special  note, 
1-  the  symposium  upon  the  methods  of  electrical  measurement 
Eighteen  papers  covering  many  phases  of  this  subject  were  pre 
sented  to  t\v<>  successive  sessions  of  the  Convention.  Probably  the 
most  active  and  interesting  discussion  of  the  whole  Convention 
was  brought  oul  during  these  two  sessions.  Here  again,  the 
crowded  condition  of  the  programme  prevented  the  development 
of  the  subjects  as  they  should  have  linn.  The  committee  having 
this  matter  in  charge,  however,  should  be  congratulated  upon  ob- 
taining so  many  concrete  ideas  in  brief  form,  as  were  presented 
to  the>e   sessii  >ns. 

In  planning  future  Conventions,  it  would  be  well  for  those 
in  charge  to  note  the  short-comings  of  the  Boston  Convention  as 
well  as  its  features  of  success.  P.   M.   Lincoln 


With  the  rapid  industrial  development  towards  very 

Methods  of     large  electric  generator  units,  it  has  become  impos- 

Testing        sible   even    for  the   largest   electric   manufacturing 

Large  companies  to   tesl    these  machines  under  load,   and 

Alternators    tMc    various   substitute   methods   discussed  by    Mr. 

F.  I  >.  Newbury  in  this  issue  of  the  Journal  thus 

were    devised:— the    zero    power-factor    method,    the    open    delta 

method,   and   various  compromise  test-,  consisting  of  open  circuit 

runs  at  over  voltage  and  short-circuit  runs  at  over  current. 

These  and  all  other  no  load  tests  necessarily  are  subject  to 
the  limitation  that  the  field  distortion  of  the  amature  reaction  of 
the  energy  current,  and  whatever  losses  may  result  from  this  dis- 
tortion, cannot  be  introduced  in  the  test  since  even  in  the  zero 
power-factor  method  the  armature  reaction,  while  present,  is  not 
distorting  but  demagnetizing.  Experience,  however,  has  shown 
that  such  losses  resulting'  from  field  distortion  are  either  absent, 
or  so  small  as  to  be  practically  negligible. 

The  zero  power-f actor  method  is  the  most  satisfactory,  but 
limited  by  the  requirement  of  additional  machine  capacity.  The 
open  delta  method  is  free  from  this  limitation,  but  due  to  the 
presence  of  a  rotating  armature  reaction  cannot  always  be  relied 
upon  to  give  correct  results,  as  pointed  out  by  Mr.  Newbury,  but 
in  this  test  serious  energy  losses  may  occur  in  the  field,  and  cor- 
responding heating,  which  would  not  exist  under  actual  load.  Such 
may  be  the  case  when  the  field  contains  solid  pole  pieces,  or  squir- 
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rcl  cage  or  other  damper  windings.     Even  with  laminated  fields, 
in  some  fractional  pitch  windings  with  a  single  coil  per  slot,  pole- 
due  i<>  a  high   frequency  pulsating  armature  reaction, 
maj  occur  in  the  open  delta  test. 

Compromise  tests  consisting  of  separate  open  circuil  runs  at 
over  voltage,  t«>  get  the  core  heating,  and  short-circuil  runs  at  over 
current,  to  get  the  coil  heating,  have  the  fundamental  objection 
that  the  temperature  distribution,  and  with  it  the  path  of  the  heal 
current,  differs  from  that  under  short-circuit  test,  which  is  free 
from  this  objection.  In  large  machines,  it  usually  takes  many 
hours  to  reach  stationary  temperature,  and  the  temperature  change 
during  a  quarter  hour  or  so  is  very  small.  Instead  of  having  sim- 
ultaneously voltage  and  current,  as  in  the  full-load  test,  alternate 
period-,  of  short-circuit  at  excess  current,  and  open  circuit  at  cx- 
.  may  he  run.      The  excess  current  and  the  excess  volt- 

would  he  chosen  so  that  tlu-  average  armature  PR  loss,  and  the 
average  core  loss  during  the  open  circuit  and  the  short-circuit  run 
equal  the  values  at  the  rated  load.  The  average  power  loss,  and 
with  it  the  heating  of  the  machine  armature,  then  should  he  the 
same  as  under  full  energy  load,  the  only  difference  being  that  the 
core  heating  and  the  coil  heating  occur  not  simultaneously,  hut 
isively.  By  choosing  the  alternate  periods  of  open  and  short- 
circuit  run  sufficiently  short,  such  a  compromise  test  should  give 
correct  re-ults  of  temperature  rise. 

In  such  a  load  test,  in  which  periodically  open  circuit  and 
■diort-circuit  alternate  in  such  a  manner  that  the  total  loss  during 
each  period  i-  the  same  as  at  full  load,  obviously  it  is  not  neces- 
v  to  divide  the  time  of  each  period  equally  between  open  and 
<mort-circuit  run.  hut  any  division  of  time  would  he  practicable, 
within  a  wide  range.  For  instance,  alternate  short-circuil  runs  of 
ten  minut<  seventy-three  percent  above  rated  current,  and  open 

circuit  runs  of  twenty  minutes  at    such  over  voltage  that  the  iron 
fifty  percent  above  that  at  full-load  Mess  whatever  iron  loss 
occurs  during  the  short-circuit  period). 

In  many  cases  it  then  may  he  possible  so  to  choose  the  pro- 
portion hetween  the  open  circuit  and  the  short-circuit  part  of  each 
period,  that  the  average  PR  loss  in  the   machine   field    during  the 
Is,   equals  that  at  the   rated   full   load,   and   in   this  case 
mhination  of  periodically  alternating  open  circuit  runs  at 
over  voltage  and  short-circuit  runs  at  excess  current  would  give, 
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in  the  armature  as  well  as  in  the  field  of  the  machine,  an  average 
heat  production,  and  with  it  temperature  rise,  equal  to  that  at  the 
rated  energy  load.  Charles   P.  Steinmetz 


In    these    days,    when    so   much    is   being   said    and 
Decrease  in     written  about   the  higher  cost  of  necessary  things, 
Cost  with       the  electrical  manufacturer  should  feel  great  pride. 
Improved       While  the  quality  of  generators,  rotary  converters, 
Product         transformers,  motors,  incandescent  lamps  and  hun- 
dreds of  other  electrical  devices  has  been  greatly 
improved,    the   price   of    these   commodities,    through    the   brilliant 
work  of  the  designers  and  the  factory  men,  has  greatly  diminished, 
in   spite   of   the   increased   cost   of   labor  and   raw   materials.     At 
the  same  time  the  efficiency  of  all  classes  of  electrical  apparatus 
has  been  increased,  the  life  of  dynamos,  transformers,   etc.,   has 
been   extended   and   the    reliability   of   all    such    devices    improved. 
The  users  of  electrical  machinery  and  appliances  have,  from  ex- 
perience, come  to  depend  on  such  machinery  as  they  depend  prob- 
ably on  no  other  general  class  of  apparatus  in  constant  use. 

H.  D.  Shute 


The  project  of   utilizing    exhaust    steam    from  a 
Consolidated    central  electric  plant,  for  district  heating  has  long 
Electric        been  an   attractive   one   from   a  theoretical   stand- 
and  point.    The  practical  difficulty  has  been  to  discover 

Heating         a  steam    engine   suited    for   the    very   unusual    de- 
Plants  mands  imposed  by  the  heating  service. 

Such  an  engine  must  be  able  to  operate  against 
back  pressures  up  to  ten  or  fifteen  pounds,  and  if  the  profits  from 
the  heating  are  not  to  be  eaten  up  during  the  warm  season,  it 
must  be  capable  of  operating  condensing  with  as  high  efficiency 
as  though  back  pressures  had  never  been  contemplated.  The  de- 
signer of  reciprocating  engines  has  always  regarded  this  as  a  dis- 
couraging if  not  altogether  hopeless  problem. 

The  "Bleeder"  turbine — a  comparatively  recent  development 
in  prime  movers — is  happily,  oblivious  to  all  of  the  variations  in 
conditions  of  back  pressure  that  are  associated  with  the  operation 
of  an  exhaust  heating  system.  It  automatically  makes  the  best 
of  these  conditions  as  it  finds  them,  whether  they  are  changing 
every  minute  or  whether  they    remain  constant  for  months.     If  all 
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the  working  steam  has  to  be  delivered  to  the  heating  system 
linst  a  considerable  back  pressure,  there  is  no  balking.     If  only 
a  portion  of  the  working  steam  is  required  for  heating,  the  bleeder 
turbine  turns  the  surplus  to  good  account  in  its  1<>w  pressure  sec- 
tion, exhausting  into  a  condenser.     If  no  steam  at  all  is  required 
for   heating,   then   the   turbine  operates   as   a  complete   expansion 
gine  just   as  efficiently  as  though   its  special    features   were  cu- 
nt. 
Now  that  the  prime  mover  is  expunged  from  the  list  of  things 
worry  about,  the  combined  electric  and  heating  planl  takes  on 
a  renewed   interest.     The  article  by    Mr.    E.    D.    Dreyfus   in   this 
lie  of  the  JOURNAL  is  therefore  peculiarly  timely.      The  author's 
treatment  of  his  subject  is  refreshingly  novel  and  interesting,     lie 
the  effects  of  climate,  changing  seasons,  load  curves,  etc., 
on  the  total    station   demand,  and  points  out  the  line  of   investiga- 
te follow  in  determining  whether  or  not  any  particular  sel  of 
-  will  justify  the  combination  of  a  heating  service 
with  an  existing  or  proposed  electric  plant. 

The  paper  can  be  read  with  much  profit  by  anyone  who  is  in- 
terested in  this  subject,  which   is  becoming  more  and  more  a   mat- 
:'■-!•  thoughtful  consideration.  II.   E.   Longwell 


Attention  is  called  in  particular  to  the  editorial  by 

Standard        Dr.    Steinmetz   on    Mr.    Newbury's   article   in   this 

Methods        issue.     For  many  years  Dr.  Steinmetz  has  been  a 

of  leading  member  of  the  standardization  committee 

Testing        of  tin-  American   Institute  of   Electrical   Engineers 

and  he  i-  an  enthusiasl  on  all   matter-  which   may 

iperly  he  included  under  the  subject  of  standardization.     In  the 

titute  standardization  committee  meetings  during  the  pasl  year, 

the  tion  of   standardizing  methods  of  testing  was  under  dis- 

■i    a  number    of    time-      Both   Dr.   Steinmetz'  editorial  and 

Mr.   Xewhury'-   article  are  timely   in   showing  the  need   of   stand- 

lization  in  one  particulai   class  of  apparatus.     This    is    simply 

indicative  of  the  situation  to  a  greater  or  less  extent   as  regards 

all  da  :'  apparatu  B.  '».  Lamme 


COMBINED  CENTRAL  HEATING  AND 
ELECTRIC  PLANTS* 

EDWIN  D.  DREYFUS 

B<  >'l  II  the  significant  growth  of  the  National  District  Heating 
Association  and  the  representative  public  service  companies 
affiliated  therewith  attest  the  better  credit  now  being  accorded 

the  central  heating  institution.  In  the  main  this  has  logically  come 
about  through  more  skilled  engineering,  better  materials,  properly 
laid  street  mains,  adequate  rates,  wisely  selected  systems  and  more 
proficient  management.  Evidently  there  are  natural  limitations  to 
the  installation  of  heating  systems,  but  within  the  sphere  where 
such  systems  will  be  found  profitable,  there  still  remain  opportu- 
nities for  improving  upon  existing  methods,  particularly  when'  the 
heating  system  is  a  component  part  of  an  electric  lighting  plant. 

The  operating  of  a  heating  plant  singly  is  only  attractive  un- 
der favorable  circumstances.  Electric  stations,  operating  inde- 
pendently, are  successful  in  the  majority  of  cases;  hut  by  clh 
ively  combining  the  two,  very  fair  returns  should  accrue  from 
ron joint  operation  of  such  properties.  The  economies  resulting 
from  one  management,  one  boiler  plant  replacing  two,  greater 
earning  power  derived  from  one  pound  of  steam,  higher  grade 
of  labor  and  engineering,  and  a  general  saving  in  operation  and  in- 
vestment, establish  good  reasons  for  the  reversal  of  the  unsatisfac- 
tory conditions  at  first  experienced.  The  showing  of  many  com- 
panies now  conducting  both  forms  of  utilities,  demonstrates  the 
truth  of  this  statement. 

With  constantly  increasing  demands  being  made  upon  central 
station  companies,  it  behooves  them  to  make  proper  preparation  ac- 
cordingly, and  this  paper  is  undertaken  to  present  some  new  devel- 
opments in  prime  movers,  more  particularly  in  the  steam  turbine 
field,  whereby  it  will  be  possible  to  effect  material  improvement  in 
efficiency  of  the  consolidated  electric  steam  heating  plant  and  to  pro- 
vide means  for  comparing  different  types  of  plants.  One  of  the 
new  developments  is  the  construction  of  an  automatic  type  of  tur- 
bine unit,  designed  to  supply  both  electric  power  and  exhaust  steam 
efficiently.     The    variables    encountered    in    both    the    heating    and 


*From  a  paper  presented  before  the  National   l>i-triet  Heatinu  Associa- 
tion,  at   Detroit,    Mich.,   June    2j,    1912. 
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:tric  load   make   such   an   automatic   device   all-important,   and 

while    temperature    fluctuations    and    hourly    variations    in    central 

loads,  peaks  at  dusk  and  diminishing  demand  throughout 

the  remainder  i>i  the  day.  are  now  matters  of  common  knowledge, 

the  presentation  of  certain  facts  relating  thereto,  will  undoubtedly 

imbue  the  mind  of  the  central  station  operator  with  a 

keener  appreciation  of  these  elements.      They  are,  therefore,  taken 
up  in  considerable  detail  and  graphic  charts  employed   freely. 

:  PERATURE    FACTORS 

As  this  paper  is  concerned  principally  with  heating  require- 
ments, a  study  of  the  seasonal,  daily  and  hourly  variations  in  some 


FIG.    I       MONTHLY  TEMPERATURE  CURV1 

a  temperature  for  each  month  compiled  from  observations 
-     Signal    Service   and    Blodgett's    Climatology   of    the 
United  States. 

ical  latitude  where  a  heating  plant  may  he  installed,  will  be 

taken  up  first  The  monthly  temperature  for  the  year  from  the 
U.  S.  Signal  Service  and  Blodget's  Climatology  for  eight  first-class 
cities  of  this  country  are  reproduced  in  Fig.  I.  Although  data  of 
the  large  cities  is  used,  it  is  not  expected  that  developments  are 
mainly  to  arise  in  such  places.  (  )n  the  contrary,  smaller  cities  offer 
better  'unities  as  the  areas  covered  are  less,  and  condensa- 

tion and   friction   1  may  he  better  controlled.     However,   the 

records  of  the  larger  cities,  which  are  more  readily  obtainable,  are 
given  simply  as  an  index  of  the  sections  centering  about  them. 


coMiuxnn  central  plants 
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Pittsburgh  climatical  conditions,  with  possibly  the  exception 
of  a  small  difference  in  humidity,  proves  itself  to  be  a  fair  average 
between  latitudes  38  and  43  degrees,  which  embrace  the  territory 
investigated.  This  is  shown  more  clearly  in  Fig.  2  where  the  aver- 
age of  all  these  curves  is  shown  by  the  dotted  line,  while  a  twenty- 
year  average  for  Pittsburgh  is  represented  by  the  heavy  line.  In 
work  of  the  kind  here  presented,  it  is  necessary  of  course  to  make 
a  broad  compass  of  conditions  in  order  that  we  may  not  be  mis- 
guided by  exceptional   records. 

The  analysis  of  these  conditions  is  no  wise  complete  if  we 
rest  content  in  arriving  at  our  results  by  using  simply  the  monthly 
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FIG.   2 — MONTHLY   TEMPERATURE   CURVE  AT   PITTSBURGH,   PA. 

The  dotted  curve  is  based  on  U.  S.  Signal  Service  observations 
and  Blodgetts's  Climatology  of  the  United  States  and  represents 
an  average  of  the  atmospheric  temperatures  in  Buffalo,  Chicago, 
Cincinnati,  Detroit,  Indianapolis,  Philadelphia  and  St.  Louis. 

The  heavy  curve  is  based  on  an  average  of  20  years  C 1891- 
1010),  of  observations  by  the  U.  S.  Weather  Bureau  at  Pittsburgh, 
Pa.     This  curve  is  the  one  used  in  the  accompanying  calculations. 

figures.  Effects  of  not  only  daily  changes,  but  the  hourly  varia- 
tions as  well,  must  be  properly  examined.  Hence  the  records  of 
the  U.  S.  Weather  Bureau  at  Pittsburgh  have  been  consulted,  and 
twenty-year  averages  have  been  plotted  in  Fig.  3. 

ACTUAL   STEAM    CONSUMPTION    OF    HEATING   SYSTEMS 

The  exhaust  steam  demand  through  the  year  will  depend  upon 
the  extent  and  character  of  the  heating  system.  It  is  unsafe  to 
generalize  on  these  matters,  and  it  will  require  that  some  specific 
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example  be  followed  through;  i.e.,  a  station  be  studied  in  which 
the  electric  and  heating  load  characteristics  may  be  proportioned 

with  a  fair  measure  of  certainty.  Although  some  arbitrary  as- 
sumptions  may  be  necessary,  there  is  ample  existing  data  to  guide 
US  in  our  judgment  in  this  work.  An  assumed  station  has  hcen  laid 
out  accordingly  (see  Fig  151  to  contain  three  1  (xx>  kilowatt  auto- 
matic bleeder  turbines  and  two  1  000  kilowatt  standard  condensing 
turbin*  This    station    is    intended    to   serve   a  maximum    aver- 

heating  demand  of  650OO  pounds  of  steam   per  hour,   and   an 
electric  peak  of  4600  kilowatts.      These  demands  occur  during  dif- 
ent  months  of  the  year,  the  high  electrical  peak  in   December, 
and  the  greatest  heating  consumption  in   February. 


3  —  HOURLY    ATMOSPHERIC   TEMPERATURES    AT   PITTSBURGH,   PA. 

ges   for  20  years   (1891-1910),  of  observations 
the  IT.  5.  Weather  Bureau. 

The  ratio  of  the  maximum  kilowatts  to  heating  steam  demand 
of  the  plant  under  consideration,  is  1  to  14.2.  Manifestly  this  may 
be  greater  or  less,  depending  upon  the  locality  and  the  extent  to 
which  the  electric  and  steam  business  has  been  developed,  remem- 

ring  also  that  residential  heating  may  become  a  large  factor  in 
in<  1  the   ratio.     From  the   facts  at  hand,   this  determination 

r   an   ideal  case  seems  justly  warranted.     Any  deviations   from 

such  a  relationship  as  obtains  herein  will  only  go  to  emphasize  the 

value  of  extreme  flexibility  in  the  type  of  generating  units  which 

should  constitute  principally  the  modern   power  station  located   in 

or  cities  where  distribution  of  steam  heat  has  its  fitting  place. 
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According  to  "Central  Station  Facts  and  Factors"*  and  from  pri- 
\  ate  reo  >rds,  the  conditions  under  discussion  apply  approximately  to 
a  city  of  about  eighty  thousand  to  one  hundred  thousand  population. 
Next  in  order  is  the  derivation  of  the  hourly  steam  consump- 
tion for  different  outside  temperatures  (.standard  inside  room  tem- 
perature of  70  degrees  F.  understood)  and  these  are  arrived  at 
empirically  from  available  data,  as  given  in  Fig.  4.  It  should 
be  noted  that  ordinarily  the  amount  of  steam  consumption 
in  the  heating  system,  does  not  vary  materially  from  hour 
to  hour  throughout  the  day.  Mr.  F.  ('.  Chambers,  in  his 
paper    before    the     National    District     Heating    Association,     last 
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The  dotted  curve  is  derived  from  a  curve  given  by  F.  C. 
Chambers,  on  page  &2  of  the  Proceedings  of  the  National  Dis- 
trict Heating  Association  for  1911. 

The  circles  represent  points  given  by  a  6000  k\v  Central 
Station  in  Illinois. 

The  full  line  represents  an  average  curve  assumed  for  the 
accompanying  calculations. 

year,  showed  that  such  conditions  prevail,  and  this  is  largely 
confirmed  by  another  example  in  the  report  of  the  Commit- 
tee on  Steam  Heating  of  the  National  Electric  Light  Associa- 
tion, read  at  their  recent  Seattle  convention.     The  relationships  ap- 


*A  paper  presented  by  Mr.  J.  R.  Cravath  before  the  Ohio  Electric 
Light  Association.  July.  mm.  Sec  Electrical  World.  Aug.  4.  [910,  p.  246 
also  Electrical  World.  Apr.  2~.  1011.  p.  1040. 
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iring  in  these  curves,  form  therefore,  a  basis  for  the  subsequent 

calculation-. 

PRESSURES    IN    THE    BEATING    MAINS 

A.s  the  outside  temperature  decreases  and  the  steam  con- 
sumption in  the  heating  system  changes  correspondingly,  the  pres- 
sure at  delivery  from  the  power  house  must  be  raised  to  over- 

tne  the  friction  losses  and  effect  of  condensation  which  increases 
the   demand  becomes  greater.     A    schedule    of    pressures     is 
usually   established,   and   the  curves   in   Fig.  6  will    indicate   suit- 
ably the  proportionate  pressures  that  should  exist   at  the  outgoing 
feeders   from  the  power  house  for  different  outside  temperatures. 
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These  figures  are  somewhat  arbitrary,  as  it  is  obvious  that  the  ab- 
solute pressures  in  any  case  will   depend  upon  the  size  of  mains 

1  and  their  length  or  lineal  equivalent.  Usually  the  pressures 
are  kept  at  a  slightly  higher  point  during  the  day  than  at  night. 

This  phase  of  the  problem  introduces  another  feature  which 
must  be  taken  into  account  in  the  design,  or  else  in  the  method  of 
operating  the  prime  mover.  The  less  the  machine  will  be  disturbed 
or  affected  by  such  conditions,  the  greater  the  safety  of  the  plant, 


•This  curve  is  from  a  paper  by  F  C.  Chambers  and  may  he  found  on 
page  8i  of  the  Proceedings  of  the  National  District  Heating  Association 
I    :   : yl I. 
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because  of  the  smaller  liability  of  accident  or  derangement  due  to 
neglect  of  such  conditions  at  the  proper  time. 

To  illustrate,  a  Corliss  engine  may  be  arranged  and  regulated 
so  that  steam  may  he  bled  from  the  receiver.  A  high  receiver  pres- 
sure on  the  engine  may  frequently  be  necessary  in  cold  weather  at 
light  loads  which  will  cause  looping  and  resulting  pounding  and  may 
become  very  serious.  This  means  among  other  things, that  in  the  en- 
gine plant  equipped  with  reciprocating  engines,  the  greatest  care  must 
be  taken  in  choosing  the  proportions,  and  moreover,  corresponding 
vigilance  in  operation  is  required  in  order  to  secure  the  last  frac- 
tion of  economy.  The  automatic  bleeder  turbine  which  is  herewith 
described  in  detail,  is  quite  impervious  in  operation  to  pressure 
changes,   and    furthermore   the   results   are   accomplished   with   the 
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greatest  facility.  In  addition,  it  is  within  the  bounds  of  possibility 
that  the  pressure  valve  of  the  automatic  bleeder  turbine  might  safe- 
ly be  provided  with  thermostatic  control  where  such  may  be  de- 
sired to  insure  uniform  service. 


NATURE   OF    ELECTRICAL    LOAD 


\\ "hen  the  probable  characteristics  of  electric  load  are  contem- 
plated, we  find  there  are  limitless  "permutations  and  combinations," 
so  to  speak.     Sporadic  curves  have  been  collected  and  reproduced 


*For  a  more  general  treatment  of  the  pressures  required,,  see  chap.  II, 
"Central  Station  Heating" — Byron  T.  Gifford,  1912. 
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in    Fig.   7  which  have  been  compared  on  a  proportionate  instead 
of  an  absolute  scale.     Again  flexibility  becomes  the  "byword." 

The  shape  of  the  curves  is  influenced  by  the  various  kinds  of 
loads  connected  on  the  system — motors,  electric  irons  and  special 
appliances.  Contracts  for  off-peak  service  may  produce  a  rather 
flat  load  curve,  as  exhibited  by  curve  i.  At  the  present  time,  this 
last  condition  is  more  of  an  unusual  order  than  regularly  obtains, 
so  for  our  purpose  it  has  been  necessary  to  gauge  the  most  repre- 
sentative kinds  of  loads,  and  curves  8  and  p  for  the  winter  and 


FIG.     / — SOME    OCCURRING    LOAD    CURVES 


summer  months  respectively  have  been  determined  upon  from  our 
general  knowledge  of  the  situation. 

TYPES  OF  STEAM-ELECTRIC   UNITS 

Reciprocating  engines  have  been  used  principally  where  the 
heating  demand  was  a  large  factor.  They  have  been  simple  or 
compound  non-condensing,  compound  condensing  with  provision 
for  bleeding  from  the  receiver,  or  else  the  plant  has  consisted  of  a 
ibination  of  these  types  in  order  to  produce  the  best  results  for 
whatever  conditions  exist  and   must  be  met.     Compound   recipro- 
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eating  engines  with  moderate  cylinder  ratios,  have  been  often  se- 
lected so  that  the  engine  may  run  alternately  condensing  or  non- 
condensing  as  the  demands  may  dictate,  but  it  will  be  plain  from 
Fig.  14  that  a  large  loss  of  economy  will  be  suffered  during  the 
non-heating  seasons,  as  well  as  during  times  of  light  heat  demand. 
Non-condensing  steam  turbines  have  been  installed  in  a  few  cases, 
as  well  as  condensing  steam  turbines  where  steam  has  been  bled 
from  the  intermediate  stage. 

There  has  been  devised  within  the  last  two  years,  a  special 
turbine  in  which  the  steam  not  bled  is  automatically  diverted  to 
the  low  pressure  section.  The  earlier  types  of  engines  and  turbines 
are  already  well  understood,  but  it  will  be  of  advantage  to  present 
a  full  description  of  this  new  design. 


FIG.   8 — DETAILS  OF  AUTOMATIC  BLEEDER  TURBINE  FOR  COMBINED  ELECTRICAL 

AND    HEATING  LOADS 

A  single  flow  turbine  with  automatic  bleeder  valve  designed 
for  moderate  sizes,  is  shown  in  Fig.  8.  It  will  be  seen  that  the 
construction  closely  resembles  a  standard  condensing  turbine,  the 
main  departure  being  the  locating  of  a  diaphragm  between  the  in- 
termediate and  low  pressure  stages,  the  flow  of  steam  being  regu- 
lated by  a  gravity  controlled  valve  G.  Live  steam  is  admitted  at  V , 
and  passing  through  the  high  pressure  and  intermediate  sections, 
part  is  diverted  to  the  heating  system  through  the  connection  F, 
the  surplus  passing  through  the  valve  G  to  the  low  pressure  section 
and  thence  to  the  condenser.  The  action  of  the  bleeder  valve  G 
depends  entirely  upon  the  influence  of  its  own  weight  and  the  aux- 
iliary or  counter-weights  H  and  /  respectively.     These  consist  0/ 
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tl.it  cast  iron  discs  resembling  the  standard  scale  weights.  Adding 
wrights  at  //  increases  the  pressure  which  the  valve  G  will  main- 
tain in  the  compartment  E  and  consequently  in  the  heating  supply 

tern.  Transferring  weights  to  /  will  obviously  reverse  the 
effect  and  decrease  the  pressure  of  the  steam  delivered  to  the  heat- 
ing system.  In  other  words,  the  valve  may  always  be  adjusted  to 
comply  exactly  with  the  pressure  demanded  by  the  heating  system 
and  any  variations  that  may  occur.  The  special  construction  of 
the  piston  G  i>  very  important  as  it  secures  steam  sealing  against 
air  leakage  for  all  positions  of  the  valve.  Steam  pressures  in 
chamber  E  reach  the  annular  space  through  passages  cut  in  the 
bottom  of  the  valve.  Snap  ring  packing  at  5*  minimizes  all  ex- 
ternal leakage;  whatever  may  take  place  accumulates  in  the  com- 
partment Q  and  escapes  to  the  outside  of  the  building  through  a 
vent  pipe  connected  at  U. 

There  may  he  frequent  occasion  to  disconnect  the  turbine  from 
the  heating  system  and  to  operate  the  unit  independently  of  the 
bleeder  valve.  This  may  occur  in  summer  months  when  there  is 
no  demand  for  an  exhaust  steam  supply.  The  valve  may  be  lifted 
entirely  out  of  the  zone  of  action  by  turning  the  hand  wdieel  //'. 
When  the  hand  wheel  is  at  its  lowest  position  the  valve  becomes 
automatic  and  may  assume  any  position  in  its  travel  which  is  de- 
termined by  the  balance  of  the  steam  pressure  in  space  11  and  the 
valve  weights. 

In  some  installations  it  may  be  desirable  to  bleed  all  the  steam 
from  the  turbine  for  extended  periods.  If  the  turbine  is  fairly 
well  loaded,  as  it  would  probably  be  under  these  circumstances,  it 
would  prove  more  economical  to  have  the  steam  pass  through  the 
entire  turbine,  providing  none  escapes  to  the  atmosphere.  This 
would  be  accomplished  by  an  arrangement  of  piping  such  that  the 
condenser  could  he  cut  out  and  the  entire  exhaust  from  the  tur- 
bine directed  into  the  heating  system.  This  scheme  may  be  follow- 
ed out  in  the  power  house  lay-out.  Fig.  15. 

It  is  far  more  essential  that  there  be  no  interruptions  of  the 
pressure  on  the  electric  system  than  is  the  case  in  the  supply  of 
heat.     Should   the   lights  or  motors   stop  there  will   invariably  be 

ne  more  or  less  serious  complaint  made  of  the  service,  while  a 
short  cessation  of  heat  supply  will  more  than  likely  be  condoned. 
Moreover,  there  is  natural  storage  capacity  in  the  heating  mains, 
radiators    and    the    rooms    themselves.     But    the    instant    the    line 
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pressure  fails  in  the  electric  system,  the  light  and  power  cease,  un- 
less there  is  a  storage  battery  floating  on  the  line,  now  rarely  in- 
stalled and  used.  In  view  of  these  circumstances,  it  is  possible  to 
attach  a  special  device  to  the  turbine,  which  at  times  of  brief  heavy 
I leaks  in  the  electric  load  will  automatically  disconnect  the  turbine 
from  the  heating  system  allowing  it  to  operate  strictly  condensing 
and   thereby   develop   its  maximum   power. 

The  rotor  of  this  bleeder  turbine  is  shown  in  a  separate  view, 
Fig.  9.  The  bearing  surface  for  the  cylinder  diaphragm  packing 
separating  the  intermediate  and  low  pressure  sections,  is  in  full 
view,  and  the  counter-balancing  dummies  are  shown  at  the  left. 

Several  central  stations  have  already  availed  themselves  of 
this  type  of  unit.  One  example  is  given  in  Fig.  10,  which  shows 
the  engine  room  of  the  Kokomo  Public  Utilities  Company,  Kokomo, 


FIG.  9 — ROTOR  FOR  AUTOMATIC  BLEEDER  TURBINE  OF   I  OOO  KW  CAPACITY 

Indiana,   in  which  a   i  ooo  kilowatt  automatic  bleeder  turbine  ap- 
pears in  the  foreground. 

CHARACTERISTICS    OF    STEAM-ELECTRIC    UNITS 

Non-condensing  turbines  have  been  greatly  improved  in  con- 
struction, so  that  for  moderate  and  large  sizes,  they  may  be  proper- 
ly classed  as  a  close  competitor  of  the  steam  engine.  Typical  water 
rates  of  a  i  to  3  ratio  compound  Corliss  engine  of  1  000  kilowatts 
capacity  are  given  in  Fig.  11,  the  conditions  of  operation  being 
150  lbs.  gauge,  dry  and  saturated,  inlet  pressure,  with  back  pres- 
sures of  2  lbs.  absolute  and  1.5,  5.5  and  10.5  lbs.  gauge  re- 
spectively. It  will  be  appreciated  that  the  condensing  water  rate 
of  the  reciprocating  engine  is  by  no  means  excellent,  owing  to  the 
fact  that  it  has  non-condensing  cylinder  ratios,  and  moreover,  it 
was  not  deemed  necessary  to  maintain  a  high  vacuum.  In  this 
same  diagram  is  also  presented  for  comparison  the  economy  of  a 
1  000  kilowatt  standard  condensing  turbine  operating  under  150  lbs. 
gauge  initial  pressure  dry  steam  and  28  inch  vacuum. 


COMBINED  CENTRAL  PLANTS 


675 


Regarding  the  comparative  operation  of  the  automatic  bleeder 

and  the  turbine  with  the  intermediate  stage  tap,  it  will  be  found  that 
in  addition  to  providing  a  large  atmospheric  steam  supply,  both  the 
efficiency  and  power  is  greater  than  that  of  a  turbine  bleeding 
steam  from  the  intermediate  stage.  An  appreciation  of  this  feature 
will  be  had  in  reviewing  one  of  the  characteristics;  viz.,  direct  vari- 
ation of  stage  pressures  with  load,  which  applies  to  all  makes  of 
turbine^  except  the  Curtis  first  stage  inlet  where  the  full  boiler 
pressure    is    utilized    at    all    loads    due    to   variable    nozzle    control. 
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PIG.    II — TOTAL    STEAM    CONSUMPTION    OF   COMPOUND 
ENGINES     AXD    TURBINES — I  000    KW     UNITS 

Taking  dry  saturated  steam  at  150  lbs.  pres- 
sure under  average  operating  conditions. 

However,  beyond  the  first  stage,  the  Curtis  turbine  is  affected  in 
exactly  the  same  manner  as  in  other  types,  and  therefore,  suffers 
corresponding  losses  from  bleeding  at  the  intermediate  stage,  ex- 
cluding of  course  any  design  built  especially  for  bleeding  operation. 
High  pressure  nozzle  control  has  admittedly  the  advantage  of  great- 
er bleeder  capacity  than  the  by-pass  overload  system  taking  steam 
from  the  intermediate  stage,  but  the  quantity  of  steam  heat  which 
may  be  furnished,  is  practically  identical  with  the  new  Parsons 
bleeder  turbine  of  equal  power. 
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In  any  arrangement  bleeding  from  the  intermediate  Stage  in- 
let, the  possible  work  to  be  obtained  in  this  stage  is  lost.  The  dis- 
tribution of  work  throughout  a  turbine  is  divided  roughly  as  two- 
tenths  in  the  high  pressure,  three-tenths  in  the  intermediate,  and 
five-tenths  in  the  low  pressure  section.  This  shows  the  significance 
of  expanding  the  steam  through  the  intermediate  section  before 
utilizing  it  in  a  heating  system.  While  these  proportions  are  more 
ecially  true  of  the  Parsons  turbine,  the  Curtis  may  vary  somc- 


PIG.    I-'  —ADVANTAGES  OF  LOW   PRESSURE  OVER  IN- 
TERMEDIATE STAGE  BLEEDING 

what  in  the  high  and  low  pressure  sections,  but  the  intermediate 
work  is  approximately  the  same. 

The  advantage  derived  from  bleeding  at  the  entrance  of  the 
low  pre^-ure  section,  i.^  shown  graphically  in  Fig.  12,  the  upper 
portion  of  which  indicates  the  pressure  variation  at  the  entrance 
of  the  intermediate  section.  With  the  bleeder  connection  at  this 
point,  considerable  throttling  losses  occur,  as  will  be  appreciated 
from  lines  A  and  F>  representing  the  pressure  at  the  latter  section 
and  the  heating  system  respectively. 
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For  every  pound  of  steam  bled,  there  will  be  a  loss  in  expan- 
sive energy  corresponding  to  the  pressure  drop  from  the  intermedi 
ate  section  to  the  exhaust.  If,  however,  the  steam  is  expanded 
throughout  this  section  before  bleeding,  the  energy  loss  will  be  cor- 
respondingly reduced,  the  amount  being  equivalent  to  the  additional 
work  performed.  The  large  drop  in  pressure  occurring  in  the  high 
pressure  stage  does  not  indicate  that  this  section  is  doing  a  pro- 
portionate share  of  the  work  as  the  heat  drop  through  high  pressure 
ranges  is  far  less  than  through  the  same  range  at  lower  pressure. 
The  lower  set  of  curves,  Fig.  12,  compare  the  loss  in  capacity  which 
would  be  caused  by  the  two  bleeding  systems  for  varying  percent- 
ages of  steam  bled,  assuming  an  equal  amount  of  steam  passing 
through  each  turbine.  The  quantity  of  heat  per  pound  theoreti- 
cally lost  by  cutting  short  the  expansion  at  the  intermediate  pres- 
sures determined  by  the  pressure-load  line  A,  has  been  computed 
and  expressed  on  a  percentage  basis  for  different  amounts  of  steam 
bled.  Values  thus  obtained,  are  shown  by  dotted  lines,  the  solid 
lines  representing  losses  that  occur  with  the  improved  method  of 
bleeding  from  the  low  pressure  section.  It  is  therefore,  evident 
that  the  vertical  distance  between  curves  corresponding  to  equal 
bleeding  demand,  closely  approximate  the  saving  affected  by  a 
bleeding  arrangement  utilizing  steam  at  low,  rather  than  at  inter- 
mediate pressure.  In  addition  to  being  more  economical,  low  pres- 
sure bleeding  permits  the  operating  of  the  heating  system  with  the 
overload  valve  of  the  turbine  open.* 

WORKING    RESULTS — TOTAL    CONSUMPTION    OF    MAIN    UNITS 

With  the  character  of  the  steam  and  heating  loads  laid  down, 
and  the  performances  of  the  different  units  ascertained,  the  results 
for  each  successive  month  may  be  developed.  In  deriving  the 
final  curves,  Fig.  14,  an  average  curve  sheet  for  each  month  has 
been  prepared,  and  these  appear  serially  in  Fig.  13.  To 
keep  the  related  curves  together,  the  average  hourly  tem- 
peratures were  transferred  from  Fig.  3  and  the  steam  re- 
quired for  heating  during  the  day,  from  Fig.  4.  The  average 
hourly  steam  required  is  obtained  from  Fig.  4,  and  the  variations 
occurring  from  hour  to  hour  are  interpolated  from  the  previous 
data.     The  quasi-sinusoidal  curves  of  the  average  day  of  the  month 


*For  a  discussion  of  the  performance  characteristics  of  automatic  hleeder 
turbines,  see  "New  Developments  in  Steam  Turbine  Engineering"  by  the  au- 
thor in  the  Journal  for  April,  1912,  p.  292. 
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MEAN    JANUARY    DEMAND 

10.4    pen 

l\.'.    II;-  .    1   86 »0. 


•  ■•'_! i I 3 ui — U_ 

MF  H     DEMAND 

]■■  rc<  m. 
Total    Kw-Hrs.,    1  260  000. 


MAY     DEM  ■ 

I 

.    1010  000. 


MEAN    FEBRUARY    DEM  VND 

Load   Factor,  89. 2  percent. 
Total    Ku   His.,    1  220  000. 


MEAN    APRIL    DEMAND 

Load    Factor,   88.8  percent, 
fotal    Kw-Hra.,   1  120  000. 


MEAN     JUNE    DEMAND 

Load    Factor,    2K4    percent, 
Total    Kw-Hrs.,    942  000. 


FIG.   1.3 — REPRESENTATIVE  DAILY  GRAPHICAL  LOG 
factor  applied  to  Station  Capacity  and  not  the  Maximum  Demand, 
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MEAN      SEPTEMBER     DEMAND 

I    Factor,   30   percent. 
Total    K\v-Hrs.,    995  000. 


MEAN    NOVEMBER    DEMAND 
Load   Factor.   34.1'    percent. 
Total   Kw-Hrs..    1  137  000. 


MEAN    AUGUST    DEMAND 

Load    l  'actor,   29  i  en  ei  I . 
Total    Kw-Hrs.,   990 


MEAN    OCTOBER    DEMAND 
i  actor,    3  1 .8   pen 
Total   Kw-Hrs.,   1  090  000. 


MEAN    DECEMBER    DEMAND 
Load    Factor,   38   percent. 
Total    Kw-Hrs.,    1  300  000. 


FOR    5  OOO  KW   STATION 

The  heaviest   peak   load   usually   occurs   during   the   holiday    season    in    De- 
cember, but  it  must  be  remembered  the  monthly  mean  only  is  here  employed. 
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have  been  made,  in  the  case  of  the  twelve  conditions  introduced,  to 

>pond  with  the  typical  monthly  difference  throughout  the  year. 

The  total  capacity  of  the  units  in  service  is  shown  by  the 

pped-lines.  The  units  in  operation,  whether  engine  or  turbine 
equipment,  are  scheduled  on  these  average  daily  sheets,  and  this 
was  planned  so  that  no  hasty  cutting  in  or  out  of  different  types 
would  be  necessary  if  the  load  swung  widely  from  the  normal. 
Furthermore,  there  is  ordinarily  an  appreciable  surging  of  the  load 

that  the  curve  of  outpul  is  quite  irregular  instead  of  smooth  as 
represented.  The  use  of  the  smooth  curve  is  permissible  however, 
in  order  to  facilitate  the  process  of  working  out  the  final  quantities, 


MMAKY    CI').' . 

Tl  •  hatched  area  indicates  a  saving,  amounting  to  10.6 

rcent,  to  be  effected  by  bleeder  tu rbii  1  • 

so  long  as  proper  regard  of  the  deviations  is  taken  when  de- 
termining a  practice  to  follow  in  connecting  or  disconnecting  the 
unit-  from  the  bus-bars.  This  means  that  the  non-condensing  pis- 
ton engines  are  used  more  than  theoretically  necessary  with  the 
attendant  sacrifice  in  economy.  Taking  the  loads  and  the  steam 
and  referring  hack  to  the  original  data,  the  various  points 
on  the  final   steam  consumption  curve  wen-  determined. 

n  the  monthly  curve  s1  own  the  fact  that  for  a  few 

hours  in  the  early  morning  the  power  load  is  so  light  that  live  steam 

mu^t  he  hied  to  the  heating  main.     This  live  steam  is  taken  as  part 

of  the  plant  consumption,  and  is  included  in  the  curves  in  Fig.  14. 

According  to  the  curve  in   Fig.  4  there  would  be  no  demand 
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for  heating  steam  when  the  outside  temperature  reached  aboul  60 
degrees,  and  since  the  average  monthly  temperatures  of  May  and 
September  are  more  than  60  degrees,  no  heating  requirement  is 
shown  tor  these  months.  It  is  evident,  however,  that  during  a 
part  of  these  months  some  steam  would  he  required,  and  hence  the 
value  of  the  Total  Steam  for  these  two  months  has  been  increased 
slightly  when  transferred  to  Fig.  14.  which  presents  graphically 
the  fart  that  the  automatic  bleeder  turbine  plant  follows  the  heat- 
ing steam  requirement  curve  much  more  closely  than  the  compound 
engine  plant,  indicating  about  10.6  percent  less  steam  used  per  year 
by  the  bleeder  turbine  equipment  than  by  the  piston  engine  plant. 

While  the  automatic  bleeder  turbine  installation  has  not  show  11 
itself  to  develop  very  much  better  steam  economy  than  the  engine 
plant  in  the  particular  case  worked  out,  it  is,  nevertheless,  consid- 
erably better  when  the  other  operating  aspects  are  taken  into  con- 
sideration. It  is  to  be  noted  in  connection  with  the  basic  data  used 
that  the  engine  economies  are  those  which  have  been  wrought  out 
through  many  years  of  development,  and  that  maintaining  them  in- 
volves attention  on  the  part  of  the  operating  force  greatly  in  excess 
of  that  required  by  the  turbine.  <  )n  the  other  hand,  the  turbine 
economies  are  very  conservative  since  this  type  of  machine  is  in 
the  early  part  of  its  development  period.  When  viewed  from  the 
various  angles,  it  is  definitely  evident  that  the  turbine  of  the  special 
design  described  would  serve  the  central  station  interests  best.  By 
adjusting  itself  automatically  to  all  changes  in  conditions,  these  re- 
sults show  that  this  type  of  plant  becomes  inherentb  of  higher 
economy  than  any  other  plan   which  has  been   devised. 

0THEK    ECONOMICAL    FACTORS 

The  students  of  power  plant  engineering  have  come  to  under- 
stand that  the  items  of  engine  room  cost  may  be  reduced  with  tur- 
bine machinery  over  that  of  piston  engine  operation,  providing  the 
size  of  the  plant  is  at  least  2000  to  3000  kilowatts.  Labor,  main- 
tenance, oil  and  investment  should  obviously  be  less,  and  moreover 
with  the  elimination  of  the  oil  in  the  exhaust,  the  pipe  lines  and 
radiators  should  require  less  attention. 

THE  POWER  HOUSE  I.  VY0UT 

\<  exemplified  in  Fig.  15.  some  novel  and  advantageous  fea- 
tures may  be  introduced  in  a  plant  of  this  kind,  all  exciters  may  be 
direct  coupled  to  the  generate  »r  shaft.      An  auxiliary  exciter  for  emer- 
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gency  m  ly  prove  a  wise  precaution.  In  no  case,  then,  need  the  drive 
of  the  auxiliary  machinery  be  selected  with  a  view  of  a  precise  heat 

balance.  It  should  be  chosen  entirely  on  the  ground  of  greater 
reliability  and  convenience.  Such  steam-driven  auxiliaries  as  may 
be  provided  would  be  connected  into  a  common  exhaust  leading  to 
the  bleeder  main  in  the  power  house.  From  this  bleeder  main  a 
branch  would  supply  the  exhaust  for  the  feed  water  beater  and 
may  in  turn  be  regulated  by  a  suitable  thermostatic  valve. 

It  will  be  seen  that  the  extra  heating  main  in  the  power  bouse 
adds  no  complication.  In  future  power  house  plans,  it  will  be 
desirable  to  immediately  have  designs  so  arranged  that  this  new 
bleeder  proposition  may  at  any  time  be  introduced  without  any 
material  alteration.  As  a  public  utility,  district  beating  may  grow 
rapidly  in  popularity  and  the  far-sighted  managements  will  no 
doubt  prepare  themselves  for  this  development.  When  coal  prices 
rise,  this  state  of  affairs  will  be  hastened.  The  automatic  bleeder 
turbine  unit  costs  but  approximately  jy2  percent  more  than  the  stand- 
ard condensing  machine,  and  it  may,  therefore,  be  the  better  part  of 
wisdom  in  many  cases  to  install  such  a  type  of  machine,  notwith- 
standing the  fact  that  no  heating  system  may  exist  at  present  or 
be  immediately  projected.  Moreover,  with  a  unit  of  this  construc- 
tion, its  properties  should  possess  no  small  value  as  it  should  suffer 
least  from  obsolescence. 

QUALIFYING    CONDITIONS 

Apparently  no  set  recommendations  may  be  made  unless  local 
conditions  are  absolutely  known.  For  instance,  if  natural  gas  or 
low  priced  coal  of  good  quality  exist  in  the  vicinity,  a  combined 
plant  may  not  be  considered  favorably.  However,  such  sections 
are  few,  and  with  coal  prices  generally  on  the  advance,  drawbacks 
of  delivery  of  fuel,  unsatisfactory  burning,  the  growth  in  the  idea 
of  steam  heating  as  a  modern  convenience,  enactment  of  rigid 
smoke  ordinances  and  the  like,  may  stimulate  the  steam  heating  in- 
dustry, although  in  the  first  mentioned  cases,  it  may  be  consider- 
ably retarded.  The  entire  paper  deals  with  exhaust  steam  heating. 
The  hot  water  system  has  its  advantages  in  some  sections,  and  it  is 
probable  even  in  that  event  that  the  same  type  of  station  as  herein 
discussed  should  be  installed,  except  that  a  closed  heater  should 
also  be  introduced  and  be  connected  with  the  bleeder  nozzle  of  the 
special  turbine  described. 


SOME  NOTES  ON  LOADING  LARGE  ALTERNATING- 
CURRENT  GENERATORS 

i     D.  NEWBtRY 

THE  obvious  impossibilit)  of  loading  large  alternating-current 
erators  at  the  manufacturers'  works  under  actual 
energy  load  has  led  to  the  development  of  various  methods 
of  approximating  such  actual  load  conditions.  The  methods  in 
common  use  arc  : — 

i — Separate  open-circuit  and  short-circuit  tests; 
2     Zero  power-factor  tests;  and 

3 — The  so-called  direct-current  open-delta  test  in  which  the 
held  winding  is  excited  to  generate  the  full-load  core  losses  (as 
nearly  as  these  can  he  approximated  on  open-circuit)  and  the  arm- 
ature winding  is  connected  in  delta  with  one  corner  open  through 
which  direct-current  is  introduced. 

OPEN-CIRCUIT    AND   SHORT-CIRCUIT    METHOD 

In  the  open-circuit  and  short-circuit  tests,  the  generator  is 
tir>t  tested  with  the  armature  winding  on  open-circuit  and  the  field 
winding  excited  usually  to  give  a  higher  armature  voltage  and  core 

>s  than  under  normal  load  conditions  to  compensate  for  the  ab- 
sence of  the  armature  winding  loss.  Obviously,  the  temperature 
measurement  of  the  armature  winding  is  of  little  value.  To  obtain 
an  adequate  measure  of  the  temperature  rise  of  this  part,  the  anna 
ture  winding  is  short-circuited  through  ammeters  and  tin-  field  ex- 
cited sufficiently  to  circulate  more  than  normal  full  load  current. 
Under  these  conditions  the  core  and  field  winding  losses  are  much 

-  than  under  normal  load  conditions  and,  consequently,  the  tem- 
perature  measurements   on   these   parts    arc    of    little    value.     The 

n-circuit  test,  therifore.  is  of  value  to  determine  the  ci, re  and 
field  winding  temperature  and  the  short-circuit  tesl  to  determine 
the  armature  winding  temperature. 

The  open  circuit  and  short-circuit  test-  have  the  advantag( 

iplicity  in  operation  and  in  apparatus  required.  No  testing 
equipment  is  required  other  than  a  small  driving  motor  and  the 
measuring  instrument-.  For  this  reason  it  is  often  the  only  pos- 
sible method  that  can  be  carried  out  under  factory  conditions.  The 
main  disadvant  the  method  is  the  uncertainty  in  the  proper 

interpretation  of  the  results.     This  uncertainty  arises  from  the  fact 
that  the  core  loss  and  armature  winding  loss  are  not  present  in  the 
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same  test,  so  that  the  combined  effect  of  the  two  losses  on  the  core 
and  winding  temperatures  must  be  approximated  from  the  separate 
test  results.  Experience  has  shown  that  in  the  large  majority  of 
machines  the  normal  load  core  temperature  will  be  lower  than  the 
open-circuit  core  temperature  when  the  open-circuil  voltage  is  ap- 
proximately ten  percent  higher  than  normal,  and  that  the  normal 
load  armature  winding  temperature  will  be  lower  than  the  short- 
circuit  test  results  when  the  short-circuit  current  is  approximately 
25  percent  higher  than  normal.  This  increase,  however,  varies 
with  the  amount  of  insulation  on  the  winding,  i.e..  with  the  gener- 
ated voltage — a  smaller  increase  being  required  with  the  higher 
voltages. 

I 'ait.  unfortunately,  experience  has  also  shown  that,  in  occa- 
sional machines,  the  open  ami  short-circuit  results  form  no  guide 
whatever  to  the  actual  load  results.     For  example:— 

With  a  number  of  water  wheel  driven,  3<»<><>  k.v.a.,  2200  volt, 
60  cycle  225  r.p.m.  generators  tested  six  years  ago.  the  open-circuit 
te^t  showed  a  core  temperature  rise  of  32  degrees  ami  the  short- 
circuit  test  showed  an  armature  winding  temperature  rise  of  30  de- 
grees. The  temperature  rise  in  the  core  on  short-circuit  test  was 
also  30  degrees.  These  results  were  all  well  within  the  guarantees 
and  the  design  of  the  generators  was  not  questioned.  After  ship- 
ment, tests  on  normal  load  developed  the  fact  that  the  core  tem- 
perature rise  was  not  below  32  degrees  hut  above  50  degrees.  (  >n 
the  other  hand,  the  temperature  rise  of  the  armature  winding  was 
well  below  the  results  on  short-circuit  test,  I  icing  i<;  degrees. 

The  high  core  temperature  was  reduced  by  correcting  faulty 

air  circulation,  and  a  repetition  of  the  compromise  and  actual  load 

tests  gave  the  following  results : — 

(Armature    core....   27  degrees 

Open-circuit  test    (15%  over-excitation) Armature   winding.    17 

I  Field    winding 28 

j    \rmature    core.  ...    15 

Short-circuit   test    (normal   current) -Armature   winding.    15 

I  Field    winding 6 

Actual  load  (average  of  5  tests);  100  per-  (  Armature  core....  30 
cent  power-factor;  normal  current  and  Armature  winding.  15 
voltage    I  Field    winding 23 

With  proper  air  circulation,  there  is  substantial  agreement  be- 
tween the  results  of  the  compromise  and  actual  load  tests.  Com- 
parison of  the  open-circuit  and  short-circuit  tests  before  and  after 
changing  the  ventilation  shows  very  little  change  in  core  tempera- 
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ture  on  open-circuit,  but  shows  a  marked  change  on  short-circuit. 
l'hi>  and  subsequenl  experiences  have  shown  thai  a  high  core  tem- 
perature rise  *  mi  short-circuil  test,  even  though  below  the  guaran- 
tee, should  be  questioned  as  indicating  faulty  core  ventilation. 

\  minor  disadvantage  of  the  short-circuil  and  open-circuil 
method  of  test  is  the  inability  to  adequately  tesl  the  field  winding 
for  temperature  and  exciting  voltage  margin.  The  field  current 
used  in  the  open-circuil  test  is  approximately  equal  to  the  field  cur- 
rent required  at  full  load  and  ioo  percent  power-factor.  To  test 
with  a  field  current  even  approaching  that  required  for  the  maxi- 
mum load  and  low  power-factor,  for  which  the  generator  is  de- 
led, would  result  in  a  prohibitive  core  loss  and  temperature. 
With  this  method  of  testing,  the  guarantees  involving  the  field 
winding  must  he  checked  by  calculation  from  the  relatively  low 
field  current  used  in  the  test. 

These  limitations,  inherent  in  the  open  circuit  and  short-circuit 

method  of  testing,  have  led  to  the  practical  abandonment  of  this 

method,  except  in  those  cases  where,   from  lack  of  equipment,  a 

better  test   cannot   he  made.     When   the  method   is  used,  care  and 

tended  experience  is  necessary  in  the  interpretation  of  the  results. 

ZERO   POWER-FACTOR    MKTIIOD 

The  zero  power-factor  method  of  loading  has  almost  entirely 
replaced  the  open-circuit  and  short-circuit  method.  With  this 
method  the  generator  under  test  is  operated  in  parallel  with  a  gen- 
erator of  the  same  voltage  and  frequency,  and  of  at  least  equal  cur- 
rent capacity.  The  generator  under  test  is  over-excited  and  the 
erator  in  parallel  with  it  under-excited  until  the  desired  arma- 
ture current  flows.  The  generator  under  test,  therefore,  is  opera- 
ting under  normal  voltage,  normal  current,  and  a  field  current 
whose  value  approximates  the  maximum  which  will  ever  he  re- 
quired under  operating  conditions.  The  test  is,  therefore,  made 
under  more  conditions  than  actual  full  load  at  any  operating 

power-factor.  This  is  a  desirable  condition  from  the  standpoint 
of  both  manufacturer  and  purchaser.  Although  possibly  not  gen- 
Uy  appreciated,  it  is  none  the  le^s  true,  that  the  best  interests 
*he  manufacturer  demand  tests  which  will  be  more  severe  rather 
than  less  severe  than  actual  operating  conditions.  The  responsible 
manufacturer  is  more  int<  I  in  preventing  the  shipment  of  de- 

fective apparatus  than  the  purchaser,  since  the  correction  of  defects 
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is  much  more  expensive  after  shipment  than  before,  not  to  mention 

the  loss  in  good  will  that  the  shipment  of   defective  apparatus  i^ 
apt  to  entail. 

The  one  limitation  in  the  application  of  the  zero  power-factor 
method  of  loading  is  the  necessity  for  testing  equipment  equal  in 
k.v.a.  capacity  to  the  generator  under  test.  When  there  are  two 
duplicate  generators  being  built,  this  limitation  obviously  does  not 
apply  since  one  generator  can  be  tested  in  parallel  with  the  other. 
This  duplicate  generator  will  not  always  be  available  and,  in  some 
cases,  even  when  it  is,  the  expense  for  a  duplicate  test  rig  may  be 
prohibitive.  This  is  generally  the  case  with  large  vertical  genera- 
tors where  the  thrust  bearing  is  supplied  as  part  of  the  water  wheel. 
Under  such  circumstances,  to  employ  this  method  of  test  requires 
expensive  testing  equipment  covering  a  range  in  voltage,  frequency, 
phase  and  k.v.a.,  equivalent  to  that  of  the  manufacturers'  out] ait. 
To  meet  these  conditions,  one  of  the  large  electric  manufacturing 
companies  has  installed  a  testing  generator  of  6000  k.v.a.  capacity. 
and  the  same  capacity  in  transformers.  Either  single  large  genera- 
tors or  a  number  of  smaller  units  are  tested  simultaneously  at  zer<  1 
power-factor  from  this  large  testing  generator.  Numerous  com- 
parative tests  made  at  zero  power-factor  and  under  actual  load  con- 
ditions show  the  substantial  agreement  between  the  zero  power- 
factor  and  actual  loading. 

DIRECT-CURRENT    OPEN-DELTA    METHOD 

In  some  cases  where  the  equipment  for  zero  power-factor  tests 
is  not  available,  for  example  in  the  case  of  a  40  or  50  cycle  gen- 
erator, the  direct-current  open-delta  method  may  often  be  used  in 
the  case  of  three-phase  generators.  This  method  of  loading,  while 
not  approximating  actual  load  conditions  as  closely  as  the  zer<  1 
power-factor  method,  does  approach  such  conditions  much  m<  »re 
closely  than  the  open-circuit  and  short-circuit  method.  The 
armature  winding  of  the  generator  under  test  is  connected 
in  delta,  if  not  originally  so  connected,  one  corner  of  the 
delta  is  opened,  and  direct-current  equal  to  normal  current 
is  introduced  at  this  point  and  circulated  through  the  arm- 
ature winding.  The  core  loss  is  obtained  by  exciting  the 
generator  as  for  the  open-circuit  test,  but  since  the  armature 
winding  loss  is  present  the  excitation  need  be  no  greater  than 
for  normal  voltage.  The  test  conditions  are  tin-  same  as  actual 
load  conditions,   except   for  the  lower   field   winding  loss   and    for 
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whatever  difference  results  from  the  use  of  direct  current  instead 
of  alternating-current. 

\\  uli  direct-current  in  the  armature  winding,  a  stationary  field 
up  which  will  produce  eddy  currents  in  am   solid  portions  of 
the  rotating  part.     This  direct-current   field  lias  a  pole   for  each 
phase  of  cadi  pole  or  three  times  the  number  of  poles  of  the  gen- 
tor.     With  chorded  armature  windings,  the  value  of  this  held 
reduced  until,  with  a  three-phase  winding  having  a  throw  equal 
to  two-thirds  of  the  pitch,  this  direct-current  field  disappears.  With 
alternating-current   in  the  armature  winding,  the  field  due  to  the*' 
armature  current  rotates  synchronously  with  the  rotor  so  that  these 
arc  not  present.     These  losses,  however,  arc  negligible  with 
rotors  having  laminated  poles.     This  method,  therefore,  is  practi- 
cally limited   to  generators   having   such    rotors,   and.    in   general, 
rotors  without  any  considerable  mass  of  solid  metal  unless  the  arm- 
ature winding  is  considerably  chorded. 

'Idle  correct  field  current  to  use  with  this  method  of  loading  is 
very  little  more  than  the  field  current  to  give  normal  voltage  on 
open  circuit  and  no  appreciable  error  is  introduced  by  the  use  of 
a  value  of  field  current  corresponding  to  open-circuit  normal  volt- 
Obviously,  the  excitation  should  be  such  as  to  duplicate  full- 
s  nearly  a^  this  can  he  duplicated  without  alternat- 
ing-current in  the  armature  winding.  This  condition  will  he  at- 
tained when  the  excitation  is  sufficient  to  produce  the  flux  required 
for  an  induced  voltage  giving  normal  terminal  voltage  and  normal 
armature  current.  The  flux  is  equal  to  the  flux  required  to  pro- 
duce an  open-circuit  voltage  representing  the  vector  sum  of  ter- 
minal voltage,  the  voltage  drop  due  to  armature  resistance,  and  the 
voll  Irop   <hu-   to    -elf-induction   of   that    part    of   the   armature 

winding  outside  of  the  core.  Tin-  larger  field  current  actually  re- 
quired by  load  conditions  >unted  for  mainly  by  armature  de- 
magnetization )  i-  neutralized  by  the  armature  load  current  and 
does  not  result  in  increased  armature  flux.  That  this  value  of  field 
current  i-  substantially  correct  is  shown  by  numerous  where 
the  results  of  this  method  of  loading  have  been  compared  with  re- 
sult- from  the  zero  power-factor  method  and  from  actual  energy 
load. 

MPARISON    OI     RESULTS 

An  interesting  in   which   such  comparison   was   possible, 

was  the  te-t  of  a  12500  k.v.a..  6  600  volt.  300  r.p.m.,  50  cycle  ver- 
tical water  wheel  generator.     With    an    armature    current    of    877 
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amperes,  corresponding  to  iuum  k.v.a.  al  6600  volts,  and  with  a 
field  current  of  28]  amperes  on  zero  power  factor,  tin-  temperature 

rises  were: — 

Armature  core  35.5  degn 

Armature  winding 35 

Field  \\  Ending 37.5 

\\  ith  the  same  armature  current,  using  direct  current,  and  with  a 
terminal  voltage  of  0700  (requiring  170  field  amperes),  the  tem- 
perature rise>  were: — 

Vrmature  core  36     degrees 

Armature     winding -"1.5 

Field  winding  17 

The  field  excitation  was  slightly  above  that  required  for  open-cir- 
cuit normal  voltage,  and  the  core  temperature  was  slightly  above 

that  obtained  on  the  zero  power-faetor  tot.  It  will  he  noted  that 
the  armature  winding  temperature  was  somewhat  below  the  rise 
with  zero  power-factor,  which  should  he  expected.  The  field  wind- 
ing temperature  is.  of  course,  considerably  below,  hut  will  he  found 
practically  in  proportion  to  the  reduced  loss. 

Another  example  showing  the  comparative  results  with  the 
direct-current  open-delta  method  and  actual  energy  load,  is  afford- 
ed by  the  same  3  OCX)  k.v.a.  generators  mentioned  above  in  connec- 
tion with  the  eomparison  between  open  and  short-circuit  method 
and  actual  load.  After  the  difficulties  with  ventilation  were  cor- 
rected, tests  were  made  using  the  direct -current  open-delta  method 
of  loading  in  order  to  prove  whether  the  change  had  actually  cor- 
rected the  difficulties.     The  results  of  these  tests  were  as  follows: — 


Method   of  Loading  and    Load 

Armature        Armature            Field 
u  inding           \\  hiding 

Direct  current;  full  load;  normal  voltage. 
Actual     full    load;    normal    voltage;     100 

Direct   current;    15   percent   over-voltage; 
tS  percent  over-current. ,    

27                    14                     19 
30                 I s                 23 
39                21                 30 

39                 -'4                  34 

Actual  load;    15  percent  over-voltage;  25 

Another  case  where  comparative  tests  with  actual  load  and 
with  direct-current  loading  are  available  concerns  some  5000  k.v.a.. 
300  r.p.m.,  6  000  volt,  50  cycle  generators.  The  results  are  as  fol- 
lows : — 
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Temperature    Ri  ■ 


Actual  load;  too  percent  power  factor....         34  30  36 

t-current  loading   

percent  actual   load    

■  •  '  ad,  direct  current  


Vrmature 

\i  Midline 

\\  Inding 

34 

30 

35 

25 

\3 

46 

1- 

40 

Field 
\\  inding 


-.1 
-7 
20 


Vgain,  with  some  [400  k.v.a.,  2300  volt,  -'no  r.p.m.,  60  cycle 
erators,  the  following  comparative  results  were  obtained: — 


Temperature    Ri 


Method  '                8   "d    Load                        Armature  Armature  1  ield 

1  \\  inding  \\  inding 

Direct-current  loading  22                14  8 

power-factor  loading  24.5            i~  17 


I  't   the  three  methods  of  loading  discussed,  there  is  no  ques- 
n  but  that  the  zer<>  power-factor  method  more  nearly  approaches 
ual  load  conditions,  and  the  results  will  be,  if  anything,  unfavor- 
able to  the  apparatus.     This  is  particularly  true  of  the  field  winding 
mperature,   but   this   temperature   can   easily   be    reduced    to   the 
guaranteed  condition  in  proportion  to  the  losses.     The  direct-cur- 
rent open-delta  method  of  loading  gives  results   very  closely  ap- 
ximating  actual  load  conditions,  but  the  results  will,  if  anything, 
be  ble  to  the  generator.     The  armature  winding  temperature 

will  be  slightly  lower  than  under  actual  load  conditions,  and  the 
field  winding  temperature  will  be  considerably  below  the  maximum 
rating  conditions.  Accurate  correction  can  be  made  for  the 
held  winding  temperature,  but  no  satisfactory  correction  can  be 
made  for  the  armature  winding  temperature.  The  short-circuit 
and  open-circuit  method  of  loading  gi  tis factory  results  with 

machines  having  satisfactory  air  circulation,  but  this  method  will 
not  directly  detect  faulty  design  in  this  respect.     The  results  will, 
however,   indicate  such   defect    indirectly,   and   the  method   may  be 
1  when  neither  of  the  other  methods  are  feasible. 


THE  ENGINEERING  BASIS  OF  PROGRESS 

CHAS.  F.  SCOTT 

The  University  of  Cincinnati  has  organized  a  number  of  cooperative 
courses  in  which  the  student  devotes  a  part  of  his  time  to  practical  work 
at  frequent  intervals.  The"  courses  in  engineering  now  cover  five  year-,  of 
eleven  months  with  alternating  periods  of  work  in  the  University  and  of  ser- 
vice in  the  factories  and  industries  of  the  city.  The  following  article  was 
delivered  as  the  commencement  address  before  the  graduating  class  of  the 
University  of  Cincinnati,  June,  1912. — [Ed.]: 

WITHIN  the  past  week  I  overheard  two  gentlemen  discus 
ing  the  business  situation  and  the  relation  of  the  govern- 
ment to  financial  policies  and  the  control  of  corporations. 
One  of  them  declared,  "No,  you  can't  tell  me  that  the  business 
methods  which  have  come  from  a  thousand  years  of  experience  are 
wrung  and  need  serious  change."  I  was  tempted  to  ask  whether 
his  grandfather  might  not  have  said,  "Xo,  yon  can't  convince  me 
that  the  stage  coach,  the  evolution  of  a  thousand  years  will  be  dis- 
carded for  an  engine  on  wheels."  But  the  stage  has  gone,  the 
horse  car  has  disappeared  and  automobile  manufacture  has  in  a 
decade  become  one  of  our  most  important  industries.  And  these 
but  typify  the  changes  which  have  taken  place  on  every  hand.  I 
have  lived  in  Pittsburgh,  where  the  little  forge  in  which  Andrew 
Carnegie  became  interested  fifty  years  ago  has  become  the  most 
gigantic  corporation  in  the  world.  I  have  moved  to  New  England 
where  the  poetry  of  Priscilla's  spinning  wheel  has  been  lost  in  the 
hum  of  great  textile  mills.  But  I  need  not  continue,  for  you  are 
familar  with  many  instances  in  which  progress  within  your  easy 
recollection  exceeds  that  of  a  preceding  century. 

Are  all  these  things  independent,  or  are  they  somehow  related. 
and  can  it  be  that  they  have  directly  or  indirectly  resulted  from  a 
single  fundamental  cause?  A  short  time  ago  I  examined  with 
much  interest  a  mechanical  dictionary  published  in  Paris  about 
1750.  It  was  a  large  book  and  had  many  excellent  engravings 
which  showed  machinery  of  various  kinds  for  working  wood  and 
metal.  There  were  lathes  and  large  hammers  and  many  ingenious 
devices  which  were  the  prototypes  of  present-day  machine  tools. 
In  fact,  so  many  familar  things  were  shown  that  one  began  to  won- 
der how  much  is  really  new  in  modern  machinery.  But  there  was 
one  fundamental  difference,  the  old  machines  and  tools  were  all 
operated  by  hand  power.  They  were  designed  before  the  days  of 
James  Watt.  The  little  hand  hammer  of  olden  times  has  become  a 
steam  hammer  of  a  thousand  tons;  the  little  lathe  is  now  a  great 
power  lathe  cutting  great  ribbons  from  the  hardest  steel;  a  man's 
arm  no  longer  drives  the  tool  but  his  hand  directs  the  power  of  the 
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ine.  riic  engine  on  the  ship  replaces  the  gallej  slave,  and 
the  locomotive  whistle  sounded  the  death  knell  of  the  stage  horse. 
Mechanical  power  has  produced  vasl  changes  in  every  phase  of  life; 
there  is  scarcely  a  material  that  we  use  in  our  buildings,  or  our 
clothing  "i"  for  food,  thai  has  nol  been  acted  upon  by  mechanical 

Mr  in  manufacture  and  in  transportation.  The  developmenl  of 
mechanical  power  is  no  simple,  ordinary  thing  it  is  preeminentl) 
unique,  it  stands  alone  as  the  great  physical  event.  Mr.  Morrison 
entitled  his  book  describing  it  as  "The  New  Epoch,"  the  only  one 
since  civilization  began.  The  strain  engine  supplied  the  power 
which  underla)   the  progress  of  the  nineteenth  century. 

The  applications  of  electricity  have  increased  marvelously,  be 
use   electricity   is  a  useful   means  of   distributing  and   using  me- 
chanical power.     It  simply  enlarges  the  field  in  which  the  engine 
has  produced  such  overwhelming  results.     At  the  Centennial   Ex- 

sition,  thirty-six  year-  ago,  two  of  the  remarkable  exhibits  were 

ngine  of  t  OOO  horse-power  and  a  dynamo  which  operated 

one  arc  lamp.     Steam  turbines,  developed  to  operate  dynamos,  are 

now  made  of  30000  horse-power  capacity,  and  larger  ones  will 

m  follow.  By  the  electric  method  power  can  be  carried  many 
miles  and  used  for  lighting  streets  and  houses,  For  running  railway 
trains  and  street  car-,  for  operating  elevators  and  printing  pres 
milU  and  factories,  sewing  machines  and  ventilating  fans,  for 
ing,  and  a  thousand  heating  devices,  and  it  can  ozonize  and 
purify  the  air  we  breathe  and  the  water  we  drink.  Power  has 
transformed  the  method-  of  transportation  and  manufacture  in  the 

t:  in  the  future,  in  electric  form,  it  is  likely  to  effei  I  correspond- 
ing transformations  in  domestic  life. 

ne  of  the  results   of  the  use  of  mechanical   power  is  that 
thii  inducted  on  a  larger  scale.     The  locomo- 

tive has  made  our  country  a  unit,  smaller  in   size  as  measured  by 
time  and  1  than  were  the  original  colonies.     A  gentle- 

man told  me  a    few  da  that  he  had  come  from  <  lima  by  regu- 

lar route-  of  travel  in  twenty  day-     doubtless  more  quickly  and  far 
more  comfortably  than  was  a  journey   from  Maine  to  Carolina  sixty 
A    continent,    or    in    fact    the    whole    world,    becomes 
a  compact  unit.     Wheat   from  Alberta  or  Argentina  reaches   Lon- 

.  about  as  cheaply  as  it  used  to  come  from  the  field-  of  England. 
In  manufacture  the  engii  ted  the  large  mill  and  factory,  en 

abling  men   to   work   effectively   in   large  groups.     Electricity   has 

nderfully  extended  the  possibilities  of  cooperative  action.     The 
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telegraph  and  telephone  have  perfected  the  transmission  oi  intelli- 
gencej  making  possible  political,  commercial  and  social  action  on 
a  vastly  large  -'-ale-,  while  electric  transmission  and  distribution  of 
power  is  bringing  together  into  combined  operation  things  that  were 
diverse  and  unrelated.  The  operation  of  lighting  systems,  and  street 
railways,  and  factories  and  sewing  machines,  and  cooking  stovi 
all  from  a  single  water  power  or  strain  engine  established  a  physi- 
cal hasi>  for  the  public  service  corporation.  Modi-  of  life  have 
changed.  Each  family  does  not  raise  its  own  food  ami  make  its 
own  clothes.  We  depend  upon  one  another  for  the  necessitii  -  of 
life.  Isolation  and  individual  independence  have  given  way  to 
intercourse  and  mutual  dependence.  The  engine  has  laid  the 
basis  for  a  new  kind  of  community  life.  To  use  large  mechan- 
ical power  and  to  develop  large  results  in  human  activity  men  musl 
now  act  together.  In  other  words,  the  new  mechanical  or  physi- 
cal hasis  which  the  application  of  power  has  given  to  modern  so- 
ciety supplies  tb.e  means  for  a  new  way  of  living  and  establishes 
a   new  order  of  civilization. 

To  see  how  the  human  re-adjustment  follows  the  new  physical 
conditions  we  have  only  to  examine  some  of  the  important  prob- 
lems of  the  present  time: — 

The  Interstate  Commerce  Commission,  with  its  enlarging  in- 
fluence and  authority,  has  its  basis  in  the  original  Constitution  of 
the  United  States.  Interstate  commerce,  however,  as  we  now  know 
it,  hardly  existed  in  the  first  three-quarters  of  a  century  of  the 
country's  history.  It  is  the  steam  locomotive  which  has  made  mod- 
ern  interstate  commerce  with   its  present  far-reaching  problems. 

The  conservation  of  our  water  powers  has  been  a  foremost 
economic,  legal  and  political  question  during  the  present  adminis- 
tration. Why  have  our  water  powers — quiescent  through  all  his- 
tory— come  to  acute  prominence  so  suddenly?  Tt  is  because  the 
electrical  engineer  has  shown  how  to  transmit  the  energy  of  the 
wasting  water  power  and  make  it  useful. 

The  relation  of  the  government  to  the  trusts  is  a  growing 
problem.  What  has  made  the  trusts?  On  what  physical  condition 
is  their  existence  based?  Practically  every  large  organization  is 
based  upon  manufacture  and  transportation.  The  extensive  use  oi 
power  makes  possible  economic  production  on  a  large  scale,  while 
modern  travel  and  freight  transportation  enable  men  in  different 
places  to  work  together  efficiently.  The  trust  did  not  exist  a  cen- 
tury ago  because  it  could  not.     These  new  economic  conditions  are 
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upon  the  new  engineering  conditions  and  it  is  folly  to  attempt 
maintain  the  economic  principles  and  practices  of  a  century  ago. 
The  producers  of  public  necessities  of  coal,  or  steel,  or  clothing, 
or  bread  have  not  the  freedom  of  individuals,  but  they  have  as- 
sumed obligations  as  public  servants,  whether  the)  be  termed  com- 
panies or  public  service  corporations  or  departments  of  the  govern- 
ment. The  statesman  or  reformer  who  attempts  to  meel  the  new 
nditions  by  the  rules  and  traditions  of  the  past,  without  recogniz- 
ing the  new  order  of  things,  will  fail,  h  is  the  method,  not  of  the 
traditional  lawyer,  hut  of  the  constructive  engineer,  which  is  needed 
to  bring  to  society  the  full  fruits  of  the  economic  advantages  "I 
the  modern  corporation. 

The  present  social  and  industrial  unrest  is  manifesting  itself 
in  acute  form  in  the  industrial  strike.  The  present  relations  be- 
tween labor  and  capital  have  been  brought  about  in  industry  and 
transportation  l>y  the  modern  methods  which  in  turn  are  based  up- 
on the  application  <»f  power.  Speaking  broadly,  the  engineer  has 
brought  into  modern  industry  new  conditions  for  efficient  produc- 
tion, and  men  have  not  as  yet  adjusted  themselves  in  justice  and 
efficiency  to  these  new  conditions. 

The  high  cost  of  living,  the  increasing  cost  of  food  and  of 
clothing  are  attracting  general  attention.  Now  the  cost  of  produc- 
tion i-  reduced  by  modern  manufacture  and  low  freight  rates.  The 
physical  factors  in  production  are  more  efficient  than  ever  before 
hut  we  have  not  yet  adjusted  the  human  element,  the  human  rela- 

the  relations  between  labor  and  capital,  and  we  have  not  se- 
cured an  efficient  means  of  distributing  the  wealth  now  produced. 
Another   of    our    presenl    problems    is    the    city.     The    census 
-hows  that  our  population  is  shifting  from  the  country  to  the  city. 
Now    the   city    depends    upon    applied    science    and    engineering    for 
il  basis,  and  it  i-  be<  ause  these  things  give  life  so  much 
larger  possibilities   that   men  are  drawn    from   the   isolation   of  the 
to  the  city.     Community  life  has   taken  on   a  new   form. 
The  political   and   administrative  methods   of   the  past   are   inade- 
quate.    The  old-time  political   appointee  cannot  he  trusted  to  run 
a  water  works  or  a  health  department.      In  city  life  and  city  gov- 
ernment the  question  \-  not  so  much  whether  science  and  engineer- 
ing are  adequate  to  meet   modern  needs  hut   whether  our  methods 

eminent  and  social  administration  are  such  as  to  utilize  what 

e  and  engineering  can  provid< 
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Citizenship  takes  on  a  new  phase.  The  individualism  and  in- 
dependence of  rural  life  must  give  way  to  common  interest  and  in- 
terdependence in  city  life.  Many  <>f  the  industrial  and  economic 
mistakes  of  the  present  result  from  an  attempt  to  apply  old-time 
ideas  regarding  the  freedom  and  liberty  of  the  individual  to  the 
new  conditions  of  community  life  and  mutual      dependence. 

The  new  order  of  things  which  is  a  logical  evolution  from 
the  application  of  science  and  the  utilization  of  power  during  the 
nineteenth  century  has  affected  tremendously  the  function  and 
methods  of  education.  We  all  know  of  the  great  growth  of  col- 
leges and  universities,  of  their  expansion;  not  only  in  scientific  and 
engineering  lines,  hut  in  a  genera!  breaking  away  from  classic 
traditions  to  the  wider  fields  of  modern  life.  Xew  types  of  edu- 
cation are  appearing.  Large  corporations,  such  as  stores,  manu- 
facturing companies  and  railroads,  have  instituted  schools  of  their 
own  for  training  men  for  their  particular  needs.  The  city  corre- 
sponds in  many  ways  to  an  industrial  organization.  It,  too,  needs 
trained  men  for  the  departments  of  its  service,  and  in  a  larger  sense 
it  needs  an  intelligent,  educated,  trained  citizenship  so  that  its  edu- 
cational, commercial,  manufacturing  and  social  activities  shall  be 
wisely  conducted.  The  true  object  of  a  city  is  to  secure  a  larger 
measure  of  life  for  its  citizens.  The  new  training  for  citizenship 
must  prepare  for  the  special  activities  in  city  life  and  must  above- 
all  impart  the  ideals  of  service,  of  efficient  cooperation  and  of  mu- 
tual dependence  upon  which  successful  city  life  must  depend. 

The  University  of  Cincinnati  has  a  world-wide  reputation  as 
an  exponent  of  new  ideas  and  new  methods  in  education.  It  is  a 
city  university.  It  assumes  new  obligations  between  the  university 
and  the  community.  Its  training  is  not  abstract  and  isolated,  but 
it}  is  concrete  and  in  contact  with  the  city  life,  it  is  cooperative, 
combining  theory  and  practice,  study  and  work,  knowledge  and 
experience,  it  is  a  training  for  useful  citizenship  in  the  complex 
life  of  the  modern  city.  This  is  not  a  freak  or  a  fad  in  educa- 
tion, but  it  is  a  logical  meeting  of  modern  conditions.  It  is  the 
logical  outgrowth  of  a  century's  development  in  a  new  epoch. 

YoU  who  graduate  to-day  are  fortunate  in  the  training  you 
have  received  and  still  more  fortunate  if  you  have  caught  the 
modern  spirit  for  which  this  university  stands.  I  have  told  you 
that  our  present  civilization  is  based  upon  the  scientific  applica- 
tions of  the  past  century  and  that  the  new  epoch  in  which  we  live 
is  the  epoch  of  mechanical  power.     The  engineer  studies   Xature's 
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>fs  and  works  in  conformity  with  them.     No  invention,  no  ma- 
chine can  succeed  which  does  not  resl  upon  a  basis  of  fad  and  of 
soning.      rhe  work  of  the  engineer  is  based  upon 
fidelity    t->   Nature's  physical   laws.     The   present    relations  of  the 
rporation  to  the  public,  and  of  the  worker  t<>  the  employer,  are 
ill-adjusted  because  we  do  not,  in  our  social  and   industrial   rela- 
llow  the  method  of  the  engineer.     Selfishness  instead  of 
xpediency  instead  of  right,  tradition  instead  of  new  con- 
ditions, arc  too  often  foremost.     Jusl  as  our  modern  ways  of  life 
I   upon  the  physical   mechanism   of  the  engineer  so  also 
must  our  social  methods  be  the  methods  of  the  engineer.     We  must 
discover  what  arc  the  fundamental  principles  of  justice  and  right 
well  as  of  physics  and  mechanics.     We  must   reason  correctly 
and  must  aim  at  the  same  high  efficiency  in  our  human  relations 
that  is  secured  in  the  engine  or  the  motor.     If  you  arc  to  be  law- 
yers or  business  men  <»r  mayors,  you  should  first  of  all  be  good 
engin< 

The  engineer  has  put  modern  life  upon  a  new  basis  by  apply- 
ing more  effectively  the  materials  and  forces  of  nature  to  the  u 
of  man.  lie  has  made  it  possible  for  a  hundred  men  or  even  a 
working  together,  to  accomplish  more  than  a  thousand 
S  alone.  The  constructive,  progressive  demand  of  the 
present  is  that  human  ability  and  human  forces  shall  also  hi'  ap- 
pli<  iently   for  the  benefit  of  all.     The  moral  principle  upon 

which  the  new  relations  must   rest   is  the  principle  of  service,  of 
benefiting  otl  >f   working   for  and   not   against,  of  peace  and 

not    war.   of    industrial    harmony    and    not    antagonism.      The    intcr- 
of  modem  life  also  finds  the  key  to  its  problems  in 
the  idea  of  ,  and  we  nov  i  new  meaning  in  the  saying 

die   Master  two  thousand  years   ago,   that   the  ^'  of   all    i 

the  nt  of  all. 

It  v  id  a  little  while  ago  that   Cincinnati,   for  promoting 

:i   inter*  ncv   in  in  the   Southern    Railway   and   that 

the  had  benefited  by  the  returns  upon   it-   investment.     The 

likewise  invested   their  money   in   this 
LV  You   who  graduate  are  the   security  which   the   LJni- 

in    return    to    the    <  itv.      You    represent    tin-    bonds. 

been  placed  in  you.     No  not  betray  that  trust  hut 

e   ample   return   in  0   the   city   which   has   trained    you. 

U  are  fortunate  in  the  ideal-  of  your  Alma   Mater.      You   have 

i  trained  in  the  ol  :  take  with  you  it-   spirit  and 

live  a  cooperati%e  1 


CHARACTERISTICS  OF  CO.UMLTATING  POLE 
ROTARY  CONVERTERS 

J.  L.  .McK.  YARDLEY 

Ci  (MMl  rATION  rather  than  armature  heating  had  been  the 
feature  which  limited  the-  output  of  normally  designed  non- 
commutating  pole  rotary  converters.  Thai  is.  ii  had  been 
easier  t • »  increase  the  output  per  pole  without  exceeding  very  con- 
servative heating  limits  than  to  commutate  the  increased  output 
without  objectionable  sparking  or  flashing  at  the  commutator.  The 
permissible  speed  was.  therefore,  a  factor  inherently  involved  in  the 
design  of  rotary  converters  and  depended  upon  the  number  of 
brush  arms  required  to  handle  the  current  at  the  particular  voltage 
and  frequency  employed.  Slow  speed  machines  of  comparatively 
large  proportions  resulted.  As  the  current  and  magnetic  den- 
sities were  low,  high  efficiencies  were  obtained  despite  the 
large  amounts  of  material  employed  and  no  special  ventilation  of 
the  armature  was  required  in  order  to  prevent  objectionable  in- 
creasing temperature^.  The  armatures  almost  invariably  had  an 
excess  heating  capacity  which  could  not  be  utilized  on  account  of 
limitations  at  the  commutator.  Obviously,  advance  in  the  art  ■•!' 
building  rotary  converters  was  dependent  upon  the  introduction 
of  some  feature  which  would  place  the  heating  and  commutating 
limits  more  nearly  on  terms  of  equality.  From  the  point  of  view 
of  the  economic  utilization  of  material,  therefore,  the  use  of  the 
commutating  pole  was  justifiable. 

Engineers  who  were  responsible  for  the  purchase  of  rotary 
converters  were  beginning  to  appreciate  the  importance  of  an  in- 
crease in  weight  efficiency.  They  began  to  want  the  maximum  per- 
formance in  the  least  space  and  at  a  minimum  cost,  and  in  order 
to  obtain  this  end  were  willing  to  abandon  their  ideas  derived  from 
the  previous  experience  with  non-commutating  pole  machines  rela- 
tive to  current  and  magnetic  densities,  peripheral  velocity,  r.p.m., 
and  pounds  per  kw.  [nteresl  in  this  subject  was  greatly  stimu- 
lated by  Messrs.  B.  G.  1. amine  and  F.  1).  Newbury,  through  their 
paper  on  "Interpoles  in  Synchronous  Converters"  read  before  the 
American  Institute  of  Electrical  Engineers.  November  n.  1910.* 
Tables  and  curves  were  given  showing  tin-  limits  which  had  been 


*This  appears  in  condensed  form  in  the  Journal  for  Dec.  1910,  p.  930. 
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lined  in  non-commutating  pole  converters  and  conservative  pre- 
dictions  were  made   relative  to  the   future  of  commutating   pole 

nverters.     Ii  will  be  interesting  to  poinl  out  whal  has  been  ac- 
complished since  that   date.     That   there  have  been  important   de- 
velopments is  indicated  by  the  rapidly  expanding  use  of  commit 
tating  pole  rotary  converters.     The  writer  has  been  engaged  in  the 

sign  of  a  complete  line  of  commutating  pule  rotarj   converters, 


I— 30rx>    KW.    600    VOLT,    -  ,        K.P.M..    COMMUTATINC 

POLE  ROTAKY  CONVEKTEB    FOB  RAILWAY   sKK 

and.   to  his   knowledge,   a  total   rapacity   of  8i  500  kw   has  been 
ted  for  within  the  past  year  from  one  manufacturing  com- 
which    39  000   kw   arc    now    building,   and    [5  500   kw   are 
already  shipped  or  in  operation. 

•   ,  ERISTICS 
The    introduction    of    the    commutating    pole    has    greatly    in- 
creased   the   permissihle    output    per    pole.     By    compensating    for 
the    armature    reaction    under    the    commutating    pole    to  a  greal 
extent     and     by     providing     a  properly     shaped     reversing     field 
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for  the  armature  conductors  short-circuited  by  the  brush  (i.e., 
undergoing  commutation),  the  previous  limits  as  to  "amperes 
per  brush  arm"  have  been  considerably  extended.  By  property 
distributing  the  losses  between  copper  and  iron  and  by  increas 
ing  the  core  ventilation,  a  construction  has  been  arrived  at  which 
yields    an    efficiency   as    high    or    higher,   and    a  temperature    rise 

no  greater,  than  that  of  the  pre- 
vious non-condensing  pole  con- 
verters, while  the  amount  of 
material  for  a  given  output 
has  been  considerably  reduced. 
Some  characteristics  of  commu- 
tating  pole  converters  which 
have  been  built  and  placed  in 
service  are  given  in  Table  I. 

The  first  rotary  converter 
referred  to  in  Table  1  is  illus- 
trated in  Fig.  1.  It  is  started 
from  the  direct-current  end  and 
is  operated  in  parallel  with  some 
1  500  lew  and  3000  k\v  non- 
commutating  pole  converters. 
3000  k\v  rotary  converter  This  converter  has  carried  peak 
~""wx   ,x  FI,;-   x  loads    as    high     as     10500    k\v. 

since  installation  last  December.  Its  field  construction  is  shown 
in  Fig.  2.  A  laminated  steel  commutating  pole  is  employed. 
The  pole  is  enlarged  at  the  base  to  give  rigidity  and  to  reduce  the 
magnetic  density  and  danger  of  saturation  on  overloads  due  to  the 
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TABLE  [—SOME  CHARACTERISTICS  OF  COMMUTATING 
POLE  ROTARY  CONVERTERS  NOW  IX  OPKRATION 


Normal  Kw       Max.  Momentary      -.-  ,. 

Rating.  Kw  <  '.uarantccd. 


Poles         R.  P.  M.     Cy. 


3000 

0000 

600 

16 

JOOO 

6000 

650 

12 

JOOO 

4000 

600 

8 

1500 

4500 

650 

8 

1500 

3000 

600 

6 

500 

1500 

l-'OO 

4 

25 

250 

25 

375 

25 

375 

25 

500 

25 

7SO 

reluctance  of  the  joint  when  a  cast  iron  frame  is  used.      The  wind- 
ing consists  of  one  turn  per  pole  of  several  copper  straps  in  parallel. 
Commutation  Tests — Commutating  pole  saturation  curves  cor- 
responding to  three  different  sets  of  adjustments  of  commutating 
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tative  i<»  line  amperes,  are  shown  in  Fig.  ,}.  and  the 

brush  potential  with  relation  to  the  commutator  which 

;pond  to  « lifl (.-rent  relations  between  line  and  commutating pole 

ampen  shown  by  the  curves  <>t"  Fig.  4.     The  abscissae  of  the 

curves  of  Pi|  ve  the  direel  currenl  flowing  in  the  armature  of 

the  converter,  designated  by  "line  amperes."     The  ordinates  give 

the  amperes  flowing  in  the  commutating  pole  winding,  designated 

auxiliary  ampen  It  will  be  observed  thai  these  are  straight 

line  curves  for  the 
higher  current  val- 
ues :  in  fact,  it'  car- 
ried further  for  line 
current  values  corre- 
sponding t<>  e\ en  too 
percent  overload,  they 
would  still  be 
straight,  indicating 
thai  the  fields  arc 
properly  designed  for 
operation  safely  be- 
low    the     saturation 

point       or       knee      of 

the  curve.     The    dis 
tance     between     t  It  e 

top     and     1)  o  t  t  <»  in 

curves    indicates    how 

far  the  commutating 
pol  e     flux     can      be 

changed      from      the. 

...     Thi    midd  i    -  i,r~t    value    lielorc    OD- 

tionable      sparking 
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will    be    experienced. 
In    other    words,    the 
d  i  s  t  a  n  c  e    bel  wet  n 
the^e   line     is    an    in 
•  f  the  commutating  margin. 
The  in  Fig.  4  give  the  brush  width  in  the  direction 

tmuta'  ;tion.  while  the  ordinates  give  the  volts  between 

brush  and  commutator  taken  at  four  equally  spaced  point-  along 
:he  brush  width,  including  the  heel  and  toe  of  the  brush.  For  the 
Pur  the  current  in  the  commutating  winding  v. 
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varied  independently  of  the  armature  current  and  the  voltage  was 
read  by  means  oi  a  low  reading  voltmeter  and  two  pointers,  one 
held  againsl  the  carbon  of  the  brush  near  the  commutator  and  the 
other  held  opposite  it  on  the  periphery  of  the  commutator.  The 
voltage  drop  readings  obtained  in  this  fashion  are  an  indireel 
measure  of  the  currenl  density  across  the  brush  width,  which,  for 
the  besl  results,  obviously  should  be  uniform. 

The  commutating  pole  winding  is  equipped  with  an  inductive 
shunt,  not  shown  in  the  illustrations  but  located  at  the  bottom  of 
the  frame.     By  means  of  resistance  in  series,  the  current  passing 

though  this  shunt  is  ad- 
justed t<  >  the  value  which, 
according  to  the  cur 
<>f  Figs.  3  and  4.  gives 
the  best  commutation. 
The  construction  of  the 
main  field  windings  is  the 
same  as  for  the  non- 
commutating  pole  ma- 
chines, except  that  the 
squirrel  cage  winding  in 
the  pole  face  (  which  is 
employed  both  as  a 
damper  and  as  a  starting 
winding  when  the  con- 
verter is  operated  self- 
starting  from  the  alter- 
nating-current side  1  is 
not  connected  between 
p<  »les.  I  f  the  cage  wind- 
ing were  connected  between  main  poles  it  would  form  a  short- 
circuit  path  of  low  resistance  about  the  commutating  pole  tip  and 
thus  tend  to  damp  out  the  variations  of  commutating  pole  flux  due 
to  changes  in  current  in  the  commutating  pole  winding. 

It  is  obviously  important  that  the  flux  from  the  commutating 
pole  be  equal  in  time  relation  and  proportional  in  amount,  to  the 
current.  Hence  the  use  of  the  laminated  commutating  pole.  It 
has  even  been  thought  advisable  by  some  designers  to  produce  an 
over-compensating  effect.  By  providing  more  turns  on  the  com- 
mutating pole  than  necessary  to  truly  compensate  for  armature  re- 
action and  produce  a  commutating  field,  and  by  shunting  the  ex- 
cess amperes  through  an  inductive  shunt  in  which  the  ratio  of  in- 
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FIG.  4 — BRC-ll  POTENTIAL  CURVES  OF  3  000 
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ductance  to  resistance  is  greater  than  in  the  commutating  pole 
winding,  the  relation  of  flux  t<>  amperes  may  be  changed  in  almosl 
an)  desired  degree.  Such  provision  has  so  Ear  been  made  on  a 
number  of  converters,  but  experience  lias  already  shown  thai  this 

litional  feature  is  unnecessary.  Where  a  shunt  is  unavoidable 
it  should  preferably  be  inductive,  particularly  if  the  load  is  fluctua- 
ting. In  this  connection  it  might  possibly  be  expected  thai  a  frame 
of  cast  steel  construction,  owing  to  its  greater  magnetic  retentivity, 

iuld  cause  the  flux  to  lag  so  that  noticeably  poorer  commutating 


g       i  .'.  [200    VOLT,    750    R.P.M.    COMMUTATING 

POLE   ROTARY    CONVERTER    FOB   RAILWAY    SERVICE 

View    taken    on    test    floor,   showing    large    synchronous   booster 
rotary  converter  in  background 

vould  result  than  with  east  iron  construction.      Such 
not  the         .  however;  and  it  has  been  found  that,  with  the  com- 
mutating winding  designed  so  that  no  current  need  be  shunted,  a 
method  of  construction  which  employs  laminated   steel   commuta- 
ting ith  a  teel   frame  enables  the  commutating  pole 
flux  to  meet  the  commutating  requirements  so  closely  that  heavy 
inging  overloads  may  be  carried  without  excessive  sparking. 
A    rotary   converter   of   the   latter   type,   having   laminate   steel 

•     teel  fran  hown  in  Fig.  5.     This 

It,   25  o  kw,  750  r.p.m.  converter   which  is 

f  handling  swinging  loads  up  to  1  500  kw  with' ait  a  shunt 

on  the  commutating  winding.     It  will  be  noted  that  this  converter 

;ith  flash  guards  at  the  front  and  rear  of  the  commu- 

tat  that,  in  f  a   flash-over   under   short-circuit   condi- 


COMMUTATING  POLE   ROTARY  CONVERTERS    703 

tions,  the  arc  is  prevented  from  damaging  the  armature  winding 
or  commutator  bushing  and  accordingly  the  converter  may  be  im- 
mediately placed  in  service  again  without  repair.  In  view  of  the 
high  voltage  on  the  commutator  the  addition  of  flash  guards  is  ad 
visable,  inasmuch  as  it  has  been  found  in  practice  that  any  commu- 
tating  machine  of  whatsoever  design  will  flash  over  under  short- 
circuit  conditions  unless  protected  by  a  sufficiently  quick  acting 
circuit  breaker.  In  passing,  it  may  be  mentioned  thai  the  ordinary 
types  of  circuit  breakers  operated  by  increase  of  current  are  en- 
tirely too  slow  for  this  purpose. 

A  standard  2000  kw,  600  volt,  ^y^  r.p.m.  commutating  pole 
rotary  converter  for  railway  service,  which  has  the  ability  to  carry 
a  100  percent  momentary  overload  without  objectionable  heating 
or  sparking  is  shown  in  Figs.  6  and  7.     This  converter  is  started 


FIGS.    6    AND    7 — 2000     KW,     25     CYCLE,     6oO  VOLT,  3/5   R.P.M.  ( DM  M I  TATING  P0L1 
ROTARY   CONVERTER    FOR    RAILWAY    SERVICE 


In  Fig.  6.  the  brush  lifting  lever  is  in,  indicating  that  the  brushes  arc  on 
the  commutator  fur  running.  In  Fig.  7.  the  lever  is  out,  indicating  the 
brushes  are  off  the  commutator  for  starting. 

by  the  direct  application  of  alternating-current  at  reduced  voltage 
to  the  collector  rings.  The  introduction  of  the  commutating  pole 
in  the  interpolar  space  has  so  changed  the  magnetic  conditions  sur- 
rounding the  conductors  short-circuited  by  the  brush  that  excessive 
sparking  would  result  at  starting  if  the  direct  current  brushes  were 
not  raised.  These  brushes,  with  the  exception  of  two  of  opposite 
polarity,  are  raised  by  a  simple  system  of  levers,  the  operating 
handle  of  which  is  seen  at  the  side  of  the  frame.  These  two  pil  >1 
brushes  are  of  reduced  width,  so  as  not  to  spark.  They  enable  the 
held  of  the  machine  to  build  up  and  pull  the  armature  into  syn- 
chronism. The  direct-current  voltage  is  made  to  come  up  with  the 
proper  polarity  by  means  of  the  field  break-up  and  reversing  switch 
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in  the   same  manner  as   with   non-commutating   pole  converters.* 
When  the  machine  is  in  synchronism  with  the  proper  polarity,  the 

rting   switch  is  thrown  to  the  running  position  and  the  brushes 

all  lowered  i<>  the  commutator.     Owing  to  an  increased  arma- 
ture reactance,  the  starting  voltage  required  for  commutating  pole 

verters  is  in  general  higher  than  for  non-commutating  pole  con- 
verters; while,  because  of  the  reduced  weighl  per  kw  and  because 
the  brushes  arc  off  the  commutator,  the  k.v.a.  input  is  greatly  re- 
duced. None  of  the  rotary  converters  1  ist c<l  in  Table  I.  requires 
more  than  50  percent  of  it-  full  load  k.v.a.  to  start  it  from  the 
alternating-current   end. 

A  1  500  kw  rotary  converter,  such  as  the  fifth  listed  in  Table  I, 

illustrated  in  li.ur-.  8  and  9.     This  converter  has  no  series  field 


25    CYCLE,    500    R.P.M.    COMMUTATING 
POLE    ROTARY    I  ONVERTER 

View   from  alternating-current  end 

winding.      I  ;  mmutating  field   winding  is  arranged   for  three- 

wii  ration.     The  converter  is  of  the  motor-started  type  and 

ichronized  by  mean-  of  reactance  coils;  that  is,  when  the 
motor  has  brought  th<  erter  to  a  -peed   in  the  neighborhood 

nchronism  and  the  voltage  of  the  machine  has  built  up  due 
lion,  the  alternating-current  circuil  i-  closed  with  suf- 
ficient reactance  connected  in  with  the  alternating-currenl 
leads  to  prevent  a:                   ••  flow  of  current  due  to  its  not  being 


*F  if  met!  the  field  hr<-ak-up  ami  reversing 

■irnal  Question  Box,  Sept.,  1910. 
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in  synchronism.  During  the  fraction  of  a  minute  required  to  pull 
into  step,  the  armature  "slips"  a  number  of  poles,  ami  in  so  doing 
causes  the  flux  in  the  commutating  pole  set  up  by  the  armature 
current. to  vary  in  amount  and  direction.  To  damp  out  this  pul- 
sating flux  and  prevent  had  sparking  at  the  momenl  of  synchroniz- 
ing, the  two  sections  <>f  the  commutating  winding  are  short-cir- 
cuited by  means  <>t'  solenoid  switches  which  arc  mounted  on  either 
side  of  the  frame  of  the  machine  and  are  electrically  interlocked 
with  the  switch  of  the  starting  motor  so  that  they  open  when  the 
starting  motor  circuit  is  opened. 


PIG.    <> — VIEW    FROM    DIRECT-CURRENT    END   OF    ROTARY    CONVERTER 

SHOWN    IX    FIG.  8 


It  is  not  intended  here  to  touch  on  the  developments  in  com- 
mutating pole  converters  for  sixty  cycle  supply  or  for  variable 
voltage  lighting  service.  The  discussion  of  these  developments 
will  be  left  to  a  subsequent  article.  The  examples  given,  how- 
ever, show  how  rapidly  the  application  of  this  class  of  machine  is 
extending  into  the  railway  service  where  the  supply  is  at  twenty- 
five  cvcles. 


LOCOMOTIVES  FOR  ELECTRIC  MINE  HAULAGE 

IMPORTANCE  OF  DETAILED  INFORMATION  COVERING 
OPERATING  CONDITIONS 

G    W    HAMILTON 

Much  ]i.«»  been  written  on  the  subjed  of  mine  haulage  from  the  viewpoin! 
rcial   engineer,  dealing  with  locomotives  required  to  handle  a 
maximum  output  over  maximum  grades   and   distances   during   the    working 
hours  of  the  day.   In  the  present  article  the  author  discusses  some  of  the  de 
tails  which  control  tins  output,  and  in  consequence  the  design  of  the  loc'omo 
[Ed.] 

IT  IS  a  simple  problem  to  estimate  the  weight  and  capacitj  of  a 
locomotive  which  will  haul  a  certain  <>ut]>ut  in.  say,  eight 
hours,  but  if  the  details  of  operation  from  face  to  tipple  are 
not  carefuly  considered,  the  output  secured  when  the  locomotive 
is  installed  may  fall  far  short  of  that  planned.  That  such  trouble 
and  disappointment  may  be  avoided,  the  conditions  throughout  the 
mine  should  be  obtained  and  the  locomotive  designed  to  meet  them, 
bearing  in  mind  that  a  successful  plant  is  one  in  which  equal  ser- 
vice is  given  to  all  engaged  in  the  same  work,  the  majority  of  the 
men  being  paid  by  the  ton  or  car. 

To  illustrate  this  problem  in  a  simple  way  two  estimates  will 
be  given  covering  the  equipment  required  to  handle  the  output  of 
a  mine  similar  to  those  located  throughout  central  Pennsylvania, 
the  first  one  being  based  on  incomplete  data  received  through  cor- 
ipondence,  and  the  second  one  on  data  secured  by  a  visit  to  the 
mine. 

ESTIMA1  l.    NO.    I 

Data  Furnished: — 

i — Gauge  of  track,  42  incl 

2 — Weight  of  rail  per  yard.  40 

3 — Radius  of  sharpest  cui  ft. 

4 — W«  (  empty  car,  2000  II 

load  in  1  ar,  j  000  lbs. 
mum  gi  ,3  percent. 

-    Length  of  haul,  one  way.  3000  ft. 

•  •  r   day.    1  200  ton-. 
-Working  time  per  day,  8  hours, 
'irect-current. 

From  this  information  the  locomotive   required   for  the  work 

may  be  estimated  as  follows: — 

•.hirh  at  two  tons  per  car,  requin  irs, 

if  600  ft.  per  tnin- 

1  minute-  for  running  time,  or  20  minutes   for  a  round  trip, 

minutes   at   each    end   of   the    run    for  coupling  up,   releasing   car 
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brakes,  etc    With  twenty   minutes  per   round   trip,  a   total  ol  twenty-four 
round  trips  may  be  made  in  8  hours,  and  to  secure  the  output  wanted  twenty- 
five  cars  must  be  bauled  per  trip.    As  no  rec  ird  of  the  length  of  the  maxi 
mum  grade  has  been  given  it  is  assumed  that  the  locomotive  will  pull  I 
twenty  five  loads  <>n  the  3  percent  grade,  which  must  therefore  be  at  1< 
four  hundred   feet   long.     The   fractional   resistance  of  the  cars  is  taken 
thirty  lbs.  p<  nd  of  the  locomotive  as  twenty  11>>.  per  I 

l  1  haul  _'5  loads,  each  weighing  three  tons,  or  a  total  of  75  tons,  up  a 
.}  percent  grade,  allowing  60  lbs.  per  ton  for  the  resistance  due  to  grade,  and 
.}(•  lbs.  per  ton  for  the  resistance  due  to  friction  (75  •  60  (-30  =  6750;,  will 
call  fur  a  running  drawbar  pull  of  <>7.;o  lbs.  Using  a  12  ton  locomotive, 
allowing  60  lbs.  per  ton  for  resistance  due  to  grade,  and  20  lbs.  per  ton  for 
re-.ist.ance  due  to  friction,  it  requires  for  its  own  operation  a  tractive  effort 
•f  960  lbs.  i  ij  •  <*>  20  =  960).  Then  the  total  tractive  effort  required 
equals  7  710  lbs. 

In  the  absence  of  further  data  covering  the  grades  through- 
out the  trip,  with  their  lengths,  the  frictional  resistance  of  the  car-. 
etc.,  the  square  root  of  the  mean  square  current  of  the  motors  in 
sen  ice  canot  be  figured,  and  the  equipment  placed  on  the  locomo- 
tive should  be  powerful  enough  to  mount  the  maximum  grade  with 
full  load  of  cars,  permitting  little  if  any  overload  on  the  basis  of 
the  one-hour  rating  of  the  motor  equipment.  On  reaching  the  mine 
it  was  found  that,  while  the  twelve  ton  locomotive  in  use  was  amply 
able  to  haul  twenty-five  cars  per  round  trip  and  make  three  round 
t rips  per  hour,  it  could  not  secure  the  output  desired,  and  a  visit 
to  the  mine  resulted  in  securing  the  following  information,  which 
will  make  up  the  second  estimate. 

ESTIMATE    NO.   2 

Data  Secured : — 

I — The  output  is  hauled  from  eight  cross  headings  and  rooms  by  four 
gathering  locomotives,  each  one  hauling  to  the  main  parting  from  140  to  160 
cars  per  day. 

2 — Number  of  cars  loaded  per  working  room  per  day,  5. 

3 — Xumber  of  cars  loaded  at  face  of  each  crass  and  main  heading  per 

da>r-  "•      .  . 

4 — Time  occupied  by  each  gathering  locomotive  in  making  a  round  trip 

with  14  to  16  cars,  from  rooms  and  face  of  cross  headings  to  main  parting, 
from  40  to  45  minutes.  (Loaded  cars  gathered  from  rooms  on  one  cross  head- 
ing, and  empties  placed  in  rooms  on  another  cross  heading  each  trip,    .) 

5 — Frictional  resistance  of  mine  cars,  from  20  to  24  lbs.  per  ton. 

6 — Location  of  main  parting  now  3000  ft.  from  tipple,  but  in  the  future 
will  be  4  200  ft. 

7 — Grades,  maximum  3  percent  against  load  for  600  ft. 

8 — Two  of  the  gathering  locomotives  work  on  the  east  side,  and  two  on 
the  west  side  of  the  main  north  heading,  which  is  the  main  road. 

With  each  gathering  locomotive  reaching  the  main  parting 
with  an  average  of  fifteen  loads  every  forty-five  minutes,  or  ten 
times  per  day,  if  the  main  haul  locomotive  made  a  round  trip  from 
tipple  to  parting  every  twenty  minutes  with  twenty-five  cars,  it 
would  not  serve  them  efficiently,  and  frequently  would  have  to 
wait  at  least  half  an  hour  before  hauling  its  first  trip  of  loaded 
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to  the  tipple,  rhis  condition  would  be  apt  to  occur  the  first 
thing  in  the  morning  when  the  majority  of  the  empty  cars  were  in 
the  rooms  or  cross  headings,  and  while  the  time  lost  during  the 
first  hour  could  be  offset  by  making  higher  speed  with  the  empty 
trips,  and  cutting  the  extra  time  from  ten  to  eight  minutes  per 
round  trip,  it  would  continue  t<>  occur  throughout  the  day,  and 
would  have  the  effect  of  causing  dissatisfaction  among  all  em- 
ploye< 

To  avoid  such  trouble  the  main  haul  locomotive  should  be  de- 
■u'd  t<>  place  on  the  parting  enough  empty  cars  per  trip  to  serve 
two  of  the  gathering  locomotives  simultaneously,  or  in  this  propo- 
sition from  thirty  to  thirty-two.  and  make  an  extra  trip  it'  desired 

revent  any  reduction  in  the  output   from  unavoidable  delays. 

The  schedule  will  then  he  as  follows  for  each  round  trip: 

im  number     I         ltd  car-   per  trip 32 

Maximum  ind  trip-;  per  day 20 

■nd    trip     Ocxxi   ft. 

Running  time  at  600  ft.  per  minute 10  min. 

Time  a  14  min. 

A  round  trip  can  readily  he  made  to  and  from  this  parting  in 

twenty  minutes  and,  as  in  nineteen  round  trips  1  216  tons  may  he 

ured,  a  margin  of  100  minutes  is  obtained,  if  each  trip  is  made 

on  schedule  time.     When  the  parting  has  been  located  4  21X)  feet 

from  the  tipple,  the  schedule  per  round  trip  will  he: 

ximum  number  ded  cai  'rip 32 

■:imum  nun  ind   trips   per   day 20 

und  trip     S  4<xj  ft. 

■    per  minute 14  min. 

couplinf  10  min. 

A-   1  216  ton-  can  he  hauled  in  nineteen   round  trips  of  thirty- 
h  there  will  he.  when  running  on  easj  schedule, twenty- 
four  minute-  to   -pare   for  delay-,  or  a  maximum  output   of    i  280 
in  eight  hour-. 

To  haul   thirty-two  load-  up  a  three  percent  grade    (the  re- 
friction  being  24  lbs.  per  ton)   will  require  a  run- 
ning drawhar  pull   of  8064  lbs.,   and   with   a   14  ton   locomotive  a 
tracti-.  •  of  (j  1X4  lh-..  a-  againsl  a   12  ton  locomotive  develop- 

ing a  tractive  effort  of  JJ\<>  lh-.  in   Estimate   No.    J. 

This  problem  is  given  to  -how  the  value  of  detailed  informa- 
tion on  all  ti  litions  which  influence  haulage  of  any  kind,  and 
while  the                  olution  of  a  given  proposition  may  rail  for  < 
tra  work  at  the  outset,  this  method  will  result  in  most  cases  in  a 
g     f  til       and  money  when  the  equipment  ha-  been  installed. 
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TYPES    INVOLVING    USEFUL    INTERNAL  TRANS- 

F(  >RMER  ACTK  >NS 

R.  E.  HELLMUND  anJ  E.  W.  P    SMITH 

IN  a  former  article  were  considered  the  action  of  the  main  field 
flux  of  a  single-phase  commutator  motor  on  the  coils  shorl 
circuited  by  the  brushes,  and  the  effecl  of  the  current  in  them 
due  to  the  voltage  caused  by  the  main  field.  Under  certain  condi- 
tions this  short-circuit  current  is  very  destructive  and  at  all  times 
i-  objectionable.  The  action  causing  it  may  therefore  be  classed 
as  a  detrimental  or  useless  transformer  action  a-  distinguished 
from  a  transformer  action  which  may  he  made  to  assist  in  extend- 
ing the  design'or  operating  limits.  'The  present  article  has  to  do 
chiefly  with  the  useful  transformer  actions  in  the  motor,  the  appli- 
cation of  which  ha-  resulted  in  the  development  of  various  diflcr- 
ent  schemes  of  connection  as  exemplified  by  the  following: 

I — Series  motor  with  short-circuited  compensating  winding. 

2—  Repulsi  'ii  nn  >tor. 

3 — Double-fed  series  motor. 

4     Motor  with  armature  excitation   (Winter-Eichberg  motor.) 

SERIES    Motor    WITH    SHORT-CIRCUITED   COMPENSATING    WINDING 

For  tlie  purpose  of  explaining  this  motor  type,  reference 
should  he  made  to  a  previous  part  of  this  series  in  which  the  pur- 
pose of  the  compensating  winding  was  explained.*  It  was  there 
shown  that  the  compensating  winding  serves  to  eliminate  or  com- 
pensate for  the  cross  field  set  up  by  the  armature  current.  It  was 
also  pointed  out  that  the  best  effect  i-  obtained  if  the  compensa- 
ting winding  not  only  eliminates  the  armature  held  as  a  whole. 
hut  is  arranged  in  such  a  manner  as  to  counterbalance  exactly  the 
armature  field  at  each  individual  point  of  the  armature  circumfer- 
ence. To  obtain  this  result,  it  is  necessary  to  distribute  the  com- 
pensating winding  over  the  pole  face  in  a  way  similiar  to  the  dis- 
tribution of  the  armature  winding  over  the  armature.  The  com- 
pensating winding,  therefore,  has  to  have  a  number  of  current 
conductors  per  unit  of  circumference  equal  to  the  number  per  unit 
of  armature  circumference,  and  the  current  in  the  compensating 
winding  has  to  be  the  same  as  in  the  armature.  The  latter  condi- 
tion is  fulfilled  by  connecting  the  auxiliary  winding  in  series  with 
the  armature,  as  diagramatically  indicated  in  Fig.    ia. 


♦See  the  Journal  fur  I'd).,  1912,  p.    131. 
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The  condition  of  equal  ampere-turns  for  the  compensating 
winding  and  the  armature  can  also  be  obtained  sufficiently  close 
t<>r  all  purposes  if  the  compensating  winding  is  short-circuited  on 
shown  in  Fig.  lb,  instead  of  being  connected  in  series  to 
the  armature.  It  will  be  remembered  that  it'  any  two  coils  or  wind- 
ings arc  interlinked  with  a  common  alternating  flux,  the  ampere 
turns  in  the  two  coils  are  always  equal  and  opposite  t<»  each  other. 
if  the  magnetizing  ampere-turns  setting  up  the  flux  are  neglected. 
It",  therefore,  the  condition-  of  design  are  chosen  Mich  as  to  re- 
quire only  a  -mall  magnetizing  current,  it  can  be  said  that  the 
ampere-turns  of  the  two  coils  are  practically  equal  and  opposite 
to  each  other.  The  arrows  and  other  signs  indicating  the  current 
direction  in  the  compensating  winding  of  Fig.  ib  have  been  en- 
tered under  this  assumption,  and  it  will  he  seen  that  the  current 
nditions  in  all  the  windings  of  Fig,  ib  are  exactly  the  same  un- 
der th  sumptions,  a-  in    Fig.    la.     Therefore,  the  operation   of 


Fir,,    i     (a  I.    (b)    AM'    (c) — DIFFERENT    CONNECTIONS    OF    COMPEN- 

\  I  l.\(,  WINDING 

a  motor  connected  as  per  Fig.  ib  should  he  the  s;inie  as  with  a 
motor  connected  as  per  Fig.  ia.  Instead  of  short-circuiting  the 
compensating  winding  on  itself  as  a  whole,  it  is  also  possible 
to  connect  each  turn  or  <  oil  of  the  short-circuited  winding  on  it- 
self as  indicated  in  Fig.   tc  and  obtain  similar  results. 

en  if  the  small  magnetizing  current  which  is  necessary  to 
induce  the  common  alternating  cross  flux  interlinking  with  the 
armature  and  compensating  windings  is  taken  into  account,  the 
ration  of  the  motor  with  short-circuited  compensating  winding 
-ractically  the  same  as  for  the  motor  with  series  connected  com- 
pensating winding.  The  reason  for  this  is  that  this  common  cr< 
flux  needs  to  be  only  large  enough  to  induce  a  voltage  in  the  com- 
pensating winding  which  i-  sufficient  to  drive  the  currenl  of  the 
compensating    winding    against    the    counter-electromotive     for 
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which  represent  the  ohmic  drop  ami  a  small  reactance  voltage  i 
isting  due  to  leakage  fluxes  around  the  compensating  winding. 
Since  both  <>t*  these  voltages  are  very  small,  the  voltage  to  be  in- 
duced in  the  compensating  winding  is  also  very  small.  Conse- 
quently the  cross  flux  interlinking  with  the  compensating  winding, 
ami  the  magnetizing  current  necessary  to  set  up  this  flux  are  ex- 
ceedingly small. 

These  statements  will  be  borne  out  l>y  the  diagram  of  Fig.  2 
which  shows  respectively  the  current  ami  voltage  relations  of  a 
motor  with  inductive  compensating  winding  and  one  with  conduc- 
tive compensating  winding  under  conditions  as  they  actually  occur 
in  practical  designs.  If  it  he  assumed  that  in  this  figure  Tc  repre- 
sents   the   current    flowing   in    the   auxiliary    winding,   there    will    be 

E7 


PIG.   2 — VECTOB   DIAGRAM    SHOWING   CURRENT  AND  VOLTAGE  RELATIONS  OF 
A    MOTOR   WITH    [NDUCTIVE  AND  ONE  WITH   CONDUCTIVE  COMI'ENSATI  N(i 

WINDING  ; 

an  ohmic  drop  /:,  which  is  in  phase  but  opposite  in  direction  to 
this  current.  There  will,  moreover,  be  a  reactance  voltage  E2 
caused  by  the  leakage  lines  of  the  compensating  winding  which 
lags  90  degrees  behind  the  current.  The  two  voltages  £,  and  E2, 
combine  to  give  the  voltage  Ea,  and  in  order  to  have  the  current 
/c  flowing,  the  cross  flux  will  have  to  induce  a  voltage  -  Ea  in 
the  compensating  winding.  Therefore,  this  will  require  a  cross 
flux  Fc,  whose  phase  is  90  degrees  ahead  of  the  voltage  -  Ea  or 
lagging  behind  /: ..  by  90  degrees.  In  order  to  set  up  this  flux,  it 
is  necessary  to  have  a  resultant  magnetizing  current  Im  which  is 
in  phase  with  the  flux.  This  magnetizing  current  is  the  resultant 
of  the  compensating  current  Ic  and  the  armature  current  /</,  as 
shown  in  Fig.  2.     In  this  figure,  the  magnetizing  current  hn  which 
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uired  i"  i;i\<.'  the  required  flux  Fc,  has  been  taken  from  act- 
ual and  it  will  be  seen  that  with  these  actual  conditions,  the 
current  la  is  practicall)  equal  and  opposite  to  the  current   Ic.     In 
ler  to  take  tlie  remaining  ohmic  drops  into  account   the  vector 
must  be  considered  in  the  diagram.      This  vector  /•',  represents 
all  the  ohmic  drops  caused  by  the  current   la,  and  is  therefore  in 
phase  therewith  hut  opposite  in  direction.     In  a  like  manner,  the 
tor  /■",  takes  into  account  the  reactive  voltages  caused  by  the 
leakage  fluxes  of  the  main  circuit  and  it  therefore  lags  90  degrees 
behind  the  current  la.     The  vectors  /.,  and   /:-,  may  he  combined 
to  the  vector  /.,.  as  shown.     It  must  moreover  be  considered  that 
the  cross  flux  Fc  not  only  induces  the  voltage  /. .  in  the  compen 
ting  winding,  but  that  it  induces  the  same  voltage  in  the  armature 
[ual  number  of  turn-  being  assumed   in  both  windings).      The 
volt  must    therefore    he    added    to    the    Other    voltages    in- 
duced in  the  armature:  thus,  by  adding  Ea  and  /•."..   vectorial! v, 
the  voltage  E-t  i<  obtained.     The  total  motor  voltage  1-  then  ob- 
tained by  adding  to  E-  the  voltage  induced   in  the  armature  by  the 
main  field  due  to  rotation  and  due  t<>  the  reactive  voltage  induced 
by  the  main   held   in   the   field   winding.     This  ha-   not    been   done 
in  Fig.  _'.  as  these  two  latter  voltages  are  very  large  a-  compared 
with  the  voltage  /:-  and  would  fall  outside  of  the  available  space. 
With  this  same  vector  diagram,  Fig.  2,  the  case  of  the  series 
nnected  compensating  winding  may  now-  be  considered.     In  this 
']  fit  the  ohmic  drops,  including  the  one  in  the  compensating 
winding  may  he   represented  by  a   vector   /•..,.   in   phase  with   and 
opposite  to  the  motor  current  which,  a-  before,  may  he  represented 
the  vector  la.     All  the  leak;                          voltages  including  the 
■  in  the  compensating  winding  may  he  represented  by  a  vector 
behind  the  motor  current  la.     The-  voltages  /..  and 
mbined  give  the  voltage  E10  to  which  should  again  he  added 
the   voltage   induced   by   rotation   and   the   reactive   voltage  of   the 
field  winding,  in  order  to  obtain  the  total  motor   voltage.      It    will 

.  that  the  voltage  /:,,,  is  practically  the  volt- 
..   from   which   it   follows  that  the  total   motor  voltages   will 
lly  alike,  since  the  voltage  induced  by  rotation  and 
the  voltage  induced  by  the  main   field  in  the  field   winding  will  lie 
alike  in  botl  'he  current  flow  through  the  field  and  there- 

fore the  field  strength  will  he  the  same  in  both 

•  actual  figure-  in  th<  under  consideration  showed 

that  the  voltage-  and  I':-  are  within  0.2  volt-  of  each  other  and 
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that  the  only  difference  caused  thereby  is  a  change  of  the  motoi 
power-factor  of  less  than  one-tenth  of  one  percent.  The  output 
of  the  motor  will  be  the  same  in  both  cases  since  the  armature 

current  land  therefore  the  torque)  as  well  as  the  held,  must  be 
the  same,  and  since,  moreover,  the  speed  of  the  motor  must  be  the 
-ante  because  in  each  case  the  voltage  induced  by  rotation  as  well 
as  the  dux  are  the  same. 

The  effect  of  the  small  cross  held  Fc  on  the  commutation  is 
of  no  account.  If  the  motor  has  no  commutating  poles  it  usually 
has  an  interpolar  .-pace  opposite  to  the  coils  under  commutation, 
and  therefore  the  cross  field  cannot  exist  to  any  extent  in  the  in- 
terpolar space.  If  a  motor  has  commutating  poles,  separate  cross 
fields  set  up  by  the  commutating  pole  will  properly  take  care  of 
the  commutation.  It  will,  therefore,  be  seen  from  the  present  in- 
stance, wln'eh  is  typical,  that  there  is  practically  no  difference  be- 
tween the  two  motor  types.  The  compensating  winding  is  the 
same  in  both  cases,  except  that  it  is  connected  in  series  in  one  case 
and  short-circuited  on  itself  in  the  other.  The  short-circuited  com- 
pensating winding  has,  however,  a  number  of  very  marked  advan- 
tages over  the  compensating  winding  connected  in  series.  As 
has  been  mentioned,  the  series  compensating  winding  will  only 
completely  eliminate  a  cross  field  if  it  is  in  its  arrangement  an 
exact  counterpart  of  the  armature  winding,  that  is,  if  it  has  the 
proper  number  of  turns  and  the  right  distribution.  This  condition 
cannot  always  be  easily  fulfilled  in  practice,  since  it  happens  at 
times  that  an  armature  winding  of  the  multiple  type  does  not  give 
a  full  number  of  turns  per  pole,  while  the  compensating  winding 
is  preferably  connected  all  in  series,  and  therefore,  will  have  to 
have  a  full  number  of  turns.  In  some  cases,  also,  the  distribution 
cannot  be  made  exactly  right.  Therefore  it  is  often  the  case  that 
either  the  armature  winding  or  the  compensating  winding  will  be 
the  stronger,  as  a  whole  or  at  certain  parts  of  the  circumference, 
and  will  set  up  cross  fields  in  one  direction  or  the  other.  This,  in 
turn,  will  mean  reactive  voltages  and  a  reduction  of  the  power- 
factor.  In  contradistinction  to  this,  the  ampere-turns  in  a  short- 
circuited  compensating  winding  will  always  be  right  because  tin- 
is  the  case  in  any  transformer  no  matter  what  the  ratio  of  turns 
of  the  two  windings  may  be. 

If  connections  as  in  Fig.  ic  are  being  used,  not  only  will  the 
right  total  ampere-turns  be  obtained,  but  the  correct  distribution 
will  also  result,  no  matter  how  the  auxiliary  ampere-turns  are  ar- 
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ranged,  because  in  this  case  the  currenl  in  each  individual  coil  or 
turn  can  adjust  itself  to  the  exact  value  required.  The  arrange- 
ment of  Fig.  ic  is,  therefore,  preferable  to  any  other.  While, 
therefore,  with  a  theoretically  correcl  series  compensating  wind- 
ing, the  connections  of  Figs,  i  a.  b,  and  c  are  alike  in  operation, 
better  results  are  often  effected,  in  actual  practice,  with  the  short- 
circuited  types  of  compensating  windings.  Moreover,  it  is  a 
marked  advantage  to  be  at  liberty  to  arrange  the  compensating 
winding  with  a  different  number  of  turns  than  in  the  armature, 
ssible  with  an  individually  short-circuited  arrangement  of 
mpensating  winding.  This  enables  the  designer  to  get  the  best 
mechanical  arrangement  for  the  compensating  winding.  Another, 
and  even  more  important  advantage  of  the  short-circuited  com- 
pensating winding,  is  the  fact  that  it  has  practically  zero  voltage 
to  ground  and  can.  therefore,  be  constructed  with  less  insulation, 
and  that  it  will  give  practically  no  insulation  troubles,  or  burn-outs 
consequent  thereto. 

It  will,  therefore,  be  seen  that  the  short-circuited  compensa- 
ting winding,  especially  the  arrangement  of  Fig.  ic  is  always  to  be 
preferred  to  the  series  connected  winding,  except  for  cases  where 
the  motor  i-  to  be  used  <>n  both  direct  and  alternating  current  cir- 
cuit-. Whenever  the  motor  i-  operated  with  direct  current  it  will 
of  course  be  impossible  to  make  use  of  the  transformer  effect  be- 
tween armature  and  compensating  winding,  and,  therefore,  the  lat- 
ter has  to  be  connected  in  series  in  order  to  be  effective. 

(  To  /»(•  continued  I 


THE  SELECTION  OF  AN  ELECTRIC  FAN 

H.  M.  SCHEIBE 

FAN  motors  arc  so  generally  used  and  operate  with  so  little 
attention  that   it   is  commonly   thought  that  all    fan  motors 
are    mure    or    less    alike    and    that     little    care     is     needed 
in    their    selection.     Examination,    however,    of    the    various    fan 

motors  cm  the  market  indicates  that  there  exists  a  wide  difference. 
not  only  in  fans  of  different  manufacture  but  at  times  between 
different  sizes  and  models  from  the  same  factory.  The  selection 
of  a  fan  is  made  by  two  classes  of  purchasers,  namely,  the  dealer 
who  purchases  in  quantity  from  the  factory  and  the  user  of  the 
fan.  As  it  is  usually  to  a  dealer's  advantage  to  handle  one  line 
of  fans  exclusively,  it  follows  that  he  should  make  his  selection  of 
that  line  with  due  regard  to  the  customers'  requirements.  The 
following  description  will  therefore  treat  the  subject  only  from  the 
standpoint  of  the  user. 

As  in  the  case  of  larger  apparatus,  a  fan  motor  should  he 
selected  with  a  view  to  the  service  which  it  is  to  perform  as  well 
as  its  initial  and  ultimate  cost,  and  the  service  requirements  should 
govern  as  to  the  size  and  type  which  is  chosen.  Portability,  dura- 
bility, cool  running  and  adjustability  should  he  insisted  on.  Neat- 
ness of  appearance,  and  variety  of  finish  will  also  appeal  to  the 
purchaser,  especially  when  the  fan  is   for  use  in  the  home. 

The  item  of  first  cost  ordinarily  enters  hut  slightly  into  the 
-election  of  an  electric  fan.  as  the  prices  of  small  fans  of  different 
manufacture  are  approximately  the  same.  A  slight  difference  in 
price  should  not,  moreover,  he  given  too  great  consideration  as  it 
may  he  that  the  more  efficient  fan  will  easily  save  the  difference 
in  price  during  a  single  season.  Usually  the  one  question  which 
arises  at  this  point  is  whether  the  fan  should  he  purchased.  For 
residence  purposes  this  is  simply  a  question  of  whether  the  conveni- 
ence is  worth  the  price.  For  office  or  factory  use  the  question  of 
greater  efficiency  of  the  workers  on  account  of  more  comfortable 
surroundings  is  the  determining  factor. 

Operating  Costs — A  few  years  ago  fan  motors  were  crude, 
clumsy  and  inefficient  affairs,  hut  active  development  by  the  vari- 
ous makers  has  resulted  in  great  improvement.  There  still  exists, 
however,  sufficient  variation  to  make  a  difference  in  operating 
costs  in  some  cases  of  as  much  as  ten  percent  of  the  fir>t  cost  of 
the  fan  during  each  season.     This  saving  represents  a  good  invest- 
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ment  of  the  time  required  to  make  a  careful  selection.    It  is  worth 

while  for  dealers  to  check  up  the  power  consumed  both  by  the 
fans  they  handle  and  also  by  fans  of  other  types.  No  special  ap- 
paratus is  necessary  to  make  input  tests  other  than  a  low  reading 
wattmeter  and  a  voltmeter.  It  is  of  course,  evident  that  all  fans 
which  are  tested  on  the  same  circuit  should  be  of  the  same  rated 
voltage,  as  a  fan  which  is  designed  for  a  lower  voltage  will  take 
a  larger  current  and  deliver  a  greater  volume  of  air  than  a  fan 
built   for  a  higher  \  oltage. 

Air  Delivery — It  must  not  be  assumed  that  a  fan  with  low- 
current  consumption  necessarily  delivers  less  air  than  one  with  a 
larger  input,  as  a  wide  difference  will  be  found,  both  in  the  effi- 
ciency of  fan  motors  and  in  the  efficiency  of  blades  of  different 
design-.  \  final  judgment  of  a  fan  performance  involves,  of 
course,  checking  it-  air  delivery  against  the  power  it  consumes. 
Absolute  air  measurements  can  not  be  made  without  special  equip- 
ment and  elaborate  tests  and  are  at  best  of  little  interest  to  the 
fan  user  who  is  concerned  only  with  comparative  result^.  It  is 
easy,  however,  to  select  the  better  of  two  fans  in  point  of  air  de- 
livery by  either  of  two  simple  methods  that  can  be  used  almost 
anywhere.  It  is  suggested  that  dealers  in  fans  will  fmd  it  to  their 
advantage  to  be  in  a  position  to  make  these  simple  tests  at  any 
time,  not  only  in  order  to  select  the  best  fan  to  handle,  but  also  to 
be  fortified  with  first  hand  information  on  the  apparatus  that  they 
sell. 

The  first  test  consists  in  placing  the  fan  so  that  it  will  deliver 
a  current  of  air  exactly  in  a  vertical  direction.  It  should  then  be. 
weighed  on  any  ordinary  scales  graduated  to  ounces,  first  with 
the  fan  running  at  full  speed  and  again  at  a  standstill.  The  dif- 
ference in  ounces  represents  the  thrust*  with  which  the  fan  propels 
the  air.  Obviously  only  fans  of  the  same  blade  diameter  and  same 
rated  voltage  should  be  used. 

Another  method,  which  i-  somewhat  more  direct,  consists  in 
placing  the  two  competing  fan-  face  to  face,  about  six  inches  apart, 
with  the  shaft-  in  line  with  each  other  both  vertically  and  horizon- 
tally. A  piece  of  cardboard  large  enough  to  more  than  cover  the 
whole  of  the  fan  blade-  i-  held  loosely  by  the  top  cd^c  mid- 

i  th<-  blades.      With  both   motor     running  at    full   speed 


*The  thrust  lately  represent    cither    the    energy   deliv- 

ered by  the  fan  or  the  air  displacement,  hut  is  an  approximate  mean  hr 
en  the  two  an-'  quently  affords  a  good  basis  for  comparison. 
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the  card  will  swing  toward  the  fan  with  the  smaller  air  delivery. 
Care  should  be  taken  that  the  card  is  held  midway  between  the 
blades  and  not  necessarily  midway  bet  ween  guards. 

It  is  evident  that  an  electric  fan  which  is  used  for  cooling 
purposes  should  not  become  excessively  warm  itself.  Practically 
all  fans  on  the  market  will  operate  continuously  at  a  temperature 
very  much  below  that  required  to  injure  the  insulation.  Other 
things  being  equal,  a  fan  of  lower  operating  temperature  should  be 
selected,  as  low  temperature  means  low  losses  in  the  motor  or  a 
large  current  of  air  passing  the  motor,  both  of  which  features  are 
desirable. 

Noise — A  certain  amount  of  humming  is  involved  in  the 
operation  of  any  electric  fan.  Where  slight  noise  is  not  objection- 
able and  maximum  movement  of  air  is  desired  the  ordinary  four- 
bladed  fan  is  to  be  recommended.  If  quietness  is  the  prime  con- 
sideration a  six-bladed  fan  running  about  two-thirds  as  fast  should 
be  selected.  All  of  the  leading  fan  makers  now  offer  such  a  fan 
for  residence  use.  A  great  deal  of  difference  exists  in  this  re- 
spect, however,  between  different  makes  of  fans,  as  by  properly 
shaping  the  blades  some  manufacturers  have  been  able  to  secure 
much  more  quiet  operation  than  others  without  sacrificing  air  de- 
livery. 

Ready  portability  of  a  fan  is  obviously  desirable.  This  means 
that  it  must  be  light  of  weight  without  sacrificing  stability,  and 
sufficiently  rugged  to  withstand  careless  handling  and  carrying  by 
the  guards.  A  marked  advance  in  portability  has  recently  been 
made  by  the  introduction  of  pressed  steel  motors.  This  con- 
struction has  obvious  advantages  in  point  of  light  weight,  neat- 
ness and  ruggedness.  At  the  same  time,  the  smooth,  close-grained 
metal  surface  lends  itself  to  a  variety  of  ornamental  plated  fin- 
ishes not  readily  applied  to  cast  iron. 

Durability — Practically  all  of  the  large  manufacturers  of  fan 
motors  are  now  marketing  apparatus  that  will  operate  satisfac- 
torily under  long  continued  periods  of  service.  Probably  no  other 
class  of  rotating  machinery  receives  less  care  and  gives  more  uni- 
formly satisfactory  service  than  does  the  average  fan  motor.  This 
>tatement  is  not  necessarily  true,  however,  of  mechanically  oscil- 
lated fans,  as  the  oscillating  mechanism  necessarily  involves  a  gear 
and  link  system,  and  the  various  types  on  the  market  differ  widely 
in  durability  and  in  the  facility  with  which  wearing  parts  may  be 
replaced.     A  link  system  that  involves  a  long  series  of  pin  joints 
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cry  liabk-  to  develop  lost  motion  rapidly  and  this  makes  the  os 
dilation  short  and  unsteady,  when  the  mechanism  begins  to  wear. 
Gears  should  be  few  in  number  and  readil)  replaced  withoul  1 1 > i  1 1 ^ 
ither  than  the  ever  present  screw  driver. 
Ml  fan  motors  should  be  given  periodic  cleaning  and  lubrica- 
tion, although  many  of  them  seldom  get  it.  This  is  very  important 
if  long  and  satisfactory   service  is  expected. 

Adjustability-  Convenience  demands  that  a  desk  fan  be  read- 
ily adjustable  as  to  direction  of  air  delivery  and  speed  control. 
The  fan  should  be  stable  on  the  desk  when  pointing  in  any  ordin- 
ary direction,  and  it  should  be  capable  of  being  mounted  on  the 
wall  if  desired  withoul  using  extra  parts  <>r  tools.     In  the  ease  of 

illating  fans  it  j^  convenient  to  he  able  to  starl  or  stop  the  os- 
cillation without   stopping  the  motor. 

Inasmuch  as  some  of  the  foregoing  considerations  are  to  a 
certain  extent  conflicting,  it  is  necessary  to  decide  which  features 
are  of  paramount  importance.  Thus  too  low  first  cosl  is  not  com- 
patible with  highest  quality.     Effective  air  delivery   is  difficult   to 

are  without  a  certain  amount  of  noise.  There  i>  no  reason, 
however,  why  neatness  of  appearance,  light  weight,  etc.,  should  not 
be  combined  with  low  power  consumption  ami  adequate  air  de- 
livery. 

A  fan  motor  should  be  selected  to  suit  the  service  conditions 
jtist  as  much  as  a  large  piece  of  apparatus.  For  instance,  a  six- 
teen inch  fan  delivers  a  big  breeze  sufficient  to  circulate  the  air  in 
a  large  office,  but  most    fans  of  this  size,   when  running  at  high 

ed,  are  entirely  too  noisy  for  use  in  a  house  or  quiet  private 
office.  A  twelve  inch  fan  is  usually  adequate  to  any  demand  of 
house  service,  and  several  makers  are  marketing  a  special  six- 
bladed  slow-speed  fan  of  this  size  especially  for  residence  use 
where  noise  is  very  objectionable.  The  eight  inch  fan  is  also 
largely  Used  as  a  residence  fan.  a-  it  is  very  easily  carried  about 
and  entirely  adequate  where  large  volumes  of  air  are  not  needed. 


AUTOMATIC  MOTOR  STARTERS  AND 

CONTROLLERS 
F(  >R   DIRECTrCURRENT  M<  >T(  >RS 

H    L.  BLACH 

All1  >MATIC  control  devices  have  a  decided  bearing  <>n  the 
selection  of  a  motor  fur  industrial  applications.  aside 
from  and  in  addition  to  the  actual  service  the  motor  has 
to  perform.  The  operation  of  the  automatic  starter  is  very  dif- 
ferent from  the  usual  operation  of  the  hand  starter,  and  a  motor 
application  which  may  he  proper  from  the  standpoint  of  the  load 
and  the  hand  starter  may  he  entirely  wrong  when  an  automatic 
starter  is  used.  As  the  construction  and  operation  of  hand  start- 
er^ and  controllers  are  SO  well  known  that  they  need  no  descrip- 
tion, they  will  he  used  to  illustrate  the  operation  of  some  of  the 
more  recently  perfected  automatic  starters. 

There  are  three  different  schemes  vised  in  controlling  the  op- 
eration df  automatic  motor  starters: — first,  by  a  dashpot;  second, 
by  the  counter  e.m.f.  of  the  motor,  and  third  by  series  or  current 
relays.  Dashpot  controllers  are  generally  troublesome  to  maintain 
and  are  more  or  less  affected  by  the  weather.  Counter  e.m.f.  ac- 
celeration is  n<  t  always  uniform  as  the  switches  are  worked  at 
their  minimum  operating  "pull-in"  point  which  will  vary  with  the 
temperature  of  the  magnet  coils  and  with  the  general  conditions 
of  the  switch  bearings,  etc.  Current  control  in  its  various  forms 
i>  the  scheme  that  is  most  generally  used  and  the  one  which  will 
he  considered  in  this  article.  In  this  scheme  the  operation  of  the 
switches  is  controlled  by  the  current  in  the  armature  circuit  of  the 
motor.  As  the  motor  cm-rent  decreases  with  the  acceleration  ol 
the  armature,  a  relax,  whose  magnel  coil  is  in  the  same  circuit. 
drops  and  closes  an  auxiliary  circuit  which  includes  the  switch 
magnet  coils  and  which  i>  so  arranged  that  it  causes  the  switches 
to  close  consecutively.  The  relay  is  \  er\  sensitive  and  responds 
quickly  to  changes  in  current  so  that  it  interrupts  the  rapid  pro- 
gression of  the  switches  as  each  step  of  resistance  is  cut  out.  A 
modification  of  this  is  found  in  the  recently  developed  "self-clos- 
ing"  or  "magnetic  lock-out"  switch  in  which  current  above  a  cer- 
tain value  saturates  the  main  core  of  the  switch  and  the  extra 
lino  of  force  pass  through  a  parallel  iron  circuit  and  air-gap  and 
held   the    switch    open    until    the   motor   current   has    fallen    to    the 
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value  at  which  it   is  desired  the  switch  shall  close.     The  results 
the  two  schemes  of  operation  are  identical  and  they  do  not  enter 
into  the  discussion  at  hand. 

The  curves  in  Fig  i  show  the  differenl  speed  characteristics 
of  shunt,  compound  and  series  motors.  These  arc  theoretical 
curves  based  on  an  actual  set  of  curves  from  a  shunt  motor  and 

calculated  SO  that  at  a  full  load  of  ioo  amperes  the  field  saturation, 
the  speed  and  the  torque  of  the  three  motors  correspond.     It  will 
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]>IKk<  T-C.1KKI.NT     MOTORS 

Shunt    motor. 
li — Compound  motor. 
C — Series  motor. 

be  ed  that  the  shunt  motor  speed  varies  hut  little  from  no- 

load  to  full  load  and  such  speed  variations  as  are  shown  may  be 
considered  as  caused  by  the  resistance  drop  in  the  motor  armature 
which  increases  with  the  load.  The  compound-wound  motor,  how- 
ever, has  a  considerable  drop  in  speed  with  increase  of  load.  This 
by  the  resistance  drop  of  the  circuit  carrying  the 
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armature  current,  (which  is  greater  than  that  <»f  the  shunt  motor 
due  to  the  addition  of  the  series  field),  and  second,  by  the  change 
in  field  strength  due  to  the  effect  of  the  armature  current  in  the 
series  field  winding.  In  a  standard  compound  motor  the  series 
field  ampere-turns  at  full  load  arc  about  20  percent  of  the  total 
field  ampere  turns  of  the  motor.  In  the  series  motor  there  is  no 
constant  field  excitation  to  assisl  in  steadying  the  --peed  and  it 
therefore  varies  with  the  load,  the  speed  characteristic  curve  being 
determined  largely  by  the  saturation  curve  of  the  motor  held;  in 
fact,  the  speed  curve  of  the  series  motor  is  practicall)  an  inverted 
saturation  curve  corrected  for  resistance  drop  in  the  motor  wind- 
ings. 

In  starting  a  motor  by  means  of  a  hand  starter  the  operator 
simply  moves  a  contact  arm  across  a  row  of  buttons.  (  mc  man 
will  do  this  in  5  seconds,  another  in  2<>.  No  knowledge  is  had  of 
what  is  occurring  in  the  motor  or  in  the  line  during  this  operation, 
and  the  motor  may  be  badly  overloaded  or  may  come  up  to  speed  on 
the  first  button  and  run  on  resistance  during  the  rest  of  the  accel- 
eration period.  If  an  ammeter  be  connected  in  the  circuit  the 
operator  can  see  what  happens  and  will  usually  find  that  he  oper- 
ates the  starter  quite  differently  than  he  did  before  he  had  the 
meter. 

Starting  Shunt  Motors — When  starting  a  25  horse-power, 
220  volt  shunt  motor  as  in  Fig.  1,  suppose  that  with  the  ammeter 
in  view  the  operator  moves  the  starting  handle  quickly  to  such  a 
point  on  the  starter  that  the  current  rises  to  165  amperes.  Since 
the  motor  is  standing  still  there  are  no  armature  volts  and  there- 
fore the  current  is  controlled  entirely  by  the  resistance  in  the 
circuit.  This  is  composed  of  three  elements,  viz.,  the  armature 
resistance,  the  resistance  of  the  motor  leads  and  the  starting  re- 
sistance. For  165  amperes  at  220  volts  this  would  be  1.33 
ohms.  The  operator  now  holds  the  handle  on  this  button  until 
the  current  falls  to  100  amperes,  i.e.,  full  load.  The  resistance 
has  not  changed  so  that  the  resistance  volts  must  be  only 
I  X  R=  100  X  1-33  =  133,  and  the  only  thing  that  can  have 
changed  is  the  armature  voltage.  The  motor  must,  then,  have 
come  up  to  a  speed  corresponding  to  an  armature  voltage  of 
220 — 133  =  87  volts  (with  a  shunt  motor  the  field  strength  may 
be  considered  of  constant  value  so  that  the  speed  is  directly  pro- 
portional to  the  armature  volts).  The  operator  now  moves  the 
handle  until  the  ammeter  again  reaches  165  amperes.     This  means 
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that  he  has  cut  out  some  of  the  starting  resistance.  Assuming 
that  this  i>  done  on  one  quick  step,  so  thai  the  motor  speed  does 
not  change  while  it  i-  being  done,  the  total  resistance  volts,  viz., 
133  volts,  remain  momentaril)   unchanged,  and  therefore  the  total 

distance  left  in  the  circuit  is  [33  :  [65  0.8]  ohm-;  thai  is, 
the  operator  has  cul  out  n.^j  ohms.  If  now  the  operation  con- 
tinues Fore,  the  current  will  fall  to  [oo  amperes  with  only  8i 

distance  volts  and  [39  armature  volts.  Another  step  should  cut 
c>ni  1  32  ohm.  leaving  0.49  ohm.  and  the  currenl  again  rises  to 
[65  amperes.  Another  sic])  cuts  out  0.193  ohm,  leaving  0.297 
ohm.  while  another  step  will  cut  out  0.117  ohm  and  leave  0.l8 
ohm.  which  will  closely  approximate  the  resistance  of  motor  arm- 
ature and  leads.  In  no  ease  has  the  current  exceeded  [65  am- 
peres nor  been  less  than  100  amperes,  which  in  this  case  is  full 
load  on  the  motor.  Since  the  field  has  not  varied,  the  actual  torque 
of  the  armature  is  directly  proportional  to  the  armature  current 
and  has,  therefore,  fluctuated  directly  with  the  currenl  changes. 
If  the  load  has  been  light,  the  motor  has  come  up  t<>  speed  very 
quickly  and  the  operator  has  moved  the  starter  handle  very  fast. 
If  a  heavy  load,  it  has  come  tip  to  speed  slowly  and  the  operator 
ha>  moved  the  starter  handle  slowly.  The  currenl  changes  are 
exactly  the  same  in  the  two  cases,  and  the  strains  on  the  shafting 
are  identical. 

A  simple  set  of  calculations   will   show  that,  if    105  amperes 

-ting  current  is  considered  too  high  for  a  mo  ampere  load,  the 
only  way  to  reduce  it  is  to  have  more  points  on  the  controller. 
If  resistance  is  added  to  the  first  step  to  gel  say  only  140  amperes 
instead  of  105  (220  :  140  -  1.57  ohms),  and  the  resistance  on  the 
ind  Step  left  unchanged,  then  when  the  current  falls  \<,  mo  am- 
pere-, and  the  -tarter  handle  is  moved  to  the  second  step,  a  resisl 
ance  of  0.76  ohm  will  he  cut  out  instead  of  0.52  ohm.  There  were 
[.57  ohms,  however,  before  this  step  was  cut  out,  so  thai  die  resist- 
ance volts  were  [57  instead  1  f  [33,  and  the  current  with  0.8]  ohm 
on  th<  d  step  would  at  once  rise  to   [94  amperes  instead  of 

14'  en    [65.     Therefore,  it   i-   seen  that   any  change  on  any 

one  step  to  reduce  the  current  on  that  step,  will  raise  it  correspond- 
ingly above  normal  on  the  next   unless  changes  are  made  in  all   the 

■ 
Starting    Compound    Motors     In    considering    the    foregoing 
an  armature  resistance  of  0.1   ohm  was  involved.     It  is  very  con- 

rvative  to  allow  0.08  ohm   additional   resistance   in   conductors, 
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switch  connects  ns,  etc..  bringing  the  total  up  to  0.18  ohm.  With 
;i  compound-wound  motor  there  is  an  additional  motor  series  field 
resistance  of  about  0.025  ohm,  or  0.205  ohm  total  motor  resistance. 
From  the  saturation  curve  B  of  Fig.  1  for  a  compound  motor  it 
will  be  noted  that  the  change  in  flux  from  full  load  to  [.65  load  is 
6.4  percent.  Then  for  a  change  in  series  field  strength  of  65  am- 
peres load,  the  counter  volts  would  change  0.4  percent  if  the  speed 
did  not  change. 

Considering  the  same  set  of  conditions  as  with  the  shunt 
motor,  where  there  was  a  65  ampere  change  at  each  step,  the 
total  resistance  at  first  will  be  as  before,  i.e..  220  —  1 65  = 
[.33  ohms  and  when  the  current  falls  to  100  amperes,  there  will 
be  133  resistance  volts  ami  Xj  armature  volts.  When  the  first 
Step  of  resistance  is  cut  out  to  allow  the  current  to  rise  to  [65  am- 
peres the  armature  volts  will  change  and  rise  to  [06.4  percent  of 
87  volts  <>r  approximately  92.5  volts,  so  that  the  resistance  volts 
will  he  only  _'_»>—  92.5  1-7-5  volts,  instead  >^i  133.  as  with  the 
shunt  motor.  The  resistance  left  in  the  circuit  will  equal  127.5-^ 
[65  amperes  ".77  ohm:  i.e..  0.56  ohm  has  been  cut  out  in 
this  step.  Continuing  the  calculation  ami  remembering  that  the 
armature  volts  increase  '>.;  percent  each  time  a  step  of  resistance 
is  cut  out.  the  second  resistance  step  is  found  to  he-  0.36  ohm. 
which  leaves  0.4]  ohm  in  the  circuit,  O.205  ohm  of  which  is  motor 
resistance,  which  means  that  0.205  ohm  is  left  in  the  starting  re- 
sistance. Cutting  this  out  will  raise  the  current  to  ahout  150 
amperes  instead  of  105.  >,  >  that  it  will  he  seen  that  three  steps  of 
resistance  with  a  compound-wound  motor  can  he  arranged  to  give 
a  slightly  smaller  peak  than    four  steps  with   a  shunt  motor. 

Starting  Scries  Motors— In  considering  the  starting  charac- 
teristics of  a  series  motor,  it  is  necessary  to  refer  to  the  satura- 
tion curve  for  the  counter  e.m.f.  change,  as  this  curve  is  not  a 
straight  line.  At  100  amperes  the  density  in  the  motor  considered 
is  [8.9  kilo-lines  per  sq.  in.,  while  at  [65  amperes  it  is  23.4  kilo- 
lines  per  sq.  in.  As  23.4-  [8.9  =  4.5  or  -\vs  percent  of  full  load 
saturatii  n,  the  armature  volts  will  therefore  increase  23.8  percent 
every  time  the  current  rises  suddenly  from  100  to  1O5  amperes. 
As  before,  220  =-165  =  1.33  ohms  and  1.33  100=133  resist- 
ance volts  or  Xj  counter  volts,  while  I.238  <  87  107  ~  counter 
volts  at  165  amperes,  which  leaves  only  1  12.3  resistance  volts. 
Hence,  there  are  0.682  ohms  left,  0.648  ohms  having  been  cut  out. 
When  the  current  again  falls  to  100  amperes  there  will  he  0.648  X 
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64.8  resistance  volts  and  157.2  armature  volts,     tf  sufficient 

rice  is  now  cut  out  of  circuit  to  allow  the  current  t<>  rise  to 

[65  amperes  the  157.2  armature  volts  will  rise  to  1.238       157.2  = 

194  leaving   25.5   resistance   volts  which   is  sufficient  onlj 

0  [55  ohm.     Referring  to  the  paragraph  Starting  Shunt  Motors 

it  will  now  be  found  that  the  armature  resistance  equals  o.i,  and 

that  .08  ohm  was  allowed  for  leads,  etc.     There  will  now  be  0.1 

ohm  additional   series   field   resistance,  which  brings  the  total   re- 

tance  up  to  0.28  ohm.  Le.,  more  than  the  value  of  0155  above 

calculated.     On  the  third  and  last  step  the  current,  will,  therefore. 

not  rise  to  [65  ampere-  but  to  only  about  130  amperes. 


FIG.    2  BE- 
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B      -COMPOUND      MOTOR, 
C- 


11'..  3  — CURRENT  INCREM1 
PRODUCED  BY  A  GIVEN  NUM- 
BEB  OF  CONTROLLER  STEPS 
WITH;  A  —  SHUNT  MOTOR,  B 
— COMPOUND  MOTOR,  C  — 
"  .roK 


Bj    plotting   curves    of   the    foregoing,   the   results   shown    in 
j.   2  a;  ined.     If   new   calculations   he   made   to   determine 

what   peal  obtained  on   the  different  motors   with   the  same 

number  of  steps,  the  results  shown  in  Fig.  3  are  obtained.  The 
actual  grading  of  the  resistance  i-  quite  different  for  the  three 
motor  en   when  the  calculated    1  of   the   determina- 

tion- for  Fig.  3  are  plotted  to  give  the  curves  of  Fig.  4.  Sub- 
tracting the  value-  of  line  and  armature  resistance  from  the  total 
value-  of  ance  at  each  step,  Fig.  5  is  obtained  which  sho 
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that  the  resistance  for  a  shunt  motor  will  not  give  equall)  good 
results  with  a  compound  motor  or  with  a  series  motor  and  thai 
a  series  motor  resistance  used  with  a  shunt  motor  will  not  give 
current  enough  on  the  first  notch  and  will  give  a  very  high  peak 
mi  the  last  notch. 

Ain  IM  VI  [C   OPEK  \TI0N 

If  the  operation  of  an  automatic  starter  be  examined  it  will 
be  found  that  it  simply  serves  to  do  mechanically  what  the  opera- 
tor does  by  hand  with  the  hand  starter  and  ammeter.     The  relay 

operates   the    starter    when    the   current    reaches    ioo   amperes   and 


PIG.  4 — TOTAL  RESISTANCE 
IN'  CIRCUIT  ON  EACH 
(iiNTROLLER    NOTCH 


FIG.  5 — CONTROLLER  RESIST- 
ANCE IN  CIRCUIT  ON 
EACH    CONTROLLER    NOTCH 


the  value  to  which  the  current  rises  is  controlled  entirely  by  the 
resistance  left  in  the  circuit.  A  properly  graded  resistance  should 
give  entirely  satisfactory  and  invariably  the  same  results.  Prac- 
tical tests  show  that  the  current  as  read  by  an  ammeter  will  not 
rise  to  as  high  a  value  as  calculated.  This  is  due  largely  to  the 
lag  of  the  ammeter  needle  and  also  to  the  inductive  and  armature 
reaction  effects  in  the  motor,  which  tend  to  smooth  out  the  peaks. 
With  a  sensitive  ammeter,  however,  the  peaks  will  he  seen  to  be 
the  same  at  each  step,  which  shows  that  the  calculations  are  reli- 
able and  give  a  fairly  clear  indication  of  what  happens  each  time 
the  starter  is  operated. 
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.Iddress  all  questions  to  The  Journal  Question  Box,  care  of  The  Electric 
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-62 — Testing  of  Lightning  Arrest- 
er -What  is  a  suitable  test  for 
lightning  ar-  such,  for  1 

ample,  as  the   L«>rtl  lightning  ar- 

1  .P.M. 

We    consider   a    suitable    test    to 
the    duplication     of    lightning 
conditions,   as    marly    as    possible. 
This  can  be  obtained  by  discharg- 
ing   through    the   arrester   a    static 
from    a    condenser    ol    ca- 
lal  t<>  thi  ty  10  miles 

line,   or    1.0   micro-farad.      The 
equivalent  an  then  be  m< 

ured,  a  ribed  in   the  Jouh 

\|>r..  1905,  p.224.     Under  some 
conditions,    a    hold-over     test     by 
can  be  made,  to  de- 
termine    how     well     the     arrester 

up    under    static     dischai 
while  power  is  on  the  am  - 

ribed  in  the  above  refer- 
.  article  on  "Pro- 

1 5"  in  the 

Mar.,    and    Apr.. 

and    jj.i,.  K.1-..I. 

763 — Refusal     of    Motor    to     Start 

Under   Load — Power   is   received 

•ion    at    13  200   volts, 

transmit!  2  at     _■ -'OO 

tation,  and 

100  hp,  220  volt 

in'  r,  at  a  distance  of 

will  carrj 
.  with   a  voltage   of  210 

the  load  is  in  I,  how- 

the  m<  -rent  goes  to 

t    above    normal 

and  the  voltage  drop-  to  I7< 

at  the  ime 

tli  •  olt 

transformers  drop-  to   rcjo  volts. 

These  transformer-  ar'-  con 

■ 
transformation.      Is     the     trouble 

Illation 

from    this   connection? 
• 
and  rem'  the  trout 

G.  1 1 


The  low  voltage  may  l>c  due  to 
1  ssh  e  total  line  drop,  or  to 
p<  ior  regulat  i<  »n  at  the  three  phase 
— two-phase  transformers.  It  the 
transformer  units  employed  for 
such  transformation  arc  not  prop- 
erly connected  internally  to  give 
balanced  conditions  on  the  re- 
spective  magnetic   circuits    of    the 

units,  1 r  voltage  regulation  may 

result,  as  pointed  out  in  an  article 
on    "Magnetic    Leakage    in    Trans- 
formers,"  by    Mr.    E.    <  >.    Reed,   in 
the  Journal  for  May.  oho.  1111.407, 
}oN  and  400.      However,   it    the  load 
conditions  arc   such  as  to  cause  tin- 
motor    to    draw    ioo   percent    in    ex- 
-    of    normal    current,     it     would 
-1  em   thai    the   motor   may   n< >t    be 
of  sufficient   capacity   for  the  work. 
A  motor  of  about  twice  the  rating 
of  the  present  one  would  probably 
remedy  the  trouble  even   consider- 
ing the  poor  voltage  regulation. 
764 — Car  Braking  by  Bucking  Mo- 
tors    1-  it  possible  to  stop  a  car 
having  an  equipment   of  two  di- 
rect current  motors,  a  series-par- 
allel   controller,    circuit     break 
etc.,  by  bucking  the  motors,  i.e. 
by  shutting  off  power,  opening  the 
circuit   breaker,   throwing   the   re- 
verse    handle     around     and     then 
bringing  the  controller  handle  to 
full-on  position?   "A"  claimsthat 
it  <an  be  don<  .  "B"  claims  that  it 
■nnot    be    done    with    direct    cur- 
rent   motor-,    but    neither    one    is 

in  a  position  to  prove  his  point, 
and  we  would  therefore  appreci- 
ate a  full  explanation  as  to  just 

what    floes   take   pi  L.W.M. 

It  is  entirely  possible  to  stop  a 
equipped  as  described,  by  open- 
ing the  circuit  breaker,  throwing 
the  handle,  and  moving  the 

controller  up  to  the  "full  parallel" 
position.  The  braking  action  is 
due  to  the  fact  that  under  the  con- 
ditions   described,    the    two    motor- 
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become  series  generators,  driven 
l>v  the  momentum  of  the  car.  If  any 
external  circuit  were  provided, 
such  for  example  as  in  the  case 
where  rheostatic  braking  <>r  elec- 
tric track  brakes  are  employed,  the 
two  machines  would  tend  to  feed 
current  in  parallel  into  this  exter- 
na! circuit.  Under  the  circumstan- 
ces described,  however,  there  is  no 

external    circuit    and    the    machine-. 

therefore,  tend  to  feed  each  through 

the   other,   and   as   there   are   always 

sufficient  inequalities  in  material  or 
variations    in     other    conditions    in 
two    such    motor-   to  cause   a   differ- 
ence  in    the    voltage   generated    by 
them    when    operating    a-    genera- 
tors, the  machine  having  the  slight- 
ly   higher    voltage    will    probably 
overcome   tin-   other,   and    feed   cur- 
rent hack  through  it  in  the  reverse 
direction.       Tin-     will     reverse     the 
polarity     of     the     second     machine, 
which     then     causes     the     two     ma- 
chine- to  become  generators  in  se- 
•  instead  of  in  parallel,  deliver- 
ing   power    into    a    dead    -hoi  t  cir- 
cuit.      'The     mechanical     power    re- 
quired  to  drive  the  two  machines  as 
generators  act-   a-  a   drag   on   the 
car.    and    tends    i"    Stop    it.    and    if 
these      connection-      are      produced 
with  the  car  running  at  any  consid- 
erable   speed    the    stop    will    he    a 
very  violent  one.    This  action  is  in- 
dependent of  the  direction  in  which 
the  car  is  running,  as  long  as  the 
reverse  -witch  is  thrown;  that  is,  if 
the  car  is  operating  in  the  forward 
direction,    driven    by    the    motors, 
the  reverse  switch  must  he  put  into 
the   backward   position   in   order  to 
secure   the   braking   effect.      If   the 
car    i-    operating    in    the    backward 
direction,    driven    by    the    motors, 
the    reverse    .switch    must    then    be 
put   in    the    forward   position    in    or- 
der   to    secure    the    braking    action. 
In  the  case  of  a  four-motor  equip- 
ment, since  the  two  motors  of  each 
pair  are  permanently  connected  to- 
gether in  parallel,  without  passing 
through    the    controller    drum,    it    is 
only    necessary    to    throw    the    re- 
verse  switch  after  opening  the  cir- 
cuit breaker  without   the   necessity 
of    moving    the    controller    handle 
into    the    parallel   position    in   order 
to  obtain  the  braking  action,  as  is 
necessary    on    a    two-motor    equip- 


ment. It  the  car  i-  moving  at  any 
considerable  speed  when  the  mo 
tor-  are  reversed,  a-  described 
above,  some  peculiar  phenomena 
are  likely  to  occur.  For  insta 
the  current  will  probably  be  -•• 
it  that  the  wheels  ol  the  car 
will  -lip.  and  they  will  then  revolve 
more  slowly  than  the  -peed  of  the 
car  would  normally  require.  Prob- 
ably also,  either  one  pair  of  wheel- 
will  -lip  and  the  other  not.  or  one 
pair  will  slip  more  than  the  other, 
in  which  case  the  pair  which  slips 
the    most    will    tend    to    -low    down. 

-top  and  reverse.  Under  these 
conditions,  the  machine  connected 
to  thi>  pair  i  if  u  heel-  ceases  to  be 
a  generator,  and  becomes  a  motor 
driven  by  current  from  the  other 
machine;  and  this  gives  rise  to  the 
peculiar  condition  of  a  car  moving 
along  with  one  pair  of  wheels  re- 
volving forward  and  this  other  pair 
backward.  <  ,R, 

765 — Relation  of  Name  Plate  Rat- 
ing to  A.  I.  E.  E.  Standards-  (  In 
what  particular  classes  of  appar- 
atus may  the  rating  on  the  name 
plate  of  the  apparatus  be  accept- 
ed as  the  standard  A.  I.  E.  E. 
rating  for  the  better  known 
makes  of  apparatus;  or,  if  easier 
to  answer,  which  may  not  be  so 
accepted?  The  Westinghouse 
Cooper-  Hewitt  Rectifiers — (30 
amj).,  and  50  amp.,)  have  ratings 
of  "Volts,  Amperes,"  "Number  of 
("ells."  etc.,  on  the  name  plate. 
\re  these  normal  operation  rat- 
ings,  maximum  ratings  or  what? 
What  I  wish  is  to  yet  at  the 
proper  horse-power  rating  under 
\.  I.  I-'..  E.  regulations  for  such 
apparatus;  that  i-,  such  rating 
that  the  apparatus  will  stand  25 
percent  overload  for  two  hours 
with  15  decrees  ( '.  temperature 
rise.  etc.  Also,  the  same  ques- 
ti< 'it  in  regard  to  elevator  mot. irs. 
For  example,  with  Otis  elevator 
motors,  what  relation  does  the 
name  plate  data  bear  to  a  proper 
A.  I.  E.  E.  rating  for  this  appa- 
ratus? If  there  is  a  definite  fixi 
ratio  in  each  case,  what  is  this 
ratio  approximately?  a.k.s. 

The  question  is  difficult  to  ans- 
wer for  the  reason  that  different 
types  of  apparatus  may  be  rated  on 
a  very  different  basis.    The  aver.: 
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apparatus  manufactured  may  be 
I  to  be  rated  on  a  temperature 
40  degrees  .  1 1  > « >  \  t-  the  sur- 
rounding air  for  continuous  full- 
load  working  conditions,  with  an 
additional  temperature  rise  ol  ten 
to  fifteen  degrei  -  (  .  (total  of  50  to 
55  degrees)  tor  a  25  percent  over- 
load for  i\\<>  hours.  The  American 
institute  standardization  rules  pro- 
vide for  limits  of  from  40  to  65  de 
s  C.  i  ise,  based  on  a  room  tem- 
perature of  25  degrees  <  .  and  an 
additional  15  degree  rise  for  an 
rload  of  -5  percent.  It  may  be 
said  that  apparatus  in  general  will 
meet  these  conditions  or  better, 
but  the  actual  relation  of  the  tem- 
.ture  rise  in  any  given  piece  of 
apparatus  to  the  Institute  standard 
requirements  can  be  obtained  only 
by  test  of  the  apparatus  in  service, 
or  by  reference  to  the  maker's 
tests.  In  general  the  ratings  on 
name  plates  are  the  normal  oper- 
ating ratings.  The  operation  of 
Cooper-Hewitt  rectifiers  is  based 
on  a  normal  temperature  rise  of  50 
degrees  C.  There  is  no  way  in 
which  a  horse-power  rating  can  be 
given  to  a  battery  charging  or  an 
arc  light  rectifier,  which  will  indi- 
cate in  any  way  its  capacity.  The 
same  thing  is  just  as  true  in  trying 
to  give  a  horse-power  rating  to  the 
battery,  as  it  must  be  rated  in  am- 
pere-hours and  number  of  cells. 
An  arc  light  rectifier  is  rated  in 
ampere  capacity  and  number  of 
lamps.  A  battery  charging  recti- 
fier is  rated  in  maximum  amperes 
and  maximum  number  of  cells 
which  can  be  charged.  There  is 
also  sometimes  given  a  maximum 
voltage,  but  this  maximum  voltage 
cannot  be  taken  simultaneously 
with  the  maximum  current  rating. 
The  ratings  are  so  given  as  to  in- 
dicate the  size  and  number  of  cells 
that  can  be  charged  and,  as  the 
batteries  in  general  require  a  tap- 
ering charge  rate,  the  maximum 
voltage  will  always  be  required  at 
one-third  to  one-half  the  maximum 
current  rating,  and  for  that  reason 
a  rectifier  rating  based  on  horse- 
power is  meaningless.  For  specific 
purposes  the  average  horse-power 
when  charging  the  largest  number 
of  cells  for  which  the  outfit  is  suit- 


ed c.w\  be  indicated,  but  this  has 
no  relation  to  an  \.  I.  E.  E.  horse- 
power rating.  For  information  re- 
garding the  relation  of  the  tnsti 
tute  standard  requirements  to  the 
name  plate  on  the  (>tis  elevator 
motors,  we  would  suggest  that  you 
eonier  directly  with  this  Company. 

C.E.S.  and  R.P.J. 
766 — E  1  e  c  t  r  i  c  a  1  Dictionaries— 
Please  inform  me  whether  there 
are  any  up-to-date  electrical  dic- 
tionaries published,  which  give 
all  of  the  latest  technical  terms, 
such  as  load  factor,  station  fac- 
tor, diversity  factor,  etc.  I  have 
Houston's  Dictionary,  but  not  in 
sufficiently  revised  form  to  cover 
some  of  the  later  electrical  terms. 

F.P.M. 

Houston's  dictionary  of  "Elec- 
trical Words.  Terms  and  Phrases" 
lias  been  published  in  revised  and 
enlarged  form  in  a  fourth  edition, 
containing  990  pages,  582  illustra- 
tions, and  sells  at  $7.00  net.  If  the 
older  edition  is  the  one  referred  to 
in  the  question,  this  later  edition 
would  doubtless  fulfill  your  wants. 
Note  also  the  "Illustrated  Tech- 
nical Dictionary"  published  in  two 
volumes  in  English,  German  and 
several  other  languages.  This  dic- 
tionary is  classified  somewhat  like 
a  handbook,  according  to  subjects. 
Volume  II,  compiled  by  Chas. 
Kinzbrunner,  deals  specifically  with 
electrical  engineering,  including 
telegraphy  and  telephony.  This 
volume  contains  some  2,100  pages 
and  4000  illustrations,  indexed  al- 
phabetically; price  $7.00  net.  Note 
also  the  "Electrical  Dictionary"  by 
T.  O'Connor  Sloane,  twelfth  edition, 
682  pages,  30.3  illustrations,  con- 
taining 5000  words,  terms 
and  phrases,  carefully  indexed; 
price  $3.00  net.  The  latest  revised 
information  regarding  technical 
and  electrical  terms  will  probably 
be  found  in  the  revised  standardi- 
zation rules  of  the  American  Insti- 
tute of  Electrical  Engineers,  which 
may  be  obtained  in  pamphlet  form 
for  a  nominal  price  from  the  Sec- 
.ry  of  the  Institute,  3.3  West 
39th  Street,  New  York  City.  See 
also  report  of  the  Committee  on 
Terminology  of  the  National  Elec- 
tric Light  Association.  e.r.s, 
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PERGONALS 

Mr.   II    I.    Sampson,  chief  el 
for  the  South  Utah  Mines  and  Smelter 

npanj ,  of   Newhi  »u  th,  has 

signed  t<>  enter  the  construction  depi 
mint  of  the  Southern  i  alifornia  Edison 
(  a  impan) . 

M  r.  ^*  asudiro  Sakai, 
<  in  the  engine*  i  ing   stafl  o(   the   \\  i 
tinghousc    I  !•  &    Manufactui 

Companj   al    East    Pittsburgh,  has 
turned  to  Japan  where  he  is  to  op<  n  a 
consulting    engineering    office    in     I 


fessi tr    William    E     Barrow 
Armour    Institute   of    Technology,    has 
gned  to  accept  the  position  of  pro- 
electrical   engineering   at   the 
University  of  Maine,  Orono,  Me. 


Mr.  C.   B.  Cook,  who  has  been  con- 
nected  with  the  publicity   work  of  the 
Westinghouse   Machine  Company,    I 
Pittsburgh,  Pa.,  has  severed  his  relations 
:i  with  Ford,  Bac<  >n  & 

I  >a\ 


Mr.    H.  C.   Burd,   sales  engineer  of 
the     Standard     Underground     Cable 

mpany,  at   their   New   York  "i; 
has   been   appointed   assistant    to   the 
nt'  the  Standard  Under- 
ground   Cable    Company    of    Canada, 
Ltd.,  with  headquarters  at   Hamilton, 


Mr.  W.  J.  Kyle,  of  the  Chicago  dis- 
trict of  the  Westinghouse  Elec- 
tric &  Mi  I  mpany,  has  resigned 
to  tion  with  the  11.  M. 
Byllesby  Company. 


Mr.  J.   M.   Leslie,  of  the  engineering 
department,      Canadian      W< 

npany,  Hamilton,  has  taken  up  com 
mercial    work   in  Hire   of 

impany. 


Mr.    R.    <i.    Berle,    formerly   of   the 
cinnati  of  the  Westinghoi 

Electric  &  Mfg  '  ompany,  is  now 
connected  with  the  Los  Angeles  dis- 
trict office. 


Mr.    E.    D.    Kilhurn.    of    the    P.uffalo 
office  of  the  Westinghous 
Mfg.  Company,  has  resigned  to  enter 
the  employ  of  the   Westinghouse   Ma- 
chine Company. 


Mr.  Alfred  Still,  who  l< 
in  the  early  part  of  last  year  I 
up  the  i" tsitii 'ii  o|  elei  trical  en 
to  the  l  uperii  »r  I ' 

'•t'    San  '.'  i  int. in- 

has  lately  been  appointed  chief  elec 
trical   i  r  to  the  mining  <1<  p: 

Hunt   of  the    Mgoma   Steel   '  •  u pi 
ti"ii.      His    headquarters    will    be 
Magpie  Mine,  Ontario,  where  he  will 
ha\  e  cl  i  the  » <  i  y  ii  implete  and 

up  t"  date  <  hit  ric   p  quipnu 

al  the  various  mines  controlled  by  the 
i  ■  impany,  and  will  also  I  iblc 

for   the  completion  and  operation   of 
the   .j  ooo   horse  p<  iwer    hydro  i 

erating    station    connected    to    the 
mines  through  an  [8  mile  three  pi 

rhead  transmissii  in. 


Mr.  C.  L.  Speaks,  of  thi  East  Pitts- 
burgh works  of  the  Westinghouse 
1  !'  cl  i  ic   &   M  mpany,   has   been 

transferred  to  the  Charlotte  ofl 


Mr.  William  II.  Marsh,  who  lor  the 
past  ten  years  has  hern  connected 
with  the  Standard  Underground  Cable 
ipany  of  Pittsburgh,  in  the  capaci- 
ty Hi'  superintendent  of  construction, 
has  been  appointed  sales  manager  of 
the  Standard  Underground  Cable 
mpany  of  <  ida,  Ltd.,  with  head- 
quarters at  Hamilton,  <  tatario. 


Mr.  C.  I).  Kunkel,  of  the  East  Pitts- 
burgh works  "t  the  Westinghouse 
Electric   &   Mi  npany.   has   been 

transferred    to   the    Seattle   district    of- 
fice. 


Professor  C.  A.  Johnson,  of  the  de- 
partment of  electrical  engineering  of 
Kansas  State  University,  is  spending  the 
summer  months  in  the  general  engim 
ing  department  of  the  Westinghouse 
Electric  &  Mfg.  Company  at  ; 
burgh. 


Mr.    Edward    1      Ashley,   Jr..   and 
Alfonse    Kaufman    have    op< 
suiting  engineering  offices  at  417  Fifth 
Avenue,  specializing  in  the  design 
heating,  lightii  ntilating,  r 

atinp  and   sanitary   install 


H'nodcraft   for  July.    I  ntains   a 

reprint  of  the  article  by  Mr.  William 
Wreaks  on  "The  Proper  Procedure  in 
Factory       Electrification"  m       the 

Journal  for  June. 
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Hot 

Weather 
This. 


It  may  be  possible  to  FAN 
yourself  with  a 
RAW  HIDE  MALLET, 
But  an  ounce  of  preven- 
tion is  worth  a  pound  of 
cure. 

Reduce  your  labors  and  get 
more  satisfactory  results  by 
u.ing  HOLBROOK'S  HIDE 
FACED  HAMMERS  and 
RAW  HIDE  MALLETS,  and 
you  will  not  need  a  fan. 

Ask  the  man  who  uses  them. 
He  will  say:  "BELIEVE  ME, 
they  are  the  real  thing" 

Manufactured   by 

Holbrook  Raw  Hide  Co. 

Providence,  R.  I. 


Hide  Faced  Hammers 

Raw  Hide  Mallets 

Raw  Hide  Blanks  for  Gears 


PENNSYLVANIA  ELECTRIC  ASSOCIA- 
TION 

The  fifth  annual  convention  of  the 
Pennsylvania  Electric  Association  will 
be  held  on  September  \.  5  and  (>  at  the 
Bedford  Springs  I  otel,  Bedford 
Springs,  Pa.  Among  tl  e  papers  to  he 
presented  are  tin-  following: — "The 
Prone  Pressure  Method  of  Kcsuscita- 
tion  from  Electric  Shock,"  by  Dr.  C. 
\.  Lauffer;  "The  Wiring  "of  (  lid 
Ileuses."  by  Messrs.  McKirdy  and 
Wood  of  Pittsburgh;  "Dollars  and 
Factors,"  by  Mr.  C.  I.  Russell,  of  Phil- 
adelphia; "Welfare  Work."  by  Mr.  I'.. 
F.    Day,   of    Philadelphia.      Addresses 

are  to  he  made  by  F.  M.  Tait,  presi- 
dent <>f  the  National  Electric  Light 
Association,  and  Mr.  T.  Commerford 
Martin,  executive  secretary.  A  num- 
ber of  attractive  entertainment  fea- 
tures have  been  arranged. 


NEW  BOOKS 


"Engineering  Valuation  of  Public  Utili- 
ties and  Factories" — Horatio  A.  Fos- 
ter. 345  pages,  Published  by  I).  Van 
Nostrand  Co.,  New  York  City.  Price, 
$3.50. 

'1  he  interest   in   the  subject  of  prop- 
erty  valuation    is  being   greatly   acceler- 
ated by  the  increasing  number  of  states 
which  have  created  commissions  to  ex- 
ercise   supervision    over    companies    op- 
erating  public   utility   enterprises.     Rate 
regulation  has  for  one  of  its  important 
factors  the  earning  of  a  fair  profit  on 
a  reasonable  investment  valuation,  cov- 
ering   both    the    physical    property    and 
the      intangible      costs.        There      have 
been    published    from    time   to    time   ap- 
preciable    literature     hearing     upon     the 
topics    of    value,    valuations,    good-will, 
going    concern,    depreciation,    amortiza- 
tion,   appreciation,     capitalization,     etc., 
which   has  been  embraced  in  this  book, 
hut    has    hitherto    been    much    scattered 
over  engineering  proceedings,  court  de- 
cisions   and    technical    magazines.      The 
condensing    of    the    most    important    and 
valuable     of     these     within     one     cover 
prove,    ,,f    much     worth     for    reference 
and    study.      Approved    forms   adopted 
by   the   Wisconsin    Commission   after   a 
most    careful    investigation    have    been 
reproduced    very    nearly    in    full.      Mr. 
Foster,     who     became     widely     known 
through       his       Electrical       Engineer's 
ket    Book,  has  been  a  party   to  sev- 
eral  extensive  utility  investigations  and 
consequently   acquired   much   experience 
in    this    held    hist    hand.      Mr.    Foster's 
work   is   characterized   by    its    degree   of 
thoroughness.  E.  i».  r>. 
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Both   the  article  by   Mr.   Dick  entitled  "Notes  on 
The  a  Large  Unipolar  Generator"  in  the  preseril   i 

Development  of  the  Journal,  and  the  paper  b)  Mr.  Lamme  «>n 
of  Electrical  the  "Development  of  a  Successful  Direct-Current 
Machinery  2000  kilowatt  Unipolar  Generator,"  presented  be- 
fore the  Boston  Meeting  of  the  American  Institute 
of  Electrical  Engineers,  are  indicative  of  the  rapid  changes  which 
are  taking  place  at  the  present  time  in  the  development  of  electri- 
cal machinery.  Those  who  are  closelj  identified  with  .the  manu- 
facture of  electrical  products  like  to  feel  that  the  time  1-  rapidly 
approaching  when  designs  will  become  standardized  and  manufac- 
turing problems  simplified,  l>ul  it  is  questionable  whether  such  is 
the  case.  At  the  time  the  design  of  the  generator  in  question  was 
undertaken,  it  seemed  the  only  solution  of  theproblem  from  an  « 
nomical  standpoint,  and  similar  developments  were  going  on  in  all 
the  large  electrical  manufacturing  companies.  However,  before 
the  machine  was  in  commercial  operation,  developments  in  other 
directions  pointed  to  the  fact  that  the  solution  could  be  arrived  at 
more  economically  in  other  ways,  and  it  is  not  probable  that  this 
type  of  unit  will  ever  have  a  very  large  application. 

There  is  another  viewpoint  often  1<  >s1  sight  1  >f  in  o  mnection  with 
developments  of  this  nature  where,  as  in  tin-  case,  the  need  is  no 
longer  felt,  namely,  the  credit  due  the  designers   for  successfully 
solving  a  most  difficult  problem     Some  of  the  troubles  that  present- 
ed themselves  seemed  almost  impossible  of  solution,  but,  as  pointed 
out  in  Mr.  Lamme's  paper,  they  were  taken  care  of  one  by  one  as 
they  came  up,  and  the  final  result  was  a  most  successful  machine 
which   has  keen  in  almost   constant   operation   day  and   nighl    - 
it  was  put  in  commercial  service.     Mad  the  demand   for  this  1 
of  unit  continued,  the  development  would  have  keen  heralded 
a  great  achievement  in  machine  design,  instead  of  being  losl 
of  as  a  mere  incident  in  the  day's  work.     The  time  and  expense 
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of  the  development  was  1>\  no  means  lost  as  the  data  obtained  is 
applicable  to  other  classes  of  apparatus  and  there  is  no  doubt  but 
that  the  utilization  oi  this  data  will  eventually  more  than  pay  for 
it.  W.    K.    DUNLAP 


[ncreased    economy    results    from    the   use    of    the 

Proving        large  generating  units,   and   practically   every   cen- 
the  tral    station   man   is  therefore  vitally  interested   in 

Circuit=         the  determination  of  the   features  which  limit  the 

Breaker  maximum  capacity  of  apparatus  that  can  success- 
full}  be  placed  in  service.  The  article  by  Mr.  J. 
X.  Mahoney  in  this  issue  of  the  Journal  giving  the  results  of 
tests  on  large  high  voltage  circuit  breakers,  will  relieve  any  doubt 
in  the  minds  of  central  station  men  that  the  circuit  breaker  might 
be  a  limiting  feature. 

In  this  instance,  we  have,  first,  a  central  station  as  a  martyr 
willing  to  risk  its  entire  plant  for  a  cause  by  which  all  central  sta- 
tions will  profit,  and,  second,  a  manufacturer  making  expenditures 
for  which  he  can  hardly  be  expected  to  receive  remuneration  with- 
in the  course  of  a  reasonable  time. 

Probably  never  before  in  the  history  of  the  electrical  industry 
have  such  exhaustive  and  comprehensive  tests  been  made  on  any 
piece  of  apparatus  under  practical  conditions  as  in  this  case,  and 
the  result  is  that  circuit  breakers  are  now  available  for  the  pro- 
tection of  plants  of  any  capacity  and  voltage  and  with  a  time  ele- 
ment as  low  as  nine-hundredths  of  a  second,  to  meet  all  practical 
conditions.  From  the  knowledge  obtained  by  these  tests,  the  prob- 
lem of  securing  satisfactory  circuit  breakers  for  the  protection  of 
central  stations  resolves  itself  into  a  question  for  central  stations 
to  determine  as  to  the  time  in  which  they  desire  the  circuit  breaker 
to  open.  C.  E.  Allen 


The  question  of  efficient  and  economic  handling  of 
The  Selection  coal    in   the   mine,   of    increasing  the   daily   output 
of  Mine         and  decreasing  the  cost  per  ton  mined  is  the  vital 
Locomotives    question  that  confronts  every  coal   mine  operator. 
for  Gathering  Electric   haulage   locomotives   are   in   common   use, 
for  every   up-to-date   mine   is  electrified,   and   coal 
operators  are   fast  coming  to  a  general   realization  that  the   func- 
tion of  gathering  the  loaded  car-   from   tin-  various  working  faces 
of  the  mine  and   distributing  the  empty  cars  to  these  points  can 
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In.-  accomplished  more  quick!)  and  at  l<  1  1>\  electric  gathering 

locomotives  than  !>\  any  other  means. 

No  machine  will  do  its  work  efficiently  and  with  the  high< 
nomy  unless  in  it--  application  all  of  the  various  phas<  -  of  the 
operating  conditions  have  been  taken  into  intelligent  consideration. 
Mr.  ( i.  W.  Hamilton,  in  1 1 1  i -.  issue  of  the  Journal,  shows  in  a 
very  comprehensive  manner  the  'lata  that  should  be  investigated 
and  considered  in  deciding  on  the  size  and  capacit)  of  a  locomo- 
tive for  gathering  service.  Such  a  locomotive,  like  any  other 
piece  of  apparatus,  should  not  be  installed  in  a  hap-hazard  man- 
ner and  In-  expected  to  do  its  work  efficiently. 

There  is  a  tendency  to  offer  machines  thai  are  much  heavier 
than  required  for  gathering  service.  All  unnecessary  weighl  re- 
quires an  additional  amount  of  power  t<»  move  it.  causes  extra 
wa-ar  on  wheels,  journals,  brake  shoes  and  track,  besides  cutting 
down  the  continuous  capacit)  <n  the  electrical  equipment.  Often 
too,  the  electrical  equipment  of  the  locomotive  is  of  greater  horse- 
power capacity  than  is  advisable.  This  necessitates  running  on 
resistance  the  greater  part  of  the  time,  and  with  the  attending 
troubles,  defeats  efforts  toward  efficiency  and  economy.  Locom  >- 
tives,  like  shoes,  should  not  be  too  small  nor  too  large,  but  should 
tit  conditions  exactly. 

Operators  should  insist  that  every  locomotive  that  is  installed 
in  their  mines  be  suitable  for  the  service  and  that  the  fact  of  its 
suitability  be  established  by  a  thorough  investigation  of  the  opera- 
ting conditions.  I.,  (j.  Schumacher 


NOTES  ON  A  LARGE  UNIPOLAR  GENERATOR 

W.  A.  DICK 

A  paper  on  "The  Development  of  a  Successful  Direct-Current  2  000 
Kw.  Unipolar  Generator"  was  presented  by  Mr.  B.  <i.  Lamme  before  the 
American  Institute  of  Electrical  Engineers  at  Huston,  Mass.,  June  28th, 
lou.  This  machine  is  unique  in  many  particulars  especially  as  to  type 
and  size  and  the  many  new  engineering  problems  involved.  These 
problems  and  the  ways  in  which  they  were  solved  are  very  completely 
broughl  out  by  Mr.  Lamme.  and  those  interested  in  these  features  are 
referred  to  his  paper.  As  this  paper  was  devoted  mainly  to  the  difficul- 
ties in  the  design  and  development  of  this  particular  machine,  it  is 
thought  that  some  comments  as  to  the  construction  and  performance  of 
the  unipolar  type  of  direct-current  machine,  may  be  of  interest. —  [Ed.] 

BRIEFLY  stated  a  unipolar  generator  (also  called  homopolar 
and  acyclic)  may  be  denned  as  one  where  the  conductors  in 
which  the  voltage  is  generated  cut  a  magnetic  flux  of  one 
direction  only  and  so  the  current  set  up  by  this  voltage  when  the 
external  circuit  is  closed  is  unidirectional.     In  an  ordinary  commuta- 


FIG.   I — UNIPOLAR  DIRECT-CURRENT  GENERATOR 

Capacity :  2  000  kvv,  264  volts,  7  700  amperes,  1  200  r.  p.  m. 

tor  type  of  direct-current  machine  the  voltage  generated  is  alter- 
nating as  the  coils  successively  cut  a  flux  of  one  direction  under  the 
n<  >rth  poles  and  of  the  opposite  direction  under  the  south  poles.  The 
current  set  up  by  these  voltages  when  the  external  circuit  is  closed 
are  rectified  or  made  unidirectional  by  the  commutator.  The  term 
"unipolar''  is  not  strictly  correct  because  there  cannot  be  a  magnetic 
circuit  of  one  pole  only,  but  it  is  the  commonly  accepted  term  for 
direct-current  machines  in  which  the  flux  cut  by  the  armature  con- 
ductors is  unidirectional. 
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An  externa]  view  of  a  2000  kw  unipolar  machine  is  pre- 
sented in  Fig.  1,  and  a  detail  view  of  its  rotor  is  shown  in  Fig.  2. 
The  output  of  the  machine  is  7  7<*>  amperes  at  264  volts  and  it  is 
direct-connected  to  a  steam  turbine  operating  at  1  200  r.p.m.  A 
diagram  showing  the  relative  proportions  of  the  complete  unit  is 
given  in  Fig  3. 

The  operation  of  the  machine  may  be  seen   from  the  sectional 


FIG.  2 — ROTOR  OF  2  OOO  KW,  UNIPOLAR  GENERATOR 

view  given  in  Fig.  4.  in  which  both  the  magnetic  and  the  electrical 
circuits  arc  shown  diagramatically,  the  arrows  indicating  the  dir< 
tion  of  the  magnetic  flux.      From  a  study  of  the  manner  in  which 
the  conductors  cut  the  lines  of  force  the  unidirectional  character  of 
the  voltage  can  be  seen. 

The  voltage  thai  can  be  generated  ec<  nomically  in  this  type  of 
machine  in  any  one  conductor  is  comparatively  small,  as  it  is  limited 
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FIG.   3 — DIAGRAMAT1C    ELEVATION   OF    UNIPOLAR   GENERATOR 

Showing  relative  proportions  of  complete  unit. 
by  the  magnetic  flux  which  can  be  obtained  from  each  pole.      The 
magnetic  flux  is  in  turn  limited  by  the  cro — ection  of  the  magnetic 

circuit  which  cannot  exceed  a  certain  value  without  making  tin- 
machine  unnecessarily  bulky  and  costly.  1  f  the  voltage  desired  is 
greater  than  can  be  generated  in  one  conductor,  the  number  of  con- 
ductors is  increased  and  they  are  connected  in  series.  In  the  present 
machine  each  conductor  generates  32.5  volts  and  to  secure  the  re- 
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quired  voltage  eight  conductors  are  connected  in  series.  As  will 
be  noted  in  Fig.  4.  the  return  conductors  are  carried  back  through 
the  stator  in  order  to  neutralize  the  armature  reaction;  armature 
reaction  and  iron  loss  are  both  reduced  to  a  very  low  value.  While 
Fig.  4  shows  but  one  conductor  between  each  pair  of  collector  rings, 


FIC.   4 — SECTIONAL    VIEW   OF    MAGNETIC   AND   ELECTRICAL   CIRCUITS   OF 

UNIPOLAR   GENERATOR 

The  arrows  indicate  the  paths  of   the  magnetic   flux. 

there  arc.  in  fact,  six  bars  in  parallel,  uniformly  spaced.  The  ends 
of  each  group  of  conductors  are  attached  to  a  pair  of  collector 
rings,  one  at  each  end  of  the  rotor.  It  is  evident  that  for  this 
type  of  machine  each  conductor  or  group  of  conductors  producing 
voltage  requires  a  pair  of  collector  rings.  It  is  also  evident  that  by 
paralleling  successive  groups  of  conductors,  a  greatly  increased  cur- 
rent output  can  be  obtained  at  a  correspondingly  decreased  voltage. 
With  all  circuits  in  parallel  the  output 
would  be  61  600  amperes  at  32.5  volts. 
The  current  is  collected  from  the 
rotating  rings  by  means  of  stationary 
o  >pper  leaf  brushes,  of  the  type  shown 
in  Fig.  5,  mounted  on  stationary  rings 
as  shown  in  Fig.  6.  One  of  the  prin- 
cipal problems  of  the  design  and  devel-  fig.  5— current  collecting 
opment  of  the  machine  was  to  secure  brush 

successful  operation  at  the  contact  speeds  required  (over  2.5  miles 
a  minute).  After  experimenting  with  numerous  types  of  brushes 
it  was  determined  that  a  thin  copper  leaf  brush,  very  soft  and  flex- 
ible, with  a  suitable  spring  tension,  would  give  very  satisfactory 
results.      One  of  the  unique  features  of  the  machine  was  that  it 
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was   found   necessary   after  numerous  set     th< 

brushes  againsl  the  direction  of  rotation  in  order  t"  keep  tin-  rings 
clean,  since  the  machine,  as  installed  in  service  was  subject  to  the 
dust  of  a  cement  works.  Lubrication  was  supplied  by  verj  - 
graphite  brushes  in  insulated  holders  bearing  on  each  of  the  rings. 
The  final  design  of  the  collector  rings  included  a  working  ring 
and  a  superimposed  wearing  or  contact  ring.  Both  rings  were 
shrunk  on  over  heavy  steel  springs  intended  to  take  up  anj  possible 
variation  in  tension  produced  by  heating.      In  order  to  insure  ample 

current  carrying  capacity  the  springs  between  the  inner  and  outer 

rings  were  covered 
with  a  thin  sheel  of 
copper. 

The  final  design 
of  this  generator  has 
■  e  e  n  commercially 
settled  as  it  has  been 
in  successful  opera- 
tion f<  >r  a  number  of 
years  under  some- 
wliat  adverse  opera- 
ting conditions  in  a 
cement  plant,  where 
it  has  proved  its  abil- 
ity to  operate  with- 
out undue  care  i  <r  at- 
tend >n.  The  efficien- 
cy of  the  machine, 
shown  graphically  in 
Fig.  7.  is  very  ^rood 
for  a  generator  <  >f  its 

current   and  voltage  capacity.     The  temperature  rise  is  less  than 

50  degrees  C.  on  the  rings  and  40  degrees  C.  on  all  other  parts. 

The  points  which  require  attention  in  operation  are: — 

1 — Cleaning  of  rings  at  regular  intervals  with  a  four  percent 

solution  of  hydrochloric  acid. 

2 — Adjustment    of    bru-h    tension    to    compensate    for    w< 

About  six  pounds  pressure  per  brush  was  found  by  experiment  to 

give  good  operating  results  without  excessive  wear  on  either  bru-h 

or  collector  rings. 

3     Reversing  the  current  at   stated   intervals,   by   switches   at 


FIG.    0 — SET    <>F    BRUSHES     MOUNTED    ON 
STATIONARY   KIN'. 
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the  switchboard,  to  equalize  the  wear  on  the  positive  and  negative 
rings.      It   has  been    Eound  that   the  cement  dust  or  some  electro 
chemical  action  has  the  effect  of  "eating  away"  the  rings,  which  is 
greater  when  the  current  passes  from  the  rings  to  the  brushes  than 
when  it  passes  from  the  brushes  to  the  rings. 

4 — Turning  the  rings  to  true  them,  in  case  any  roughness 
should  develop.     This  can  be  done  without  removing  the  rotor. 

5     Cleaning  the  air  passages  by  compressed  air. 

6 — Replacing  the  brushes  and  collector  rings  at  infrequent  in- 
tervals, a<  they  wear  out. 

The  design  of  the  generator  has  been  made  such  that  all  parts 
requiring  attention  during  operation  are  readily  accessible,  and  all 
wearing  parts  are  easily  removed. 

In  the  light  of  the  statement  of  the  successful  operation  of  this 


12 

— «♦ 

— n 

S     ,0 

Wind 

M  ar1 

i  Friction , 

zejnd 

Prinion 

^J6 

o4j£&- 

*in4i 

1 

■z    M 

I 

— 

84 

0 

10 

i 

20 
I 

3 

'.' 

40 

50 
1  Peru 

60 

1 

nt  Full  Load 

70 

80 

9 

) 

100 

FIG.   7 — EFFICIENCY    CURVES 

2000  k\v.  unipolar  generator. 

machine,  a  question  naturally  arises  as  to  why  this  type  of  machine 
has  not  been  further  manufactured  commercially,  and  its  use  ex- 
tended. At  the  time  the  order  for  this  machine  was  taken  it  ap- 
peared that  there  was  a  field  for  large  direct-current  machines  for 
direct  connection  to  steam  turbines,  for  installation  in  plants  where 
large  units  are  required,  and  that  the  unipolar  type  offered  the  best 
solution  of  the  problem.  The  field  still  remains,  but  other  mort 
recent  developments  have  taken  the  place  it  was  thought  the  uni- 
polar type  of  machine  would  occupy.  These  developments  are  along 
two  lines  and  involve  additions  to  existing  types  and  lines  rathei 
than  a  new  type,  as  follow'- : — 

I— -The  development  of  higher  speed  alternating-current  gen- 
erators in  large  capacities,  steam  turbine  driven.  These  are  now 
being  built  in  sizes  up  to  5  000  k.v.a.,  for  3  600  r.p.m.  Rotary  con- 
vert, -r-   for  transforming  60  cycle  alternating-current  to  direct-cur- 


LARGE  UNIPOLAR  GENl  RATOR 


rent  are  also  available,  and  a  combination  of  the  two  forms  an  at- 
tractive \\a>  of  obtaining  direct  current  in  large  amounts.     Wh< 
direct-current  only  i>  desired  the  generators  and  rotary  convert 
li.i\  e  tlu-ir  alternating-current  circuits  permanentl)  connected  to  igeth- 


PIC.    8 — INDUCTION    GENERATOR    AND    ST1   \M    Tl  RBIN1     SI  I     ELE<  IKK   VI  I.V    CON- 
EtOTARY  CONVERTER   l  VINING  DIRE<   I    I  URRI 

er.     The  voltage  <>f  the  generator  is  suitable  for  the  rotary  so  that 
transformers  arc  not  required  and  both  are  operated  practically  as 
one  unit,  being  started  and  stopped  together.      The  improved  i 
ciencies  of  the  -team  turbines  due  to  the  higher  speeds  offsel  the  ad- 


KIC.   i) — DIRECT-CURRENT  GENERATOR   GEARED   To    HIGH    SPEED    TIKI: 

ditional  losses  in  the  second  machine.  A  view  of  such  a  turbo- 
generator and  rotary  converter  installation  used  for  supplying  direct- 
current  only  is  given  in   Fig.  8. 

II     The  use  of  large  capacity  direct-current  machines  of  mod- 
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crate  speeds,  driving  them  by  steam  turbines  through  reduction 
its.  hi  this  case  the  steam  turbine  operates  at  its  most  economical 
speed  and  the  direct-current  generator  at  an  efficient  and  practicable 
speed  for  a  commutation  type  machine.  The  gain  in  steam  economy 
from  the  higher  speed  of  the  steam  turbine  more  than  offsets  the 
losses  in  the  gears.  Gears  for  such  drives  are  now  in  successful 
use.  or  are  being  built,  in  sizes  up  to  3  750  lew  direct-current  out- 
put. V  500  k\v  direct-current  generator  driven  by  a  steam  tur- 
bine through  a  reduction  gear  is  shown  in  Fig.  9. 

In  both  of  these  cases  the  steam  turbines  operate  at  higher 
speeds  than  would  be  possible  with  unipolar  generators,  and  at 
somewhat  better  steam  economies.  The  machines  are  all  of  stand- 
ard types.  The  advantages  of  this  arrangement  are  evident  from 
the  manufacturing  and  operating  standpoint.  The  apparatus  is 
also  of  types  with  which  station  operators  are  now  thoroughly  fa- 
miliar. A  new  type  always  involves  additional  training  and  ex- 
perience. 

The  unipolar  type  of  machine  is  rather  an  expensive  one  to 
manufacture  owing  to  the  large  amount  of  material  required.  The 
2000  kw  machine  weighs  175  000  lbs.  The  conclusion  to  be  drawn 
garding  this  type  of  machine  is  that  it  is  an  illustration  of  the 
case  where  an  inherently  satisfactory  design  is  displaced  through 
the  development  of  other  types  which  for  various  reasons  excel  it. 


TESTS  OF  LARGE  HIGH  VOLTAGE  OIL 
CIRCUIT  BREAKERS 

J.  N.  MAHONb1! 

AS  THE  outputs  "i*  generating  stations  have  im  .  it  has 

become  necessary  in  make  importanl  modifications  of  ap- 
paratus  used  to  control  or  interrupt  the  flow  of  electrical 
energy  in  circuits  connected  to  such  plant-.  \  type  of  apparatus 
that  has  been  expected  to  operate  satisfactorily  under  all  condi- 
tions of  operation  is  the  circuit  breaker.  The  modern  oil  circuit 
breaker  must  be  of  very  rugged  construction  to  withstand  the 
vere  mechanical   and  electrical   stn  encountered  in  the  opera- 

tion of  large  capacity  and  high  voltage  power  lines.  It  has  be- 
come difficult  to  test  large  circuit  breakers  under  operating  condi- 
tions mi  large  power  systems  except  at  great  expense  and  the  pos- 
sibility of  interruption  of  the  power  company's  service;  yet  it  has 
been  imperative  that  there  be  some  mean'-  of  observing  the  opera- 
ting characteristics  of  such  apparatus  under  these  conditions.  An 
example  of  one  such  tesl  is  that  made  recently  at  the  plant  of  the 
Hydraulic  Power  Company,  Niagara  Falls,  X.  Y.,  where  the  engi- 
neers, contemplating  large  extensions  to  their  [2000  volt  service, 
instigated  and  later  cooperated  with  manufacturers  in  such  a  series 
of  tesl  - 

These  tests,  completed  during  the  latter  part  of  1911,  arc-  un- 
equaled  in  point  of  magnitude  of  power  and  distributing  equipment 
utilized.  The  operating  engineers  of  the  Hydraulic  Power  Com- 
pany are  to  be  commended  for  the  very  complete  arrangements 
provided  for  making  repeated  tests  under  exact  service  conditions, 
thus  making  possible  a  new  record  in  experimental  electrical  engi- 
neering under  operating  conditions.  The  results  are  far  reaching 
from  the  standpoint  of  analysis  of  the  requirements  of  modern 
central  stations  and  in  demonstrating  the  perfection  of  large  switch- 
ing apparatus  to  a  point  where  it  is  capable  of  handling  the  output 
of  the  largest  power  systems.  Other  noteworthy  tests  which  have 
been  made  in  recent  years  may  be  of  interest  for  the  purpose  of 
comparing  the  generating  capacities  utilized  for  test  purposes  and 
indicating  the  intere-t   manifested  on  this  general   subject. 

It  will  be  seen  from  Table  I  that  the  machine  capacity  back  of 
the  tests  at  the  Hydraulic  Power  Company's  plant  is  approximately 
double  that  of  the  previous  tests.     The  tests  at  Cos  Cob  and  Chica- 
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-  i  had  limiting  reactances  in  series  with  the  generator.     The 

importance  of  the  Hydraulic  Tower  Company's  tests,  when  consid- 

1  from  the  standpoint  of  research  in  this  field,  may  therefore 

appreciated.     Limiting  reactance  was  not  used  and  short-circuits 

were  also  made  on  a  cable  system  y<i  considerable  dielectric  eapa- 
city.  In  several  of  the  5ts  'he  circuit  breaker  was  introduced 
between  the  battery  of  generators  and  a  large  portion  of  the  cable 
-  stem.  All  load  was  removed  and  a  short-circuit  made  on  the 
end  of  the  live  cable  system.  Under  these  conditions,  oscillatory 
surges  and  resulting  voltage  rises,  due  to  the  capacity  reactance  of 
the  cable  when  added  to  the  magnetic  energy  in  the  generator  iron 
of  the  tremendous  short-circuit  current,  make  it  much 
more  difficult  for  the  circuit  breaker  to  fulfill  its  function. 

TABLE  I— TAP. LE  OF   CAPACITIES    ON  WHICH    HIGH    POWER 
CIRCUIT  BREAKER  TESTS  HAVE  RECENTLY  BEEN  MADE 


Tested 

Kw 

Machines,  Voltage,  and  Systems 

Feb..  1910 

11  1 

2  Machines— 11  000  Volts. 

Long  Island  Citv  Station,  Pennsylvania 

R.R. 

May,  1910  to 

4  Machines— 11  "000  Volts. 

March.  1911 

16' 

Cos  Cob.  Conn..  N.  V.,  X.  H.  cV.  H.  K. 

R. 

Eeb.  to  Mar.. 

1  Machine—!*  000  Volts. 

1911 

_ 

Chicago,  Commonwealth  Edison  Co. 

Aug.  to  Oct.. 

4  Machines—  V2  000  Volts. 

30  ■ 

Niagara  Falls,  Hvdraulic  Power  Co. 

STATION    EQUIPMENT 

The  Hvdraulic  Power  Company  had  installed,  at  the  time  of 

these  tests,  five   7  - <  ■■  ■  kilowatt,  three-pha-e.   25   cycle,   12000  volt 

horizontal    water-wheel    driven    alternators    running  at   300   r.p.m. 

Xo  changes  were  made  in  the  bracing  of  the  windings  in  anticipa- 

1  of  the  repeated   stre->es   which   were  to  be  produced  by  the 

ere  short-circuits.     One  of  these  machines  was  always  operated 

on  a  separate  bus-bar  carrying  the  commercial  light  and  power  load. 

The  other  four  machines  were  usually  operated  on  a  furnace  load 

and  were  available  for  test  purposes  both  with  the  load  on  and  off 

at  various   times.     From   one   to    four  machines   were   utilized   as 

\vn  in  Table  II.  which  gives  a  summation  of  the  complete  series 

A  total  of  sixty-two  tests  were  made,  in  eighteen  of  which 
various  amounts  of  load  resistance  were  in  series,  the  remaining 
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direct-current  trip  coils.  The  center  circuit  breaker  was  used  nou- 
automatically  as  a  closing  switch  to  short-circuit  the  line.  The 
breaker  on  the  right  is  the  newer  type  used  as  an  automatic  instan- 
taneous direct-acting  alternating-current  trip  circuit  breaker.  The 
rear  view  of  Fig.  2,  shows  the  load  resistance  used  on  some  of  the 
tests.  This  view  also  shows  the  voltage  transformers  across  the 
contacts  of  each  pole,  the  secondaries  being  connected  to  the  voltage 
elements  of  oscillographs.  The  current  transformers  are  to  be 
-ecu  at  the  extreme  right  of  Fig.  _\  on  the  cables.  They  were 
housed  in  place  by  timbers  to  prevent  movement.      The  relay  trans- 


FIG.     I — ARRANGEMENT    OF    TEST    CIRCUIT    BREAKERS    ON     ROOF    OF     HYDRAULIC 

POWER    HOUSE 

formers  are  also  visible  on  the  incoming  cables  just  ahead  of  the 
current  transformers. 

These  views  show  clearly  the  heavy  bracing  required  for  the 
500000  circ.  mil  cables,  since  the  magnetic  fields  resulting  from  di- 
rect short-circuits  on  generators  totaling  30000  kilowatts  in  capa- 
city are  capable  of  producing  considerable  whipping  of  large  cables. 
The  circuit  breakers  were  all  of  the  indoor  type,  so  that  during 
showers  or  at  night  they  were  covered  with  heavy  canvas,  which 
explains  the  iron  work  supports  at  the  front  and  back  of  the  circuit 
breaker  structures. 

Slightly  elevated  from  the  test  roof  level  and  inside  the  station 
back  of  the  windows  shown  in  Fig.  1,  a  platform  was  constructed 
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on  which  were  mounted  t\\>>  oscillographs  and  the  testing  control 
panel.  Each  of  the  oscillographs  was  of  the  three  element  type, 
and  they  were  so  connected  thai  three  voltages  and  three  currents 
of  the  three-phase  circuit  were  recorded.  They  were  arranged  end 
to  end,  one  motor  driving  the  film  holders  "t'  both  al  the  same 
speed.  On  the  control  panel  were  mounted  controllers  for  the 
operation  of  all  test  circuit  breakers  and  switches,  instantaneous  re- 
lays and  a  field  trip  switch,  to  be  used  only  in  case  of  emergency. 
The  accuracy  with  which  oscillographic  records  may  be  inter- 
preted depends  upon  the  care  given  to  calibration.     For  these  par- 


'fi    VIEW    <>r    TEST    CIRCUIT    BREAKERS,    SHOWING    CONNECTIONS    AND 
CKIM   RESISTORS 

ticular  tests,    3000    to    5  ampei         ries  transformers  were  us 
an  adjustable  shunt  was  made  for  each  transformer  and  the  com- 
bination calibrated  with  a  particular  element  for  a  range  of  3000 
t"   30000   amperes       Vfter   the    instrument    was   mounted   at    tlu* 
ie  of  tests,  it  was  necessary  to  adjust  the  spring  tension  in  each 
element  so  that  upon  passing  a  certain  current  through  the  shunt 
the  same  deflection   was  obtained  as  on  the  calibration   with   the 
same  tic-Id  strength.     The  same  applies  to  the  voltage  elemenl 
cept  that  the  resistance  was  placed  in  serie-   instead  of  in  parallel 
with  the  elements.      The  accuracy  of  the  oscillographic  records  v 
therefore  insured. 
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A  wiring  diagram  of  the  complete  testing  outfit,  as  used  dur- 
ing tests,  is  shown  in  Fig.  3.  All  control  leads  from  the  circuit 
breakers  were  kept  in  the  clear  from  the  high-tension  leads  and 
were   drawn  through   a  thoroughly  grounded  pipe  to  the  control 

panel.  The  circuit  breaker  frames  and  transformer  cases  were  all 
solidly  grounded.  In  tests  of  this  nature  too  greal  care  cannot  be 
given  to  such  matters  as  grounding  all  parts  with  which  an  opera- 
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Fir,.   3 — SCHEMATIC   DIAGRAM   OK  CONNECTIONS    FOR  CIRCUIT  BREAKER  TEST 

In  some  of  the  tests  the  shunt  transformers  were  connected  across  the 
circuit  breaker  terminals  instead  of  as  shown. 


tor  may  come  in  contact  while  the  voltage  is  on,  or  to  which  an  arc 
may  flash  due. to  some  unexpected  failure. 

TEST    CREW 

In  making  tests  of  so  extensive  a  nature  it  is  necessary  that 

the  test  crew  be  thoroughly  organized  and  every  man  familiar  with 

his  duty.     The  most  important  member  of  the  testing  crew  is  the 

operator  of  the  control  board,  who  should  be  the  leader  during  the 

it  periods.     A  man  was  stationed  at  the  governor  of  each  ma- 
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chine.     The  switchboard  operator  was  necessarily  on  the  alerl 
a>  tn  be  in  a  position  to  cut  apart  from  the  load  any  machine  that 
ini^lit    drop   "in    of    synchronism.     The   operators  of  the  oscillo- 
graphs are  necessarily  experts  in  their  line.     <  Mi  tin  ord 
of  1-5  perfecl  oscillographs  oul  of  a  possible  [30  was  made. 

It  was  the  duty  of  the  remainder  of  the  crew  t<>  change  con- 
nections, assist  in  inspection  and  perform  the  labor  1,  r)  for 
setting  up  the  various  combinations.  Cable  crews  win-  used  on 
cable  tests,  handling  the  cables  at  the  far  end  and  making  the  short- 
circuits  by  means  of  the  short-circuiting  device  shown  in   Fig.  4. 

This  device  consisted  of  a  treated   \\ I   frame  on  cadi   side  of 

which  ware  fastened  permanently  a  plate  and  one  phase  of  a  tli 
phase  cable.     The  third  phase  of  the  cable  was  securely  fastened 

to  the  pivoted  arm  w  hich,  when 
it-  support  was  removed  fell 
across  the  other  two  pha 
making  a  simultaneous  tin 
phase  short-circuit.  The  cord 
shi  >wn  at  the  left  is  f<  »r  the  pur- 
pose of  operating  the  oscillo- 
graph shutter  switch  closing  the 
circuit  through  a  local  telephone 
line,  which  was  tempi  rarily  used 
for  this  purpose. 

A  ]'h'  »tographer  was  am< >ng 
the  witnesses  in  order  to  obtain 
photographic  records  of  the  disturbances.     In  m<    '  .  howei 

the  effects   were  of   such   short   duration   and   SO  little   visible  el: 
accompanied  them   that   practically  no  disturbance  was  visible  <>n 
the  films. 

)UEN<  1.   in-'   OPERATION    DURING    I 

<  >n  direct  short-circuit  tests  the  following  events  take  pi; 
in  the  order  named,  referring  to  hi.kr-  3:  The  disconnecting 
switches  are  closed,  the  test  circuit  breaker  is  closed  and  the  oscillo- 
graph operators  start  their  arc  lamps  and  motor,  notifying  the  con- 
trol operator  when  ready  for  the  test.  The  control  operator  pulls 
a  whistle  cord  warning  the  entire  crew  that  the  short-circuit  will 
be  thrown  on  in  fifteen  seconds.  The  oscillograph  opei 
move  the  slides  on  the  film  holders.  Thirteen  seconds  after  the 
first  whistle  a  second  whistle  is  blown  to  inform  all  that  the  cl 


PIC.    4— ARRANGEMENT    FOB    SHORT-CIR- 
'  [NC  THREE-PHASE   CABLE   ENDS 
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ing  switch  is  to  be  closed  at  once.  When  the  test  circuit  breaker 
has  opened  the  closing  switch  is  opened.  Then  the  disconnecting 
switches  arc  opened  and  inspection  and  records  made  as  are  de- 
sired. 

When  making  cable  short-circuits  at  the  far  end  of  the  cables 
the  watches  of  both  sections  of  the  crew  were  timed  alike  over 
the  telephone  and  arrangements  made  that  at  a  certain  time  the 
cable  would  he  made  alive,  and  a  definite  period  afterwards  the 
short-circuit  device  would  make  the  connections.  Otherwise  the 
method  is  the  same  as  described  for  direct   short -circuits. 

RECORDS  of  ti:s  i  - 

A    few   of    the    records   are    shown    as   a  means   of    illustrating 

the  results  obtainable  in 
high  power  circuit  break. 
er  tests.  The  short-cir- 
cuit characteristic  o  n 
the  particular  type  of 
generators  tested  i  s 
shown  in  Fig.  5.  The 
curve  is  made  up  from 
the  average  of  the  three- 
phase  currents.  T  h  e 
effect  of  time  element 
relays  and  of  delayed 
circuit  breaker  action 
are  evident.  The  long 
time  element  has  the  ad- 
XGFD  vantage  of  limiting  the 
shock,  at  the  time  of 
opening,  on  c  i  r  c  u  i  t 
breaker  apparatus  situated  close  to  large  generating  capacity.  It 
has  however,  a  number  of  disadvantages.  The  voltage  of  the 
Stem  drops  to  a  low  value  for  so  long  a  time  that  synchronous 
apparatus  on  the  system  may  drop  out.  Another  is  the  destruc- 
tion that  may  be  caused  at  the  point  of  short-circuit  or  in  the  wir- 
ing leading  thereto. 

The  advantage  of  quick  opening  is  in  reducing  the  extensive- 
ness  of  destruction  and  disturbance  in  apparatus  beyond  the  cir- 
cuit breaker.  The  disadvantage  of  quick  opening  is  in  the  high 
voltage  shocks  that  may  be  imposed  on  the  system  on  causing  the 
energy   flow   to   cease   while   at   a  maximum.     In   the   case   of   the 
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generators  the  curves  and  oscillograms  show  that  the  maximum 
current  occurs  on  the  first  few  waves  of  the  short-circuit  before 
any  practical  circuit  breaker  could  operate.  Ii  is  evident  that 
quick  action  on  the  part  of  the  circuit  breaker  would  not  eliminate 
the  mechanical  and  magnetic  shocks  in  tlu-  windings  and  structure 
of  the  generators. 

To  open  the  short-circuit  during  this  maximum  condition  of 
current  flow  and  the  resulting  high  magnetic  ilnx  causes  extreme 
rise  of  voltage  in  the  generator  windings  winch  are  influenced  by 
the  sudden  change  in  magnetic  flux.  The  great  amount  of  stored 
energy  in  the  structure  of  the  generator  must  be  absorbed  in  some 
manner  and  it  i>  preferable  to  reduce  this  to  a  considerably  small- 
er value  by  permitting  the  short-circuit  to  persist  for  a  number 
of  cycles.     In  practice  a  non-inductive  load  in  shunt   to  the  gen- 
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RAPHIC  RECORD  OF  OPERATION  of  QUICK    ACTING  CIRCUIT  BREAKER 
OPENING    I'IKl  i  C    SHORT-CIRCUIT 

In  this  and  the  following  oscillograms  the  photographic  film  was  wrapped 
around  a  rotating   drum  and  the  exposure  was  made  during   one  comp 
revoluti  at  any  desired  instant,  but  n  »t  at  any  particular  portion  of 

the  film.  The  record  should,  therefore,  be  considered  as  the  development  ol 
a  cylinder  in  which  the  beginning  of  the  record  does  not  necessarily  coincide 
with  the  edge  of  the  film.  l"'>r  purposes  of  reference  it  should  be  kept  in 
mind  that  the  tim<  "ti  the  upper  and  lower  records  are  simultaneous, 

although  taken  on  separate  oscillographs. 

erator  bus-bars  could  be  provided  to  absorb  this  energy.  It  is  rare- 
ly possible  in  practice  t<»  get  a  commercial  load  of  this  character 
"ii  a  circuit  sufficiently  short  to  be  of  low  impedence.  Several 
such  loads  would  be  i  rj   in  order  that  at  least  one  would  he 

on  the  bus-bars  while  disturbances  are  being  cleared  in  one  or  a 
number  of  the  other  circuits. 

Quick  and  positive  action  of  the  operating  mechanism   is  one 
of  the  most  important   features  of  successful  circuit  breaker  ac- 


74S 


THE  ELECTRIC  JOURNAL 


tion.  The  improved  types  of  circuit  breakers  tested  at  Niagara 
Falls  showed  this  characteristic  to  an  unusual  degree,  as  indicated 

in  Fig.  <>,  which  is  the  oscillographic  record  of  currents  and  volt- 
ages when  opening  a  direct  short-circuit  on  the  bus-bars.  From 
the  time  scale  it  is  noted  that  the  circuit  was  opened  in  less  than 
0.09  second  from  the  time  the  circuit  was  closed,  this  being  un- 
doubtedly the  mosl  speedy  circuit  breaking  ever  recorded  on  like 
capacity  and  voltage.  This  remarkably  short  time  element  was 
obtained  by  using  self-contained  series  transformers  connected  di- 
rectly to  the  trip  mechanism.  This  quick  action  increases  the  diffi- 
culty of  breaking  the  circuit,  as  will  he  noted  from  Figs.  5  and  6, 
showing  that  the  circuit  breaker  was  compelled  to  open  the  circuit 


FIG.     / — VIEW     OK    TKST    CIRCUIT    BREAKERS     TAKEN     AT     THE 
TIME  OF  THE   SHORT-CIRCUIT   TEST  RECORDED   IX   FIG.   6. 

while  the  current  values  and  the  voltage  rise  were  practically  the 
maximum.  It  will  also  be  noted  that  the  resulting  voltage  rise  is 
excessive  when  short-circuits  are  cleared  so  rapidly  under  these 
condition-,  and  greater  damage  to  the  generating  apparatus  may 
result  from  this  cause  than  from  the  action  of  this  form  of  circuit 
breaker  when  tripped  later  and  the  current  broken  further  along 
on  the  short-circuit  characteristic  of  the  machine.  The  condition 
of  this  test  was  a  direct  short-circuit  at  the  circuit  breaker  in  shunt 
to  the  generator  bus  with  a  full  load  of  electric  furnaces  supplied 
through  several  underground  cables  of  low  inductive  reactance  in 
parallel.  This  form  of  load  and  circuit  would  naturally  tend  to 
absorb  the  energy  kick  from  the  generator  when  the  short-circuit 
on   the   bus-bars   was  cleared.     It  was    found    in    subsequenl    tests 
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with  this  type  of  circuil  breaker,  operated  as  in  the  test  above  !>ut 
with  the  generators  isolated  from  all  load  other  than  the  short- 
circuit,  that  the  voltage  rise  \\a^  sufficient  i<>  break  down  the  insul- 


.S — OSCli  HIC  RECORD  Of    rHE  OPERAT1  '.   ukmii    BK 

A   SHORT-(  IR<  i 

The  voltage  rise  acr —  the  circuit  br<  is  indicated.     1 

circuit  was  opened  in  one  and  one-half  cycles.    The  generatoi 
from  l<  tad  daring  the  I 

ation  of  the  generators.     The  absence  of  any  spectacular  effects 
accompanying  this  test  is  shown  b)    Fig.  ~. 


FIG.    •)      VIEW    OF    i  IRi  l" IT    BREAKER    TAKEN    AT   TIIK    TIME 
OPENING    \    HEAVY   SHORT-CIRCUIT  AS  RECORDED  IN    PIG.  S. 

Fig.  8  shows  the  oscillograms  and   Fig.  9  the  \i-il>k-  1 
accompanying  a  heavy  short-circuil  on  machines  on  separate  bus- 
bars   isolated    from    load.     The    oscillograms    show    good    circuit 
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breaker  action  and  high  voltage  rise  at  the  instant  of  breaking,  due 
to  the  discharge  oi  the  magnetic  field  in  the  iron  structures  of  the 
generators.  The  voltage  waves  are  across  the  contacts  of  the  test 
breaker.     This  test   was  made  with  trip  transformers  used  m  con- 
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FIC  RD    0F    A    TEST     WITH     GENERATORS     SUPPLYING    POWER    TO    ELECTRIC 

FURNACES 

nection  with  instantaneous  relays  and  direct-current  trip  coil,  all 
of  which  delav  the  opening  of  the  breaker  after  the  short-circuit 
is  thrown  on. '  The  circuit  breaking  was  performed  in  one  to  one 
and  a  half  cycles  on  the  different  phases,  whereas  the  short-circuit 
was  on  for  seven  and  a  half  to  eight  cycles. 
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-RECORD  OF   A   TEST    SHOWING   TENDENCY  OF  ARC  TO   "HANG   OVER" 

The  oscillograms  of  a  test  which  is  directly  comparable 
with  that  shown  in  Fig.  8,  are  given  in  Fig.  io,  the  differ- 
ence between  the  two  tests  being  that  the  first  is  on  machines  on  un- 
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loaded  bus-bars  while  the  latter  is  on  the  bu  of  machii 

ding  an  electric  furnace  load.  Voltage  is  delta  voltage  on  ma- 
chine side  of  tesl  breaker.  Oscillograms  ai  n  in  Fig.  n  of 
i  test  which  shows  the  voltage  conditions  that  are  often  met  with 
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.    U — RECORD  uK  A  TEST  TAK!  N    WHEN  OPENING  A    HEAVY   I  AB1  B   SHORT-COM  UI1 

on  a  high  current  arc  in  oil,  tending  to  either  maintain  or  re-estab- 
lish  the  arc.  The  voltage  indicated  is  the  delta  voltage  on  the 
machine  side  of  the  circuit  breaker. 

The  oscillograms  of  Fig.   u  cover  a  test   indicating  excellent 
circuit    breaker    action    when   opening   a  heavy    cable   short-circuit. 
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FIG.    13 — RECORD  OF   SHORT-CIRCCIT  TEST  ON   IMPROVED   TYPE  CIRCUIT   BRF.AKKK 

The  high  voltage  surges  at  the  instant  of  breaking  may  be  noted. 
This  cable  sh<>rt-circuit  consisted  r.f  closing  on  a  fused  short-cir- 
cuit, using  as  a   fuse  one  X"-  36  copper  wire  wound  on  three  inch 
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copper  per  phase.  The  presence  of  harmonics  expected  in  an  arc 
short-circuit  was  not  shown  by  the  oscillograms.  The  voltage 
wa\cs  indicate  delta  voltage  on  the  cable  side  of  the  breaker. 

A  test  taken  on  an  improved  type  of  circuit  breaker  with 
Standard  mechanism  is  shown  in  the  oscillographic  records  of 
Fig.  13  and  the  pressure  indicator  card  of  Fig.  14.     These  records 

show  perfect  operation  of  the  Break- 
er; but  a  few  drops  of  oil  were 
ejected  and  but  little  smoke  was 
emitted.  The     oscillograms       are 

somewhat  crowded  owing  to  the 
low  speed  of  the  oscillographs. 
Better  proportions  are  shown  in  the  oscillograms  of  Fig.  15  and 
in  the  indicator  card  of  Fig.  16;  both  were  taken  on  a  test  which 
was  a  duplicate  test  to  that  shown  in  Fig.  13,  hut  with  a  different 
tripping  condition.  The  oscillograms,  when  compared,  show  the 
difference  between  quick  acting  and  slow  acting  relay  settings. 

Records  of  a  test  on   a  quick   acting  type  of  circuit  breaker 


FIG.    14      PRESSURE   CARD 

i  m  medium  stroke  nil  circuit 
breaker,  taken  in  air  chamber 
above  oil. 
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FIG.    15 — RECORD  Of  TEST   SIMILAR  TO   THAT   IX    FIG.    13,   BUT   WITH    DIFFERENT   TRIP- 

PING    CONDITIONS 

opening  a  direct  short-circuit  on  part  of  a  cable  system  are  shown 
in  Figs.  17.  [8,  and  [9.  Fig.  17  shows  the  oscillograms,  Fig.  [8 
the  pre— nre  indicator  card,  and  Fig.  [9  a  photograph.  There  was 
practically  no  external  demonstration  excepl  slight  smoke  from  the 
circuit  breaker  vents.     This  test  is  com] .arable  with  that  shown  in 


(7A'(  III   BREAKER   TESTS 


r53 


6,  the  onl)  difference  being  thai  a  live,  unloaded  cable  system 
on  loaded  bus-bars  is  involved  in  the  test  given  i:i  Fig.  17.  The 
short  circuit  was  closed  on  a  cable  with  the  system  alive  to  full 
voltage  and  the  cables  fully  charged.  The  time  required  t"  open 
the  cable  short-circuit  was  approximately  0.16  seconds  while  the 
time  required  to  open  the  direct  short-circuit  was  approximately 
0.09  seconds.     The  records  show  thai  th<-  effed  of  a  cable  system 

i^  tn  produce  a  more  tenacious 
_  arc,  due  t<>  the  dielectric  capacity 
of  the  cable  in  addition  to  the 
magnetic  energy  in  the  rest  of  the 
system.     The   voltage   waves   indi- 
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'     rresponding  15. 


cated  are  those  across  the  circuit  breaker  contacts. 

SI  MARY 

For   successful   operation,   a  circuit   breaker   should   have   an 
operating  mechanism  giving  quick  and  positive  action.     The  tc-t> 
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PIG.    17      RECORD  OF    \    :;  5T  "N"   [M PROVED   Tvi'K  OF  CIRCUn  BREAKER 

Opening  short-circuit  on  cable  system. 


show  that  speeds  of  circuit  breaker  operation  as  low  as  0.09  s< 
I'U'U  have  been  obtained  and  that  an  average  of  <  1 .3  to  0.6  seconds 
i^  usual,  depending  on  the  method  of  tripping   and  the  type  of  cir- 
cuit breaker  ami  instantaneous  relay.     They    also    show    that    the 
voltage  disturbance   increases   with   the   speed   of  operation.     '-"- 
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lated  generators  present,  on  a  given  short-circuit,  a  harder  circuit 
breaking  problem  than  a  like  short-circuit  from  hus-bars  which 
also  carry  another  load.  The  nature  of  this  load  is  also  a  large 
factor. 

While  a  long  time  element  serves  to  limit  the  shock  to  the 
circuit  breaker  when  opening  circuits  with  large  power  and  low 
impedance  involved,  it  allows  of  objectionable  drop  in  voltage,  and 


Sian 


I  inish 


FIG.    iS — PRESSURE  CARD  ON    SHORT   STROKK  CIRCUIT   BREAKER 

rrcsponding  in   Fig.   i~.     Taken  near  the  arc  in  nil  vessel. 

of  extensive  destruction  at  the  point  of  short-circuit.  On  the 
other  hand,  it  is  not  only  impracticable  but  undesirable  to  inter- 
rupt a  short-circuit  during  the  first  cycle  when  the  current  is  at 
a  maximum.     The  shock  to  the  generator  is  not  eliminated  by  any 


FIG.      10. — VIEW     OF     CIRCUIT     BkEAKER     TAKEN     AT     TIME     OF 
SHORT-CIRCUIT    TEST    RECORDED    IN    FIG.    1/ 


practical  speed  of  operating,  and  such  interruption  of  the  magnetic 
flux  results  in  serious  rise  of  voltage,  unless  some  other  suitable 
means  of  absorbing  the  accumulated  energy  is  provided,  a  require- 
ment difficult  to  meet  successfully  in  commercial  operation. 
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Moreover,  under  some  conditions,  oscillator)  surges  and 
sultant  voltage  rises,  due  to  the  combined  effecl  of  this  accumu 
lated  generator  energy,  and  the  presence  of  cables  make  il  difficult 
for  the  circuit  breaker  to  operate  satisfactorily.  Hence,  the  stored 
dielectric  and  magnetic  energ)  in  the  apparatus  and  lines  of  t Ik- 
•mi  that  affect  a  circuit  breaker  in  a  particular  situation  must 
be  considered  in  selecting  a  circuit  breaker  of  appropriate  "ulti- 
mate capacity"  or  circuit  breaking  ability.  This  factor  is  inde- 
pendent of  the  insulation  and  current  conducting  characteristics  "t" 
the  circuit  breaker. 

The  results  of  the  tests  demonstrated  that  high  power  circuit 
breaking  apparatus  is  practicable  and  can  be  installed  on  large 
power  systems  with  perfect  confidence  in  its  satisfactory  operation 
under  the  most  severe  operating  conditions. 

The  staff  of  the  Hydraulic  Power  Company,  Messrs.  Harper, 
I.ee.  Gottlieb,  Scott  and  Ross,  deserve  great  credil  for  their  assist- 
ance  in  conducting  ami  making  possible  these  tests,  as  a  result  of 
which  exact  operating  conditions  may  he  presented  graphically  for 
the  benefit  of  the  profession  generally.  Messrs.  Funk  and  Armour, 
of  the  manufacturers*  engineering  staff,  also  deserve  commendation 
for  their  valuable  assistance  in  carrying  the  tesl  program  t<>  a  suc- 
cessful conclusion. 


GATHERING  BY  ELECTRIC  MINE  LOCOMOTIVES 

('..  W.  HAMILTON 

THE  results  obtained  in  service  by  the  use  of  gathering  loco- 
motives depend  so  much  on  the  conditions  to  be  met,  that 
the  consideration  of  details  covering  these  conditions  of 
operation  in  the  mine,  is  of  greatesl  importance.  As  all  is  based 
on  the  arrangement  of  the  mine,  certain  questions  should  always 
receive  investigation  : — 

I- — From   how    many   cross   entries   will   the   ears   be  gathered 

to  secure  the  maximum  output? 
^ — What  will  he  the  distance  from  the  outside  working  room 

i  n  each  cross  entry,  to  the  parting  on  which  loads  will  be 

placed  for  main  haul  locomotives,  and  from  which  empties 
will  be  secured  for  the  rooms? 

3 — How  many  working  rooms  will  there  be  in  each  cross 
entry?  (  From  this  information  data  regarding  the  average 
maximum  output  of  the  cross  entry  will  be  secured.) 

4 — How  many  loads  may  be  counted  on  per  day  from  each 
working  room  ? 

5  —How  many  loads  may  be  counted  on  per  day  from  the  face 
of  each  working  cross,  or  main,  entry? 

6 — How  frequently  does  the  main  haulage  locomotive  visit 
the  parting  served  by  the  gathering  locomotive,  and  how- 
many  loads  and  empties  does  it  respectively  haul  away 
and  leave  on  each  trip? 

7 — What  is  the  average  distance  from  the  inside  working  room 
to  the  face  of  the  cross  entry  on  which  it  is  located? 

8 — What  is  the  average  length  of  all  the  working  rooms  on 
each  cross  entry;  and  the  maximum  length  of  any  working 
r<  ii  'in  to  be  served  ? 

9 — Will  the  gathering  locomotive  pull  the  load  from,  and  sel 
the  empty  at.  the  face  of  each  working  room,  or  will  one 
of  the  car  gotten  from,  or  set  at  the  face  and  the  other 

picked  up  at  the  room  neck  inside  the  switch?  •_     - 
io — Where  will   the  cars   for  the   face  of  each  cross  entry  be 
pulled  from  and  set;  at  the  face — just  inside  of  the  inside 
room  -witch — or  inside  of  the  open  crosscut  switch? 
II — If  room-  are  driven  from  one  i  ntry  only,  of  each  pair, 

will  the  gathering  locomotive  have  to  set  the  empty  at 
the  face  of  the  hack  entry  as  well  as  pull  load,  or  where 
may  the  empty  car  for  the  hack  entry  be  left? 
12 — What  will  besl  -nit  the  conditions;  to  gather  loads  and  set 
empties  in  the  same  entry:  or  to  gather  loads  from  one 
entry,  and  set  empties  in  the  other,  and  vice  versa? 


/  ■/./  (   I  Kir  MIX  I    LdCOMdTlVl  :'?7 

[3  —What  kind  of  track  will  be  laid  in  working  rooms ;  -•  in.  by 

4  in.,  or  ,\  in.  by  4  in.  w len  lagging,  rails  without  fish- 

plates,  or  rails  with  fishplates?     •  Obtain  details  of  track. 
1  l     What  kind  of  switch  1 1:1--  been,  or  x\. ill  be  laid  into  each 
in  and  crosscut;  stub  point,  single  latch  and  stub  point, 

double  latch  operated  separately,  or  double  latch  tied  to- 
ther  ? 
15     What   is  the  radius  of   sharpest   curves   into   rooms,   and 

from  main  entries  into  cross  entries 
[6     I'"  all  switches  from  rooms  face  out? 
17     How  much  clearance  is  there,  between  rail  and  mar  ril>. 

"ii  curves  int<  1  r< « »ms  ? 
[8   -What  kind  1  f  coupling  is  used  on  cars,  and  what  clearance 

does  it  give  between  cars,  when  coupled  and  stretched  on 

straight  track? 
im     Where  will  the  trolley  wire  be  located  in   relation  to  the 

track  on  each  cross  entry,  when  facing  out? 
-Gauge  of  track  as  laid:  grades  with  direction  and  length, 

in  1  entries  and  rooms;  weight  of  empty  car-,  and  of 

their  loads;   frictional   resistance  of  empty  car-;  general 

dimensions  of  loaded  car-;  voltage,  etc. 

Having  secured  this  information,  and  a  good  idea  of  the  layout 
of  the  mine  while  obtaining  it.  the  detail-  which  control  the  weight 
and  capacity  of  the  gathering  locomotives  will  be  found  in  the 
questions  which   follow: — 

1  —  Maximum  grade  against,  or  in  favor  of,  the  loads  on  the 

cross   nitric-  ? 

Number  of  working  ro<  ms  per  entry  with  car-  loaded  per 
room  ? 

3 — Weight  of  rail  in  rooms,  and  on  cross  entrii 

4 — Average  and  maximum  length  of  rooms  and  length  of  runs 
t< »  partings  ? 

5 — Weight  of  loaded  car 

6 — Clearance  between  rail  and  roof,  and  rail  and   rib? 

The  significance  of  these  questions  will  be  further  evident  from 
the   following  considerations: — 

1 — It  the  grades  on  the  cross  entries  are  severe  they  will  limit 
the  length  of  trip,  unless  a  heavy  locomotive  be  used,  and 
this  item  is  determined  by  the  weight  of  track  rail,  general 
construction,  and  clearam 

_•  -If  the  grades  and  weight  of  rail  do  not  limit  the  size  of  the 
locomotive,  the  length  of  trip  will  depend  "ti  the  number 
of  room-  to  he  served,  the  frequency  of  the  service,  and 
the  length  of  the  run-,  .all  of  which  tend  t>>  determine  thi- 
feature. 
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ELECTRIC  MINE  L0(  OMOTIVI  ,     i 

It  inu-t  also  be  remembered,  that  sat  is  factor)  ual 

rvice  to  all,  and  it'  five  cars  ar<  u«l  hauled  in  a  certain  room, 

the  same  must  be  «1«  >iu-  in  :ill  other  working  r na  can  The 

service  therefore  bee  »mes  a  question  of  time  distribution  more  than 
all  else.  \  typical  proposition  has  been  worked  out  below,  the 
data  being  taken  from  the  note  book  of  the  engineer  making  the 
preliminary  survey,  and  being  accompanied  by  a  sketch  such  as 
that  of  Fig.  i.  showing  the  general  plan  of  the  workings  to  Ik-  de 
veloped. 

Data  secured:  — 

i — Gauge  of  track      [2  inches,  laid   \  i  ;  j  in.  to  i-    ■  in. 

Weighl  of  rail-  20  II'-.  per  yard  <>n  cross  entries,  3  in.  1>\ 
4  in.  lagging  and   [6  ll».  iron  in  rooms.   (Lagging  will  be 
replaced  by  in m  I. 
3     Radius  of  curves     ab  ul  20  ft.  into  rooms  and  25  ft.  into 

main  entry   from  cross  entries. 
4— Weight  of  empty  car  [600  lbs. 
5— Weight  of  l"a<l  in  car,  3600  lbs. 
'•     Frictional  resistance  of  empty  cars,  22  lbs.  t<>  24  ll>~.  per 

t<  >n. 
7     Maximum  grade  against  the  loads  for  400  ft.  on  cross  en- 
tries t"  the  west,  3' ,  .     Maximum  grade  in  favor  of  loads 
for  500  ft.  "ii  cr  ss  entries  to  the  east,  3%.      Maximum 
grade  in  favor  of  loads  on  main  entries  and  in  rooms,  r, 
or  level. 
8— Number  of  entries  to  be  served     8  1  four  to  the  easl  and 
four  t<>  the  west  1. 
Maximum    length    of    run    from    rooms    to    parting    about 
21  00  ft. 
to— Maximum  number  of  working  rooms  on  any  cross  entry, 

1  2  :  average,  [<  ■ 
11 — Maximum  number  of  cars  per  room  loaded  each  working 

•  lay.    6. 
[2 — Maximum  number  of  cars  loaded  (in  pair- 1  at  each  entry 

face  ]k.t  day,  1 2. 
I,}     Parting  is  served  by  main  locomotive,  -'4  times  per  day, 

with  from  30  to  35  cars  ikt  trip. 
14 — Average  distance  from  inside  room  t'>  fare  of  cross  entry, 

about  70  ft. 
15 — Maximum  length  of  working  rooms,  300  ft.;  average  length 

of  i-'  rooms,  about  [50  ft.  each. 
[6  —Gathering  locomotive  et  empties  inside  of  room  switch, 

and  haul  loads  from  tare  of  rooms. 
17 — Cars  to  be  placed  at  face  of  all  cross  entrii 
iS— All  p>'>m   -witches    face  out. 


;6o  THE  ELECTRIC  JOURNAL 

id     Clearance  between  rail  and  near  rib,  about  2  ft.  minimum. 

20 — A  passing  track  will  be  laid  in  each  cross  entry,  outside  of 

working  rooms,  or  about  1000  ft.  from  the  face. 
21 — Rooms  will  lie  equipped  with  good  double  latch  switches 

en  »ss-strapped  together. 
22— Double  link  and  pin  coupling  between  cars  which  have  single 

bumpers.      Distance  between  bumpers  when  cars  are  being 

hauled.  \]  •  inches. 
23 — Height  over  car  topping,  48  in.      Length  over  bumpers,  9  ft. 
24 — Trolley  will  be  located  on  cross  cut  side  of  entries;  from 

about  o  in.  to  6  in.  outside  of  rail,  and  4  ft.  to  5^2  ft.  above 

the  rail. 
25 — Minimum  clearance  between  rail  and  roof,  4  ft.  6  in. 
jo — (  >utput  wanted,  1300  tons  in  10  hours. 
27 — Voltage,  250  volts,  direct  current. 

With  16  fb.  iron  for  the  track  in  the  rooms  the  gathering  loco- 
motive should  not  weigh  over  six  tons,  and  if  the  maximum  trips 
required,  viz.,  twelve  cars,  are  hauled  from  the  rooms,  and  two 
cars  from  the  face  of  each  cross  entry,  i.  e.,  a  total  of  sixteen,  the 
drawbar  pull  on  a  three  percent  grade  will  amount  to  3494  lbs. 
and  the  tractive  effort  with  a  six  ton  locomotive  will  be  3974  lbs. 
To  develop  this  tractive  effort  will  call  for  about  33  percent  adhe- 
sion and  there  is  no  doubt  a  locomotive  of  this  weight  will  take  care 
of  the  load  as  required.  When  the  average  maximum  trip  of  14 
cars  is  considered,  the  tractive  effort  falls  to  3537  lbs.  on  the  three 
percent  grade,  which  requires  less  than  30  percent  adhesion. 
The  working  schedule  will  be  approximately  as  follows: — 
First  Roumi  Trip  Into  Second  Cross  Entry,  Bast;     . 

From  the  main  parting  to  the  passing  track  with  16  empties, 
a  distance  of  about  i  2CO  ft.  at  maximum,  the  running 
time,  approximately   2  minutes 

Gathering  4  loads  from  fares  of  second  and  first  east  entrieSj 

the  distance  from  pa>sin^  track  being  1  000  ft 4  minutes 

Gathering  12  load-  from  faces  of  12  rooms  and  placing  total 

of  16  loads  on  passing  track 20  minutes 

Setting  12  empties  inside  of  12  room  switches,  and  4  empties 

at  faces  of  entries  1.3  minutes 

Running  with  16  load>  to  main  parting 3  minutes 

Time  spent  at  main  parting 5  minutes 

Total  time  per  round  trip -17  minutes 

The  schedules  into  the  fourth  and  sixth  cross  entries  east,  and 
into  the  second,  fourth  and  sixth  cross  entries  west,  will  be  prac- 
tically as  above ;  but  when  the  run  is  made  into  the  eighth  east  and 
the  eighth  west,  an  extra  four  or  five  minutes  must  be  allowed  for 
placing  two  empties  at,  and  pulling  two  loads  from,  the  face  of 


ELECTRIC  MINE  LOCOMOTIVl  761 

1  or  No.  -•  north,  and  this  work  must  be  done  before  taking 
the  rest  <d  the  trip  into  either  cross  entry.  In  other  words  the 
gathering  locomotive  will  leave  the  parting  and  return  with  [8  cars, 
16  of  which  arc  gathered  from  one  of  the  cross  entries,  and  two 
from  the  face  <>t"  one  of  the  main  entries. 

The  schedules,  under  maximum  conditions,   from  th<  ral 

entries  will  be  as  f<  ill<  >\\  - : — 

/■'rem  the  Second,  Fourth  and  Sixth  Cross  Entries,  Hast  and 
1 1  'est ; 

Six  re iiinl  trip-  ;it  47  minutes  each,  or  282  minutes  per  entry. 
From  the  Eighth,  East  and  West,  mid  the  First  ami  Second 
North  Entries; 

Six  round  trip-  at   51   minutes  each,  "r  .v>  minutes  jn-r  entry. 
Total  time  under  maximum  conditions   for  the   second   and   fourth, 
•    and   west,   .-'>»   minutes    for   each   pair. 

Total  time  under  maximum  conditions  t"r  the  -ixth  and  eighth,  easl 
and  west,  588  minutes  for  each  pair. 

Maximum  number  of  cars  per  locomotive  per  day,  [98. 
Number  "i  gathering  locomotives  required,  4. 
Maximum  output  secured,   1  4.S  tons. 

The  schedule  outlined  assumes  the  length  of  run  into  each 
entry  as  2000  feel  at  a  maximum,  and  the  cars  to  be  hauled  each 
trip  as  from  [6  to  [8,  i.  e.,  the  maximum  number.  It  also  assumes 
that  on  starting  <>nt  in  the  morning  a  loaded  car  will  be  waiting 
in  each  room  and  that  the  first  trip  into  each  entry  will  be  complete; 
which  will  seldom,  it  ever,  be  the  case.  Under  actual  conditions, 
the  length  of  each  run,  while  it  may  reach  2000  feet  in  the  second 
I  and  second  west  entries,  wil  not  average  over  1200  feet  in  the 
other  entries,  and  it  the  first  trip  is  secured  during  the  first  hour 

of  the  day,  a  g 1  run  may  be  expected.      It  is  evident,  however, 

that  should  the  car-  be  supplied,  and  the  track-  kept  in  a  fair  con- 
dition, the  locomotives  outlined  will  gather  the  maximum  output 
called  for,  namely  1300  t<n-.  on  time. 


THE  DETERMINATION  OF  THE  POWER-FACTOR 
OF  A  THREE-PHASE  CIRCUIT 

BY  MEANS  OF  TWO  SINGLE-PHASE  WATTHOUR  METERS 
HARRY  N.  LUCAS 

THE  power-factor  of  a  balanced  three-phase  circuit  at  any 
time  can  be  determined  by  the  use  of  two  single-phase 
watthour  meters  from  the  ratio  of  the  revolutions  of  their 
respective  discs;  or  the  hourly  power-factor  from  the  ratio  of  the 
hourly  readings;  and  the  daily  average  power-factor  can  be  deter- 
mined from  the  ratio  of  the  daily  meter  readings.  If  a  polyphase 
watthour  meter  is  used  the  power-factor  can  be  determined  if  the 
load  is  approximately  constant,  from  the  ratio  of  the  number  of 
disc  revolutions  in  a  given  time  as  obtained  by  separtely  discon- 
necting each  set  of  potential  wires.  Fig.  i  represents  the  meter 
connections.      In   Fig.  2*  J  4B  represents  the  current  in  phase  with 


FIG.  I — METER  CONNECTIONS  FOR  MEASURING 
THREE-PHASE  POWER  WITH  TWO  SINGLE-PHASE 
WATTHOUR   METERS 

the  voltage  E  lB ;  I CB  the  current  in  phase  with  the  voltage  ECB 
and  I CA  the  current  in  phase  with  the  voltage  ECA;  all  at  unity 
power-factor. 

The  resultant  current  of  I AB  and  I CB  is  represented  by  the 
line  / Bli,  which,  at  unity  power-factor  of  the  load,  lags  30  degrees 
behind  the  voltage  liCB  or  EB,C  which  are  identical,  except  for 
line  drop  which  may  he  neglected.  The  power  registered  by  this 
meter  W2  (Fig.  1  1  is  then  equal  to  the  voltage  multiplied  by  that 
part  of  the  current   in  phase  with   the  voltage  or  HB,C  X  / BB,  X 


♦The  writer  lias  user]  the  same  symbols,  etc.,  as  contained  in  the  article 
Mr.  Chas.  If.  Porter,  in  the  Journal  for  September,  1907,  and  by  Mr.  M. 
H.  Rodda  in  the  Journal  for  July.  [90  ). 
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30  .     In  .1  similar  manner,  the  resultant  current  of  I,.,   and 
I  c .     i-    /  Ir    which   leads   the    voltage  EA,C  by  30  di  I  he 

power  registered  b)  meter  //',  (Fig.  1  1  i-.  therefore,  at  unity 
power-factor,  also  equal  to  the  voltage  multiplied  by  that  part  of 
the  current  in  phase  with  tin-  voltage,  or  I  .  I  ..  30  . 


I.  .-E.VW. 


J      RELATION    OF    '  OR!  ^ND 

VOLTAGES    WiUl    LOAD   CURRENT    IN 

rii  w    with  1  rs  I 
The  readings  of  the  two  meters,  with  balanced  currents  ami  volt- 
ages, are  tin-  -aim-,  giving  a  ratio  of   1. 

In  Fig.  3  the  vectors  have  been  drawn  i<>  -how  a  current  lag 
of  30  degrees.  In  this  case  it  will  be  noted  that  the  normal  lag 
of  current  in  meter  W    and  the  lag  of  the  load  have  been  added, 
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causing  the  current  1  r,r  to  lag  behind  voltage  EB>C  by  60  d< 
The  registration  in  this  case  is  Eg,v  X  I  BB<  X  cos  6o°.     I.ikew 
the  normal  leading  current  of  meter  IV ,  has  been  counter-balanced 

by  the  lagging  current  of  the  load,  causing  1  .A.    to  he  exactly  in 
phase  with  the  voltage  EA,C     so  that  the  power  re^i>tcrcd  is  equal 
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to  Ea'cX-Iaa'  which  is  the  maximum  obtainable.  With  an 
angle  of  lag  greater  than  30  degrees,  the  current  in  meter  W ' t  lags 
behind  the  voltage.  The  ratio  of  the  two  readings  with  the  rela- 
tions shown  in  Fig.  3  is  0.5. 

The  vector  diagram  of  Fig.  4  represents  the  case  of  a  load 
of  60  degrees  lag  or  a  power-factor  of  50  percent.  The  power 
registered  by  meter  //',  is  equal  to  EB,C,  X  I BB,  X  cos  yo°,  which 
is  zero,  or  no  registration.  With  a  further  increase  of  lag  the 
registration  of  the  meter  is  negative,  and  when  determining  the 
total  power  consumed  should  be  subtracted  from  the  registration 
of   the   positive   reading   meter.     The   registration   of   the   positive 
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FIG.    5 — DIAGRAM     SHOWING    POWER-FACTOR    WITH     ANY 
GIVEN  RATIOS  OF   METER  READINGS 

reading    meter    is    represented    by   E A,c,  X  I AA,  X  cos   300.     The 
ratio  of  the  meter  readings  is  zero. 

Vector  diagrams  can  be  drawn  with  any  desired  angle  of  lag 
or  lead  in  the  main  circuit  from  which  it  is  possible  to  determine 
the  ratio  of  the  ratings  of  the  two  meters  for  any  angle.  Inspec- 
tion of  the  vector  diagrams  shows  that  the  formula  for  the  power 
registered  by  the  low  reading  wattmeter  equals  E  X  I  X  cos 
(angle  of  lag  -}-  30  degrees;,  while  the  power  registered  by 
the  high  reading  wattmeter  equals  E  X  I  X  cos  (angle  of  lag  — 
30  degrees.  The  ratios  of  these  values  have  been  plotted  in  Fig.  5. 
For  power-factors  lower  than  50  percent  the  low  reading  meter 
rotates  backwards  and  the  ratio  of  readings  is  negative  as  shown 
in  Fig.  5. 


A  STUDY  OF  'IIIREE-PHASH  WATTMETER 
CONNECTIONS 

CHAS.  R.  RII 

|  lii  an  article  by  Mr    II.  \.  Lucas  in  the  present   issu<  dia- 

grams   are    presented    giving    the    relation    between    the    line    curi 
and    voltage    in    each    ol    iuc>    meters   n -t  >1    for    measuring    threp  phas< 
power,  ;it   different  power  factors.     It    is   believed   that   th(  mpany- 

ing  curves,  which  have  been  drawn  from  data  compiled  by  anal] 
■  ■I  similar  vector  diagrams,  will  be  "i  considerable  value  to  mi  ter  tesl 
and  students  in  understanding  the  relations  between  the  current  and 
voltage  in  such  meters  whether  correctly  or  incorrectly  connected.  Ow- 
ing  i"  the  simplicity  of  tin-  method  «>i  studying  three-phase  power 
measurements,  it  seems  improbable  thai  similar  curves  have  nol  been 
worked  out  l>y  others.  The  writer,  however,  does  nol  remember  having 
•i  tlii-iii  published  and  they  are  presented  in  the  hope  that  they  may 
l>r>  -\ «.-  useful  in  assisting  in  the  better  understanding  of  the  action  of 
three-phase  power  measurements.] 

A  three-phase  integrating  watthour  meter  is  electrically  the  same 
whether  the  two  elements  are  mounted  in  one  case  as  in  a 
polyphase  meter  or  whether  they  are  mounted  in  two  separ- 
ate cases  \\  hen  twi  i  single-phase  meters  are  used,  and  the  connections 
to  a  three-phase  line  are  exactly  the  same.  The  correct  method  for 
connecting  tu<>  single-phase  elements  to  measure  three-phase  power 
i-  shown  in  \-'\^.  i.  Clival  care  should  be  exercised  in  installing 
meters  of  this  type  to  insure  that  the  connections  are  made  ex- 
actly in  accordance  with  the  proper  diagrams.  This  is  especially 
important  in  the  case  of  meters  for  high  voltages  or  large  cur- 
rents where  either  potential  or  current  transformers  are  neces 
sary,  as,  b)  a  slight  error  in  connections,  excessive  errors  may  be 
introduced,  which  are  not  readily  apparent.  It  is  nol  safe  to  as- 
sume that  a  three-phase  meter  is  registering  the  correct  load  simply 
because  the  disc  is  rotating  in  the  positive  direction  or  because  the 
disc  rotates  in  the  positive  direction  when  either  one  of  the  shunt 
elements  is  "pen. 

TIk-  term  "wattmeter"  is  equally  applicable  in  the  present  dis- 
cussion to  indicating  wattmeter-  and  to  integrating  watthour  meti 
Two  single-phase  meter-  are  assumed,  but  the  methods  are  equally 
applicable  to  polyphase  meters  in  which  readings  on  the  individual 
element-  can  be  taken  consecutively  under  approximately  similar 
conditions.  All  the  diagrams  and  curve-  arc  based  on  an  assump- 
tion of  equal  current-  and  voltages  in  the  three  phases,  an  assump- 
tion entirely  warranted  if  three-phase  motors  only  are  included  in 
die  load.     The  term  "correct  reading"  means  correct  only  in  so  far 
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as  the  connection  is  concerned,  and  does  not  consider  errors  of 
calibration.  The  sum  of  the  readings  is  of  course  the  same  whether 
it  be  the  single  indication  of  a  polyphase  meter  or  the  algebraic 
sum  of  the  readings  o\  two  single-phase  meters. 

The  heavy  curves  in  Fig.  2  indicate  the  correct  readings  of 
wattmeters.  U\  and  \\'2,  together  with  the  sum  of  these  two  read- 
ings, in  terms  of  unit  current  and  voltage,  at  all  power-factors.  It 
will  be  noted  that  the  curve  for  the  total  power  reading  is  a  straight 
line,  indicating  that  with  unit  current  and  voltage  the  power  is  in 
direct  proportion  to  the  power-factor.  It  will  also  be  noted  that 
when  the  power-factor  becomes  less  than  50  percent  the  low 
reading  wattmeter  reverses  and  runs  backwards  for  all  power-fac- 
tors below  50  percent. 

A  study  of  the  curves  in  Fig.  2  will  indicate  that  certain  pre- 


FJC.    I— DIAGRAM   OF  CONNECTIONS   FOR  THREF.-PHASK   POWER   MEASUREMENT 

This  is  a  general  diagram.    It  can  be  simplified  by  leaving  off  either  pair 
of  transformers  where  they  are  not  necessary. 

cautions  are  necessary  in  connecting  a  polyphase  meter  as,  owing 
to  the  fact  that  one  element  should  normally  reverse  its  direction 
of  rotation  on  power-factors  of  less  than  50  percent,  it  is  not  safe 
to  depend  upon  the  direction  of  rotation  of  each  element  to  deter- 
mine whether  or  not  the  meter  is  connected  into  the  circuit  prop- 
erly, unless  the  power-factor  is  known.  By  connecting  the  meters, 
however,  in  a  number  of  different  ways  and  observing  their  actions, 
the  correct  connection  can  be  determined. 

There  are  a  number  of  ways  by  which  two  single-phase  watt- 
meters may  be  connected  into  a  three-phase  circuit,  only  one  of 
which  is  correct,    These  are: 
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tse  l—Corrcct  In  which  the  current  c  iils  arc  connected  into 
two  separate  phases  and  each  of  the  shunt  coils  is  connected  from 
the  phase  of  it-  current  coil  to  the  third  phase  as  indicated  in  Fig. 
1.  each  meter  being  so  connected  as  to  run  forward  at  unity  powi 
factor.  The  indications  of  each  elemeni  and  the  total  indication  for 
this  case  are  plotted  in  heavy  lines  in  Fig.  _>.  as  explained  above. 
The  curve  for  the  total  readings  is  a  straight  line  whose  ordinate 
is  constanth  equal  to  the  sum  of  the  ordinates  of  the  curves  for 
meters  U\  and  J/\,. 

Case  II  Incor- 
rect With  /'/',  prop- 
erly connected  and 
cither  the  shunt  coil 
Or  the  current  coil 
of  meter  //'.,  re- 
versed. It  is  e\  ident 
that  the  mum  of  the 
readings  of  meters 
//',-:-//',  with  one 
coil  re\  ersed  will  give 

W  i  del  y  erroneous 
registration,  being 
greater  than  the  cor- 
rect registration  for 
power-factors  below 
50  percent  and  less 
for  p<  iwer-factors 
above  50  percent. 

Cast'  1 1 1  -  Incor- 
rect With  either  the 
shunt  coil  or  the  cur- 
rent coil  of  meter  //', 
reversed,  and  W 
properly  connected.  The  sum  of  the  readings  of  meter  //',  with 
one  coil  reversed  plus  //'._.  properly  connected  will  likewise  give  er- 
roneous readings.  As  shown  in  Fig.  2  the  sum  of  Wx-\-W .  in 
this  case  1-  exactly  the  same  as  in  Case  II  but  is  negative. 

Case  IV — incorrect — With  H\  properly  connected  and  W.  con- 
nected to  phase  .!  instead  of  phase  C.  Inspection  of  the  vector  dia- 
gram      will  show  that  in  this  case  instead  of  the  current  in  meter 
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RF.CT  CONN' 


♦See  Fig.  2  of  the  article  by  Mr.  Lucas,  p.  763,  of  present  issue. 
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]\'.z  lagging  behind  its  voltage,  it  lias  a  load  of  30  degrees.  In  other 
words,  the  readings  of  meters  //  ,  and  //'..  will  be  the  same  at  all 
power- factors,  each  giving  the  reading  which  is  correct  for  Wx. 
As  shown  in  Fig.  2  the  sum  of  the  two  meter  readings  is  in  this 
excessive  at  all  power-factors  except  unity. 
se  V — Incorrect — With  li\  connected  to  B  instead  of  ('  and 
//'_,  properly  connected.  From  the  vector  diagram  it  may  be  seen 
that  instead  of  the  current  in  meter  //'  ,  leading  its  voltage  by  30 
degrees  it  has  a  lag  of  30  degrees.  In  other  words,  the  readings 
of  meters  U\  and  II'.,  will  he  the  same  at  all  power-factors  each 
giving  the  reading  which  is  correct  for  11...  As  shown  in  Fig.  2 
the  sum  of  the  two  meter  readings  is  in  this  case  much  too  low  at 
all   power-factors  except   unity. 

Case  VI — Incorrect — This  condition  is  shown  diagrammatically 
in  Fig.  3.  ami  i>  unusual  in  that,  although  the  connections  are  in- 


FIG.  3 — IMPROPER  CONNECTION  ILLUSTKATIXf;  CASK  VI 

correct,  the  total  reading,  using  a  suitable  multiplier,  is  correct  un- 
der all  conditions,  except  for  errors  introduced  by  magnetic  leak- 
age and  voltage  drop  in  the  transformers.  It  is  the  condition  aris- 
ing  with  a  star  to  delta  transformation,  with  the  current  coils  of 
the  meter  connected  on  the  primary  side  of  the  transformers  and 
the  potential  coil-  on  the  secondary  side.  It  is  evident  that  this 
will  disturb  the  vector  relation-  in  both  meters.  The  vector  dia- 
gram. Fig.  4.  shows,  however,  that  at  unity  power-factor  the  cur- 
rent and  voltage  in  each  meter  are  exactly  in  phase  and  that  for 
all  power- factor-  of  the  load  the  power- factor-  of  both  meters  will 
be  the  same  and  will  be  equal  to  the  j tower-factor  of  the  load,  each 
meter  measuring  the  power  in  one  phase.  As,  however,  the  cur- 
rent and  the  voltage  in  the  third  phase  are  equal  to  the  vector 
m  of  the  currents  and  voltages  in  the  other  two  phases   it  is  at 
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once  evident  that  the  total  reading  will  equal  two-thirds  of  the 
tal  power  in  the  circuit  under  all  conditions  of  load  and  power  fi 
tor,  except   for  the  slight  error  introduced  by  the  transform 
mentioned   above. 

Case    I'll     liii  The  shunt   coil    //',    connected   acn 

/■'('.  (/;/</  ///(•  shunt  coil  11'  connected  across  AC.  This  condition 
i>  one  which  Would  be  liable  to  arise  only  when  voltage  transform 
ers  arc  used  and  the  leads  arc  carried  in  a  cable  <  r  conduit.  Ii  i- 
peculiar  in  that  the  reading  is  in  proportion  to  the  sine  of  the  angle 
of  lag  instead  of  the  cosine.  The  readings  of  the  two  meterj  are 
equal  at  all  power-factors  and  the  reading  of  each  meter  is  equal 
to  the  sum  of  the  readings  of  the  two  meters  in  Case   II. 

It  is  evident  that  other  incorrect  connections  are  possible  but 
the  ones  noted  cover  typical  cases.  Further  errors  caused  by  a  re- 
versed shunl  or  series  coil  in  one 
meter  arc  usually  self-evident. 
For  instance,  in  i  lases  I  \  .  V,  \  I 
and  \  II  ii"  one  meter  is  c< tnnected 
backwards  the  total  reading  will 
be  zero  and  a  polyphase  meter 
will   nol   rim  at   all. 

For  all  the  connections  noted 
except  i  !ase  \  I  it  is  safe  t<  i  as- 
sume that  the  wattmeter  is  proper- 
ly connected  it*  both  meters  regis- 
ter in  the  forward  direction  for 
power-factors    above     50    percent 

FIG.    4      KM  VTION    OF    CURRENTS    AND     '  J 

voltages  \t  unity  power  factor  and  one  meter  reverses  for  power- 

WIT NNEcnoN     shown     in    ,-.,,.,, „.,   beJow    -, ,   ]lUVrIlt.     when 

3  .      '  . 

it    is   impossible   to   determine   the 

power-factor  by  external  conditions  or  when  the  leads  from  cur- 
rent and  voltage  transformers  are  brought  through  cable  or  con* 
duit  and  cannot  be  distinguished  the  following  tests  may  be  made: 

./ — By  testing  with  an  incandescent  lamp  or  voltmeter  obtain 
three  voltage  leads  having  equal  voltages  between  them,  which  cm 
be  called  ./.  B,  and  C,  and  connect  them  t<>  the  voltage  circuit-  of 
the   wattmeter-   as   per    Fig.   5. 

B — Connect   the  leads   from  the  current   transformer  "he 

current  coils  of  the  meter-  in  such  a  manner  as  to  cause  both  met 
to  register  in  the  forward  direction. 
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C — At  the  transformers,  before  the  leads  cuter  the  cable  or 
conduit,  short-circuit  the  secondary  of  one  current  transformer,* 
disconnect  its  leads  from  the  cable  and  disconneel  the  correspond- 
ing potential  transformer.  If  the  current  coil  and  the  potential 
coil,  which  have  been  disconnected,  are  in  the  same  meter,  tins 
meter  will  stop  but  the  other  will  register.  If  the  current  coil  of 
one  meter  and  the  potential  coil  of  the  other  meter  have  been  dis- 
connected, both  meters  will  stop.  This  is  the  condition  assumed 
in  Case  VII  and  either  the  potential  or  the  current  leads  of  the 
two  meters  should  be  interchanged,  and  the  connections  re-estab- 
lished at  the  primary. 

P — Change  voltage  connections  of  either  meter  from  the 
third  phase  to  that  phase  in  which  the  other  meter  is  con- 
nected. It  must  be  remembered  that  the  actual  connec- 
tions at  this  stage  may  or  may  not  correspond  with  the  diagram; 
the  connections  which  have  been  assumed  will,  however,  be  con- 
sidered correct  until  proven  otherwise.  At  [00  percent  power- 
factor  the  readings  on  this  meter  will  be  alike  with  both  connec- 
tions.    If    the  power-factor    is 

^j EE^f- between  50  and   100  the  read- 

1 I 1       ings   will  differ  but  will  be  in 

cumwcoa the    same    direction,    i.e.,   both 
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positive.      If  the  power-factor 
1  preliminary  con-      ■  j     t  percent    the 

NECTIONS  H  . 

meter  will  stop  with  one  con- 
nection while  if  it  be  less  than  50  percent  the  meter  will  reverse 
in  direction  with  one  of  the  connections.  By  this  test,  it  can  be 
determined  whether  the  power-factor  is  above  or  below  50  percent. 
E — If  the  power-factor  is  below  50  percent,  the  meters  should 
be  connected  so  that  the  one  which  registers  the  least  power  reg- 
isters backwards.  If  the  power-factor  is  above  50  percent  the 
meters  should  be  connected  so  that  both  meters  register  forward 
but  do  not  register  the  same  amount  of  power  unless  the  power- 
factor  is  exactly  100  percent.  In  case  the  tests  under  D  indi- 
cate exactly  100  percent  power-factor,  i.  e.,  if  both  meters  regis- 
ter the  same  with  both  connection-,  (a  very  improbable  condition), 
no  ready  means  of  determining  the  correct  connection  exists  and 
an  induction  motor  should  be  started  up  or  some  other  means  taken 
to  vary  the  power- factor. 

*  Precautions  should  be  observed  not  to  open  the  secondary  of  a 
current  transformer  while  it  is  carrying  load,  as  excessive  potentials  may 
thereby  be  generated. 
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These  tests  will  give  correct  results  whether  the  power-factor 
be  lagging  or  leading  in  all  the  discussed  except  Case  VI  which 

cannot  be  differentiated    from  Case   I   by  this  means.     Howe^ 
this  would  practically  always  be  discovered  by  inspection. 

The  t  of   incorrectly   connecting  a   three-phase   meter   in 

measuring  an  induction  ui"t<»r  load  is  indicated  in  Fig.  <>.  in  which 
the  kilowatl  readings  of  a  three-phase  meter  measuring  th<-  i>" 
input  i"  a  squirrel  cage  induction  motor  are  indicated  at  various 
percentages  of  full  load,  both  with  con     I  connections  and  with  the 


—100 

VJ 

— 

60 

70 

1 

«v-*o 

J, 

'               /    / 

/  / 

/  / 

^           // 

v 

/ 

^ 

■ 

3    v* 

1   * 

^ 

■ 

^ 

I 

ft    . 

—20 
10 

1 

Y¥ 

/A   !•* 

l> 

// 

T-- 

aj 

JB 

y^         / 

10 

, 



■■  ■  -5 

' 

Pmo-.i  Futl  Load  Out 

-•> 

2 

T 

■03        eJ 

)         80        100       lio      H 

0      li 

1     1     1     1     1     1     1 
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connections  given  in  several  of  the  above  cases.  The  power-factor 
and  apparent  kilowatts  input  have  also  been  plotted  for  compari 
son.  It  will  be  noted  that  the  connections  given  in  Case  IV  are 
the  only  ones  in  which  an  excessive  reading  is  obtained.  It  is  an 
odd  coincidence  that  the  relations  of  the  power-factor  cun 
ficiency  curve  and  the  curve  of  t<>tal  readings  in  Case  II  arc  such 
that  when  one  of  the  meter  elements  of  cither  meter  i-  con- 
nected backward  the  polyphase  meter  will  record  approximately 
the  same  load,  without  regard  to  the  It  ad  <>n  the  ni"t  .r,  the  load  reg- 
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istered  being  much  less  than  the  true  load  throughout  practically 
the  entire  scale. 

\  question  thai  frequently  arises  is: — Having  discovered  that 
a  polyphase  watthour  meter  or  two  single-phase  watthour  meters 
have  been  incorrectly  connected,  is  it  possible,  knowing  the  nature 
of  the  incorrect  connection,  to  determine  what  the  true  consump- 
tion of  current  has  been?  An  exact  solution  is  possible  only  in  a 
rather  improbable  case,  namely,  that  the  average  power-factor 
during  the  period  covered  by  the  incorrect  connection  can  lie  ac- 
curately determined  and  that  the  phases  arc  exactly  balanced. 
Nevertheless,  under  ordinary  industrial  conditions,  where  three- 
phase  motors  only  constitute  the  load,  an  average  power-factor 
for  the  period  may  be  approximately  determined  and  it  may  be  as- 
sumed that  the  phases  are  balanced.  By  inspection  of  Fig.  2  the 
ratio  between  the  correct  reading  and  the  incorrect  reading-  may  be 
determined  at  the  average  power-f actor,  which  will  form  the  basis 
for  a  very  fair  estimate  of  the  correct  load.  The  accuracy  of  this 
estimate  will  depend  entirely  upon  the  accuracy  with  which  the 
average  power-factor  over  the  given  period  may  he  determined. 
The  method  of  making  such  an  estimate  may  possibly  he  made 
more  clear  by  an  example.  Assume  that  a  three-phase  watthour 
meter  registers  810  kw-hrs.,  and  that  it  lias  been  discovered  that 
it  is  incorrectly  connected,  according  to  Case  II.  Assume  also  that 
watthour  meter  tests,  extending  over  a  period  of  several  days  sub- 
sequent to  the  discovery  and  correction  of  the  improper  connection 
sh<  »w  an  average  power-factor  of  80  percent.  From  Fig.  2  it 
may  he  seen  that  for  Case  II  the  correct  reading  at  80  percent 
power-factor  is  1.39-4-0.6  times  the  actual,  and  hence  equals  1875 
kilowatt-hours. 
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Till'.  [DEAL  condition  of  operation  for  ;i  commercial  electric 
generating  station  i^  that  of  supplying  a  uniform  load  <lnr 
ing  tlu-  whole  twent)  four  hours  "t"  ever)  daj  equal  to  the 
full  capacity  of  tin-  plant.  This  ideal  is  unattainable  under  practi- 
cal conditions  and  even  a  close  approach  to  it  is  possible  only  under 
very  special  conditions.  For  instance,  a  number  "t  the  hydro-elec- 
tric power  stations  at  Niagara  Palls  furnish  energy  principalis  t" 
electric   furnaces,  electrolytic  work-,  etc.,  and   hence  have  a   very 

TABLE  I  —CHARACTERISTICS  i  >F   \  T\  PIC  \l.  LIGHT]  ' 

S  I  VI  l<  IN 

Rated   capacity   of   station,   kilowatts 800 

<  Iverload  capacity  of  stations  (50  percent  for  one  hour)  kilowatts.     1 

...     ,  'i  apacity  of  first  unit  —  kilowatts       300 

turbo-generators — two  unit*  ,       -,      , -,        ,,         -nM 

ipacity  01  second  unit —  kilowatts       500 

Maximum  peak,  Summer  —  kilowatts 600 

M aximum  peak,  Winter  —  kilowatt- 800 

Boilers,  capacity  (one  spare)  horse-power 350 

I.  bituminous  run-of-mine,  13500  B.  t.  u. 

(hand   firing,   natural   draft)    dollar-   per   ton 2.25 

Condenser,  surface  type,  inches  vacuum 

Condensed   -tram   returned   to  boilers. 
Steam  consumption   (dry  saturated)   full   load.  lbs.  per  kw-hr....  20 

Strain  consumption   (dry  saturated)  average  load,  lbs.  per  kw-hr.         22 

Evaporation,  lbs.  of  water  per  lb.  of  coal 7 

.'    consumption,   average    lbs.   per   kw-hr $.13 

No  extra  allowance   for  banking  fin 

No  charge  for  cost  of  make  up  water. 

ition  complete,  .SI 2?  per  kw,  dollar- lo  ikhj 

Labor  and  supplies  per  year     Two  twelve  hour  shifts  with  extra 

fireman's  helpers  *  for  peak  load  ($600  per  year) 7  300 

Fixed  charges  per  year.  15  percent. 

(Interest    5    percent;    taxes    1.5    percent;     running     repairs 

1.5    percent;    depreciation    4.5    percent;    executive   2.5   per- 
nt:     Depreciation   is   lure   considered   as   an   amortization 

fund  based  on   15  year  life,  6.66  per  cent   depreciation  at   5 

percent  interest  compound  semi-annually.) 

uniform  load.     The  ordinary  central  station,  however,  has  consid- 
erable variation  in  power  requirements  during  the  day. 

The  load  conditions  of  a  generating  station  may  be  represented 
graphically  by  a  curve,  each  point  of  which  represents  the  actual 
load  at  a  given  time.  A  load  curve  of  a  central  station  which  sup- 
plies power  mainly   for  commercial   lighting  i-  characterized  by  a 

*  For  conditions  wn  in  curve-  Figs.  5  and  0  an  additional  fire- 

man's helper  is  required  in  the  boiler  room. 
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high  peak  during  the  early  evening,  tapering  down  to  a  very  low 
value  after  midnight  and  continuing  at  a  comparatively  low  value 
until  the  next  evening  peak.  Such  a  plant  is  said  to  have  a  low  load 
factor:  that  is.  the  ratio  of  the  average  to  the  maximum  load,  as 
shown  on  the  curve,  is  low.  The  revenue  of  such  a  station  can  be 
largely  increased,  with  the  existing  equipment,  if  a  market  can  be 
found  for  power  during  the  period  of  small  demand,  that  is  by 
tilling  in  the  vallev  of  the  curve. 

The  average  dailv  load  conditions  on  a  certain  800  kilowatt  steam 
turbine  station  in  the  first  week  of  December  are  shown  in  Fig.  1. 

The  characteristics  of 
this  station  are  indi- 
cated in  Table  I. 
The  average  output 
for  24  hours  was  335 
kilowatts,  and  the 
maximum  output  700 
kilowatts,  making  the 
load  factor  47.9  per- 
cent. The  lowest  part 
of  the  load  curve  oc- 
curs usually  from  1  t 
P.  M.  to  7  A.  M.  and 
motor  load  during 
this  time  is  thus  es- 
pecially desirable. 

Night  load  can  be 
obtained  by  installing 
motors  in  municipal 
and  private  pumping 
p  1  a  n  t  s,  newspaper 
printing  offices,  electro-chemical  works,  cold  storage  rooms,  and  by 
charging  storage  batteries,  etc.  From  7  A.M.  to  5P.M.  almost 
every  industry  where  power  is  required  offers  possibilities  for  mo- 
tor installations  that  will  raise  the  load  curve,  increase  the  load 
factor  and  reduce  the  average  cost  of  producing  a  kw-hr. 

In  order  to  interest  power  users  it  is  usually  necessary  to  show 
the  advantages  of  electric  drive.  While  there  are  many  advantages 
which  might  be  enumerated,  this  discussion  is  limited  to  that  of  cost. 
Low  power  rates  are  not  only  attractive  to  prospective  customers, 
but  in  many  cases  can  be  quoted  with  profit  by  the  power  com- 
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pany.  There  are  a  number  of  ways  of  distributing  the  costs  of 
power  generation  and  distribution  and  each  of  the  m  mmon 

methods  may  be  said  to  haw  its  advantages.  The  method  outlined 
in  the  following  discussion  while  nol  the  mosl  common,  is  one  thai 
is  receiving  considerable  attention  al  the  present  time,  and  can,  oi 
course,  be  used  in  the  laying  out  of  schedules  of  rates  made  up  on 
any  other  principle.  The  calculations  are  based  on  power  cost  at 
the  switchboard;  rati-  to  customers  must  be  based  on  these  co 

plus  the  cosl  "t  dis- 
tribution, in  fixing 
rates  to  lighting  cus 
tomers,  the  invest- 
ment in  transformers 
and  meters  and  the 
-;  of  reading  the 
latter  must  also  be 
considered.  This  con- 
sideration tends  to 
make  the  rate  for 
energy  delivered  on 
the  customers'  prem- 
ises for  small  light- 
ing installations  high- 
er than  the  rate  for 
motors  or  large  light- 
ing installations  al- 
though the  cost  at 
the  switchboard  may 
be  the  >aine  in  both 
cases. 

The  cost  of  man- 
ufacturing power  i- 
made  up  of  tw<>  parts : 
the  fixed  charges 
which  depend  on  the  investment,  and  the  operating  charges 
which  vary  with  the  amount  of  power  manufactured.  The 
fixed  charges  include  interest,  depreciation,  taxes  and  insurance.  The 
operating  charge-  include  labor,  fuel,  water,  oil  and  waste,  etc., 
which,  although  they  vary  somewhat  with  the  electrical  energy  gen- 
erated, are  by  no  mean-  proportional  to  it.  The  ratio  of  the  fixed 
to  the  operating  charges  depend-  upon  the  size  and  nature  of  the 
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installation  and  also  on  the  plant  load  factor.  As  a  general  rule, 
unless  the  load  factor  is  over  30  percent,  the  fixed  charges  will 
equal  or  exceed  the  operating  charges.  For  very  low  load  factors, 
such  as  exist  in  plants  having  a  lighting  load  only,  the  fixed  charges 
form  the  greater  part  of  the  total  cost  per  kilowatt-hour. 

In  the  plant  under  consideration,  the  period  during  which  the 
load  exceeds  the  average  load  lasts  about  eight  hours;  or  from  3 
P.  M.  to  11  P.  M.  (during  the  Summer  the  duration  of  this  peak 

is  still  shorter).  The 
station  capacity  must 
he  large  enough  to 
carry  the  peak,  and 
some  generators  must 
either  he  idle  or  run- 
ning at  reduced  load 
during  the  remainder 
of  the  twenty-four 
hours.  As  each  kilo- 
watt of  capacity  re- 
quires a  certain  in- 
vestment necessitating 
a  fixed  charge,  it 
follows  that  the  rev- 
enue per  unit  of  ca- 
pacity should  he  the 
same  whether  a  gen- 
erating unit  supplies 
power  for  one  hour 
or  twenty-four  hours. 
(  )n  this  basis  the  fix- 
ed charge  per  kilo- 
watt hour  of  the 
equipment  which  works  continuously  is  very  much  less  than  for 
that  which  works  only  on  the  peak.  Therefore,  the  fixed  charge 
is  divided  so  as  to  make  each  kilowatt  of  capacity  bear  its  share 
of  the  fixed  charge,  the  amount  per  kilowatt-hour  being  determined 
by  the  number  of  kilowatt-hours  generated  by  each  kilowatt  of 
capacity. 

The  kilowatt-hour  costs  of   fuel,  labor  and  fixed  charges  are 
shown  in  Fig.  1,  as  well  a>  the  total  cost.     The  fuel  cost  per  kilo- 
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watt-hour  <  which  may  be  assumed  \<>  include  water,  oil,  waste,  et< 
is  assumed  t<  ■  be  a  instant  regardless  of  l<  >ad,  a  condition  v  i  r>  nearly 
true  when  two  or  more  units  are  installed  and  each  unit  may  1><- 
operated  at  approximate^  a  uniform  load.    The  labor  cost  per  kilo- 
watt-hour decreases  with  increasing  load  and   is  therefore  at 
lowest  value  during  the  peak.     The  fixed  charges  are  divided 
explained   in   the   foregoing  paragraph,  the  larger  part  being  dis- 
tributed over  the  time  of  the  peak. 

While  Fig.  i  shows  what  may  be  called  the  instantani 
per  kilowatt-hour,  the  determination  of  such  curves  is  difficult, 

that  for  use  in  figuring  i  i 
it  is  preferable  to  adopt  a 
slightly  different  method  of 
distributing  the  fixed  char. 
The  peak  load  makes  ne< 
sary  the  greater  portion  of 
the  investment  and  the  fixed 
charges  per  day  on  that  por- 
tion of  the  plant  used  only 
for  the  peak  -In mid  therefore 
be  distributed  over  the  time 
during  which  the  peak  con- 
tinues. The  300  kilowatt 
unit  operates  -'4  hours  and 
the  500  kilowatt  unit  operates 
but  8 hours.  The  300  kilo- 
watt unit  causes  three-eighths 
1  if  the  b  >tal  fixed  charge  and 
the  500  unit  five-eighths.  Thus 
from  the  output  of  each  unit 
the  average  fixed  cost  per  kilowatt-hour  may  be  figured.  This 
makes  the  interest  charge  per  kilowatt-hour  constant  during  both 
the  period  of  light  and  of  heavy  load,  as  indicated  in  l-"i.L,r.  _'. 
and  therefore  provides  a  system  of  determining  the  costs  which  is 
more  readily  used  than  the  method  shown  in  Fig.  1.  All  of  the 
following  curves  will  be  based  upon  the  method  used  in  I;i.ur  -'• 
The  total  charges  vary  as  affected  by  the  fuel,  labor,  and  fi 
charges,  the  average  t<  >t al    charge  being   [.43  cent  kilowatt- 

hour  during  the  peak  and  1.025  cents  the  remainder  of  the  day. 
During  the  hour-  of  low  load,  idle  generating  capacity  is  available; 
with  fixed  charges  distributed  a>  shown  in  Figs.  1  or  2,  the  cost  of 
off-peak  load  depends  almost  wholly  on  operating  charges  and  is 
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therefore  low.  In  Fig.  3  the  load  curve  is  repeated  and  the  hourly 
cost  of  all  energy  as  well  as  that  of  the  component  parts,  labor,  fuel 
and  fixed  charge,  is  shown.  These  hourly  costs  are  obtained  by 
multiplying  the  cost  per  kilowatt-hour  by  the  average  load  at  various 
times. 

The  decreased  average  daily  cost  of  energy  per  kilowatt-hour 
with  increased  load  factor  is  shown  graphically  in  Fig.  4.  The 
general  shape  of  such  a  curve  is  the  same  for  all  plants,  although 
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FIG.    5 — LOAD    CURVK    AND    CURVES    OF    COSTS    PER 
KW-HR.    WITH    LARGE    DAY    LOAD 

Compare  with  Fig.  6. 

the  scale  values  may  differ.  This  curve  makes  clear  the  fact  that 
increasing  the  load  factor  by  securing  off-peak  load  decreases  the 
cost  of  all  energy  generated  during  the  24  hours.  This  fact  is 
made  still  more  clear  by  Figs.  5  and  6,  obtained  by  increasing  the 
load  factor  on  the  station  previously  considered.  The  load  curve 
shows  practically  the  same  maximum  peak  as  before,  but  shows 
also  the  addition  of  a  day  load.  The  former  station  capacity  is  still 
ample,  but  the  load  factor  has  been  raised  to  63  percent,  a  value 
easily  possible  for  many  stations. 


SI  UDY  OF  LOAD  FACTORS 


779 


Special  attention  is  called  to  the  fact  that  not  only  the  average 
total  cosl  per  kilowatt-hour  has  been  lowered  but  also  the  aver 
i-.  less  in  both  the  period  requiring  the  full  generating  equipment 
and  in  the  period  requiring  only  the  smaller  unit.  These  cui 
would  show  a  somewhat  decreased  total  cost  if  the  actual  hourly 
fuel  consumption  had  been  taken  instead  of  assuming  that  the  fuel 
cost  per  kilowatt-hour  is  constant  regardless  of  the  load. 
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HOUR    WITH    I   U'.i:    DAY    LOAD 

1     mpare  with  Fig.  5. 

If  it  wire  possible  to  maintain  nearly  full  load  upon  the  sta- 
tion at  all  hours,  that  is,  to  operate  with  a  load  factor  approach- 
ing one  hundred  percent,  the  total  cost  per  kilowatt-hour  would 
be  maintained  practically  constant  at  the  minimum  value  obtain- 
able in  this  plant.  When  the  lighting  load  is  charged  with  the 
fixed  and  operating  expense,  a  good  off-peak  load  can  be  made  to 
pay  substantial   dividends  at  a  very  moderate  selling  price. 


AUTOMATIC  MOTOR  STARTERS  AND  CONTROLL- 
ERS FOR   DIRECT-CURRENT  MOTORS 

DRIVEN  LOADS    HAVING  SMALL  INERTIA 
H.  L.  BEACH 

THE  centrifugal  pump  and  centrifugal  blower  or  fan  offer 
very  good  examples  of  thai  class  of  motor  application  where 
the  driven  load  has  small  inertia  and  small  starting  fric- 
tion. The  usual  way  of  coupling  this  class  of  apparatus  to  the 
motor  is  with  the  flange  coupling  as  shown  in  Fig.  I.  The  load 
is  sometimes  driven  by  a  belt  but  this  is  not  the  general  practice 
unless  one  has  a  slow  speed  motor  which  is  idle  and  it  is  desired 
to  use  it  rather  than  purchase  a  new  one.  When  motor  and  pump 
are  direct  connected  the  starting  friction  is  very  small,  heing  only 
such  as  is  occasioned  by  the  weight  of  the  moving  parts.  In  this 
class  of  apparatus  the  normal  running  speeds  are  usually  from  1  500 
to  2  000  r.  p.  m.  and  the  armature  of  the  motor  and  the  rotating 
parts  of  the  pump  are  therefore  comparatively  small.  Another  char- 
acteristic of  centrifugal  apparatus  is  that  the  pressure  generated  by 
the  pump  depends  entirely  on  the  speed  at  which  it  is  run,  other 
things  remaining  constant.  At  constant  speed,  therefore,  the  pump 
will  deliver  a  constant  pressure  and  the  volume  of  water  delivered 
will  depend  upon  the  pressure  against  which  the  machine  is  work- 
ing. If  this  latter  equals  the  pressure  which  the  pump  generates 
no  water  will  he  delivered  and  no  work  will  he  done,  so  that  the 
motor  will  have  nothing  to  overcome  except  the  general  friction  of 
the  apparatus.  This  can  easily  he  demonstrated  by  closing  a  valve 
across  the  opening  leading  from  the  pump,  when  it  will  be  found 
that  the  load  on  the  motor  will  decrease  to  a  very  small  percentage 
of  full  load.  If  on  the  other  hand,  the  pressure  against  which  the 
pump  is  working  be  decreased,  the  amount  of  water  pumped  will 
be  increased  and  the  work  done  will  increase  so  that  the  load  on 
the  motor  will  become  greater  and  may  easily  reach  a  dangerously 
large  amount. 

A  striking  illustration  of  this  fact  recently  came  to  the  writer's 
notice.  A  tank  was  heing  kept  full  by  a  centrifugal  pump  and 
the  water  for  the  tank  was  being  drawn  normally  from  a  well. 
Arrangements  were  made,  however,  whereby  the  city  water  supply 
could  h<-  connected  and  the  water  drawn  from  it.  The  city  supply 
had  a  pressure  corresponding  to  about  50  feet  head  of  water  and 
it  was  noticed  that  the  actual  load  on  the  motor  was  considerably 
greater  when  drawing  water  from  the  city  supply  with  its  pressure 
tending  to  assist  the  pump  than  when  taking  water   from  the  well 
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hkI  doing  all  the  work  itself.  It  was  noticed,  however,  that  the 
time  taken  t"  till  the  tank  was  much  shorter  in  the  former  than  in 
the  latter  case;  this  at  firsl  looked  unreasonable  but  will  be  readily 
understood  it  it  be  assumed  that  the  pressure  worked  against  is 
equal  to  a  [50  foot  la-ad  and  thai  the  pump  generated  a  pressure 
equal  to  a  200  foot  head.  Since  the  pump  ran  at  approximately  the 
same  speed  in  each  case  its  pressure  was  constant.  When  pumping 
alone  there  was  a  net  pressure  corresponding  to  a  50  i  ol  head 
for  pushing  the  water  through  the  pipe,  while  when  working  from 
the  city  mains  there  was  (200  •  50)  150=100  fool  head  nel  pr< 
sure,  which  of  course  sent  more  water  through  the  pipes  and  gave 
the  motor  a  proportionately  greater  amount  of  work   to  do. 


ITU]  1  GAL   PUMP  DIRECT  CONNECTED  TO  DIRE<  T-(  URRENT    MOTOR 
iiY    FLANGE    (in  PLING 

This  class  of  machine  has,  therefore,  two  peculiar  character- 
istics, [f  the  source  of  supply  or  the  delivery  pipe  becomes  closed 
the  pump  will  do  no  work  and  the  motor  load  will  decrease  to  a 
very  small  amount.  1 1*  the  opposing  pressure  be  removed  the  amount 
delivered  and,  therefore,  the  load  on  the  motor  will  increase  until 
the  friction  of  the  water  through  the  discharge  opening  in  the 
pump  consumes  the  entire  pressure  generated  by  the  pump.  With 
high  pressure  pumps,  of  course,  this  will  be  several  times  full  load 
mi  the  motor.  Blowers  present  exactly  the  same  characteristics 
and  it  will  be  found  that  if  the  casing  around  a  blower  be  entirely 
removed  the  load  on  the  motor  driving  it  will  increase  to  such  an 
amount  as  to  either  hum  up  the  motor  or  Mow  the  fus 

1  onsidering  therefore  a  pump  or  blower,  what  kind  of  a  motor 
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is  best  fitted  for  this  class  of  service?  Obviously  a  series  motor 
whose  speed  increases  as  the  load  decreases  would  not  be  a  very 
safe  motor  to  use  it  there  were  any  chance  whatever  of  the  sup- 
ply or  delivery  openings  being  closed,  for  then  the  motor  would 
run  away.  On  the  other  hand,  if  the  discharge  pipe  were  to  be- 
come broken  so  as  to  relieve  the  hack  pressure,  the  motor  might 
-low  down  sufficientl}  to  reduce  the  pressure  of  the  pump  until 
a  balance  of  speed  and  pressure  would  be  reached  just  below  the 
setting  oi  the  fuses  or  circuit  breaker  which,  being  set  for  the 
usual  overload  starting"  peaks,  would  allow  the  motor  to  draw  cur- 
rent enough  to  damage  it  in  a  short  time  without  opening 
these  safety  devices.  The  other  extreme  of  the  series  motor  is 
the  shunt  motor  and  for  many  applications  it  is  the  proper 
motor  to  use.  In  the  case  of  stoppage  of  discharge  or  supply  con- 
ditions the  speed  remains  practically  the  same  irrespective  of  the 
decrease  in  load.  In  case  of  a  break  in  the  discharge  pipe  the  speed 
does  not  decrease  as  with  a  series  motor  and  the  load  on  the  motor 
will,  therefore,  be  much  greater  and  will  open  the  protective  devices. 
There  are,  however,  some  applications  where  the  shunt  motor 
is  not  ideal  for  this  work.  Where  the  motor  is  connected  to  a 
feeder  circuit  having  large  fluctuating  load,  as  at  the  end  of  a  long 
trolley  line  feeder,  the  compound  wound  motor  will  hold  the  load 
much  more  constant  than  the  shunt,  as  the  fluctuating  volt- 
age on  the  motor  causes  fluctuation  of  armature  current  which, 
in  flowing  through  the  series  field  winding,  changes  the  field 
strength  of  the  motor  and  tends  to  make  it  maintain  constant 
speed.  Again,  consider  a  private  power  plant  operating  to 
run  the  machinery  and  light  a  big  office  building;  the  larger 
part  of  the  load  on  the  plant  will  be  for  lighting  and, 
therefore,  it  will  be  very  desirable  to  keep  the  voltage  absolutely 
constant  to  prevent  flickering  of  the  lights.  In  addition  to  the 
lights  the  power  plant  may  supply  water  power  pressure  for  oper- 
ating one  or  more  hydraulic  elevators,  and  the  load  on  the  eleva- 
tors being  variable,  the  pressure  can  be  kept  up  very  efficiently 
by  a  centrifugal  pump  operated  by  a  motor.  The  pump  must 
necessarily  be  built  to  care  for  the  maximum  demand  on  the  ele- 
vator and  since  this  is  not  constant  it  will  be  obvious  that  the 
pump  will  not  be  required  all  of  the  time ;  in  fact,  the  demand  on 
the  pump  will  be  extremely  intermittent.  The  automatic  starter 
now  comes  into  use  and  is  arranged  to  be  operated  by  a  pressure 
gauge  so  as  to  keep  the  water  pressure  for  the  elevator  between 
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fairly  close  limits.     This  means  thai  when  the  pressure  gets  to  * 

certain  maximum  amount  the  pump  will  be  Stopped  and  will  re- 
main so  until  the  pressure  d<  to  a  certain  definite  value,  at 
which  time  the  pressure  gauge  will  operate  the  starter  and  start 
the  pump  again.  If  the  lights  flicker  every  time  this  pump  starts, 
complaints  will  undoubtedl)  arise.  The  actual  load  on  the  motor  may 
not  be  sufficient  to  disturb  the  system  but  if  the  acceleration  current 
rises  to  about  double  full  load  on  each  notch  the  disturbance  may 

be  quite  noticeable.  There  are  two  ways  by 
which  this  currenl  peak  may  be  reduced. 
With  a  shunt  motor,  a  large  number  ol 
steps  can  be  put  in  the  starting  mechanism 
nr  a  different  type  of  motor  ran  be  used. 
The  larger  number  of  steps  increases  the 
complication  and  cosl  of  the  -tarter  and 
it  will  be  found  that  the  additional  cost  will 
usually  he  considerabl)  more  than  the  ad- 
ditional cost  of  a  different  type  <>f  mot 

This  discussion  illustrate-  a  casewhere 
the  operating  conditions  have  modified 
what  would  otherwise  be  a  good  applica- 
tion for  a  shunt  motor.  Where  a  hand 
starter  is  used  or  where  a  motor  i-  to  run 
for  long  intervals  of  time  such  a-  for  a 
day,  the  -hunt  motor  is  the  proper  motor 
for  the  work.  Where  frequenl  starting 
i-  required  it  is  not  the  proper  motor  and 
mile--  very  constanl  speed  is  required  a 
compound  wound  motor  will  give  far 
greater  satisfaction  in  every  respect.  A 
recent  design  of  full  automatic  self 
starter  such  a-  would  be  used  with  the  elevator  pump  above  de 
scribed  is  shown  in  Fig  2.  This  cla--  of  service  may  he  very 
ere  mi  tlie  control  mechanism  a-  the  demand  i-  likely  to  he 
very  intermittent.  The  writer  knows  of  one  installation  of  this 
kind    where   the   pump    -tart-   on    an   average   of   every   minute   and 


FIG.      2 — FULL       AUTOMATIC 
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*  By  reference  t"  1  rig  .^  in  the  article  by  the  writer  in  the  Journal 
fur  August,  1912,  i>  7J4.  it  will  be  seen  that  the  current  peaks  with  a 
shunt  motor  reach  165  percent  of  full  load  and  that  with  a  compound 
motor  the  peak-  reach  only  about   14:  >t    of  full  load,  while  with 

a  -cries  motor  the  current  peak  i-  only   130   percent    of  full  load. 
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runs  30  seconds.  As  an  illustration  of  the  small  amount  of  power 
required  by  a  centrifugal  pump  when  not  generating  pressure 
enough  to  overcome  the  load,  this  particular  pump  would  some- 
times run  as  long  as  20  seconds  after  the  power  was  shut  off.  A 
check  valve  in  the  discharge  line  prevented  the  water  discharging 
back  through  the  pump.  A  connection  diagram  for  a  starter  for 
a  motor  driven  pump  is  shown  in  Fig.  3. 

In   plaee   of  repeatedly   starting  and   stopping  the   motor   in   a 
case  ^i  this  kind,  one  way  to  decrease  the  work  on  the  control 
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FIG.  3 — SCHEMATIC  DIAGRAM  OF  CONTROL  PANEL 
It  wil  be  noted  that  Swith  //  is  closed  by  the  voltage  relay,  which  is 
energized  by  contact  at  the  low  pressure  pin,  and  released  by  contact  at  the 
high  pressure  pin.  Switches  /.  ///.  IV  and  //  are  then  closed  in  succession, 
each  energized  by  the  secondary  contacts  of  the  preceding  switch,  and  de- 
layed by  the  action   of  the  current  relay. 

mechanism  and  at  the  same  time  give  the  same  results  is  to  take 
advantage  of  the  speed-pressure  characteristics  of  the  centrifugal 
pump  and  provide  an  adjustable  speed  motor  for  driving  it.  The  low 
speed  of  the  motor  is  arranged  so  that  the  pump  will  not  deliver 
water  against  the  load,  and  the  starter  is  arranged  so  that  the 
pressure  gauge  cuts  in  resistance  in  series  with  the  shunt  field  at 
low  pressure,  thus  speeding  up  the  motor,   and  cuts   out   the  re- 
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sistance  at  high  pressure  thus  slowing  down  the  motor.  This 
scheme  not  only  cuts  down  the  work  on  the  c  mtrol  mechanism  but 
since  the  motor  is  alread)  up  to  nearl)  full  speed  when  the  pump 
begins  t"  deliver  water  the  line  disturbances  become  very  small  on 
cutting  in  <>r  "in  the  field  resistance. 

\  question  thai  is  verj  frequently  asked  in  connection  with 
starting  this  class  of  apparatus  is:  "Why  not  let  the  motor  start 
with  light  current,  and  increase  it  as  the  load  comes  on;  in  other 

words,  instead  of  each  peak  dur- 
ing the  start  having  tin  ame  max- 
imum, why  not  start  it  as  shown 
in  Fig.  4?"  In  the  first  place, 
when  starting  as  shown  in  kii,r-4. 
a  motor  takes  greater  increments 
of  starting  current  on  each  notch, 
— n  \        \  thus  giving  greater  fluctuations  in 

starting  torque  and  correspond- 
ingly greater  strains  on  the  pump 
mechanism.  Second,  the  la-t  peak 
will  reach  at  leasl  as  high  a  value 
as  when  accelerating  with  peaks  of 
uniform  maximum  values,  and 
third,  the  motor  will  run  on  re- 
sistance for  a  longer  period  of  time  and  will  therefore  start  less 
efficiently,  since  the  power  loss  in  the  resistance  will  be  greater. 
This  latter  is  of  little  importance  when  starting  twice  a  day  bul 
should  be  considered  when  starting  every  minute  or  so,  as  in  the 
case  illustrated.  I  he  actual  power  used  by  the  motor  will  he  prac- 
tically the  same  in  the  two  cases  for  the  same  amount  of  work  will 
have  to  be  done.  A  high  rate  of  acceleration  is  therefore  very  de- 
sirable and  acceleration  such  as  thai  illustrated  in  Fig.  |  is  not 
ordinarily  desirable. 


FIG.  -1  MOTOR  '  1  RREN  r  C  URV  E 
SHOWING  SUCCESSIVELY  INCREAS- 
ING    STAR!  i\'.    (  I'KKI  NT     STEPS 
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REPULSION     MOTOR 

Till',  previous  article  explains  how  the  transformer  effect 
possible  in  alternating-current  motors  can  he  used  to  in- 
duce the  required  current  to  flow  in  the  compensating 
winding.  The  same  principle  can  he  used  in  a  reverse  man- 
ner by  sending  the  line  current  through  the  compensating 
winding  and  by  short-circuiting  the  armature,  in  which  case 
the  transformer  action  hetween  the  compensating  winding 
and  the  armature  is  depended  upon  to  set  up  the  desired 
currents  in  the  armature.  This  can  be  easily  seen  by  ref- 
erence to  Figs.  3a  and  b.  Fig.  3a  shows  again  the  plain  series 
motor  ami  indicates  the  current  directions  in  the  series  circuit.  A 
motor  is  shown  in  Fig.  3b  in  which  the  line  current  flows  through 
the    main    field    and    compensating    winding    only.     As    previously 

pointed  out,  in  such  a 
case  a  cross  flux  is  ob- 
tained which  interlinks 
with  the  compensating 
winding  and  the  arma- 
ture, and  this  flux  will  set 
up  a  current  in  the  arma- 
ture which  is  opposite  in 
direction  to  the  current 
in  t  h  e  compensating 
winding,  if  the  magnet- 
izing current  necessary  to  set  up  the  cross  flux  again  he  disregard- 
ed. Then  the  current  directions  in  the  armature  will  be  as  indi- 
cated in  Fig.  3b,  and  by  comparing  this  figure  with  Fig.  3a,  it  will 
he  observed  that  the  current  relations  in  the  field  as  well  as  in  the 
armature  are  exactly  alike  with  these  two  connections;  therefore, 
there  is   no  1   why  the  two  motors   should   not   operate   the 

me.     The   only    difference   hetween    the   two   motors    is   that    tl 
armature  current  is  conducted  into  the  armature  in    Fig.  3a  while 
it  i>  induced  by  transformation  in  Fig.  3b.     The  motor  of  Fig.  3b 
which  is  commonly  called  the  "repulsion  motor"  is,  therefore,  no- 


FIG.  3  (a)  AND  (b) — CONNECTION  DIAGRAMS 
SHOWING  RELATIONS  I5KTWF.F.N  PLAIN  SERIES 
MOTOR    AND    REPULSION     MOTOR 
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thing  else  than  a  series  1 1 1  < » t « •  i-  in  which  the  current  and  the  enei 
is  transferred  into  the  armature  by  transformer  action  instead  "i 
1>\  conduction,  i  i i i -  motor  might  well  be  termed  an  "indirectly 
fed  series  motor."  In  this  motor  the  compensating  winding  is  n-> 
longer  a  winding  for  the  purpose  of  compensating  the  armature 
cross  field,  but  it  serves  principally  as  the  primary  winding  of  the 
transformer.  Ii  will  therefore  be  referred  t"  in  the  following  as 
the  cross  field  stator  winding  or  brief!)  as  the  cross  field  winding. 
It  ma)  also  be  termed  a  "transformer  field,"  for  ii  serves  prin 
cipall)  as  such.  The  main  field  may  also  be  called  the  "torque 
field,"  as  it  \s  the  field  which  produces  the  torque.     The  working 
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principle  and  the  transformer  effecl  in  the  repulsion  motor  may  be 
explained  somewhat  more  in  detail  by  the  diagram  of  Fig.  4.     In 
order  to  simplify  the  introductory  step  of  the  discussion  as  much 
as  possible,  the  effecl  of  the  ohmic  drops  and  leakage  reactan 
lias  been  neglected  in  this  figure. 

The  diagram  of  Fig.  4  is  based  on  the  following  considera- 
tions: The  cross  field  necessary  to  transfer  energy  from  the  cri 
field  winding  to  the  armature  is  sel  up  by  a  magnetizing  current 
Im,  which  is  the  resultant  of  the  current  If  and  la.  If  is  the 
current  in  the  cross  held  winding,  and  /.;  i-  the  current  in  the  arm- 
ature.    The  size  and  direction  of  the  cross  field  /    .  and  the  result- 
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ant  magnetizing  current  Itn,  which  magnetizes  the  cross  field,  is  de- 
termined by  the  condition  that  the  cross  field  must  induce  a  voltage 

in  the  armature  which  is  equal  and  opposite  to  the  connter-electro- 
motive  forces  set  up  in  the  armature.  Since  in  the  present  dis- 
cussion  the  ohmic  drop  and  the  leakage  reactance  voltage  are  neg- 
lected, the  only  consideration  is  the  connter-e.m.f.  in  the  armature 
which  is  set  up  by  rotation.  This  connter-e.m.f.  is  in  phase  with 
the  main  field  of  the  motor,  which,  in  turn,  is  in  phase  with  the 
current  //  flowing  in  the  cross  field  and  also  in  the  main  field  wind- 
ing. It  follows  therefore  that  the  resultant  magnetizing  current  Im 
must  be  at  right  angles  to  the  current  If.  It  is  evident  that  the 
cross  field  not  only  induces  an  e.m.f.  Ea  in  the  armature,  but  that 
it  induces  under  the  assumption  of  an  equal  number  of  turns,  the 
same  e.m.f.  in  the  compensating  or  cross  field  winding.  If  to  this 
counter-e.m.f.  /:'</  of  the  cross  field  he  added  the  inductive  voltage, 
/:/,  which  is  induced  in  the  main  field  winding  and  lags  90  degrees 
behind  the  held  current  //,  the  total  connter-e.m.f.  —■' E  of  the 
motor  is  obtained,  and  the  voltage  E  opposite  in  phase  and  equal 
to  this  voltage,  represents  the  voltage  which  must  be  impressed 
upon  the  motor. 

The  angle  *  between  E  and  //,  determines  the  power-factor 
of  the  motor.  One  of  the  principal  differences  of  this  motor  in 
its  operation  as  compared  with  the  series  motor,  lies  in  the  fact 
that  the  armature  current  is  out  of  phase  with  the  main  field,  and 
the  counter-e.m.f.  As  long  as  the  field  and  the  armature  current 
are  in  phase  with  each  other,  the  alternating-current  motor  has  a 
torque  proportional  to  the  product  of  the  effective  value  of  the 
field  multiplied  by  the  effective  value  of  the  armature  current,  just 
as  in  a  direct-current  motor.  As  soon  as  the  two  values  are  out 
of  phase,  however,  the  torque  of  the  motor  is  proportional  to  the 
product  of  effective  field  value,  times  effective  armature  current, 
times  the  cosine  of  the  angle  a  of  phase  displacement  between 
the  two  components.  Since  the  cosine  of  this  angle  is  always  less 
than  unity,  the  phase  displacement  means  a  reduction  of  torque, 
under  the  assumption  of  equal  field  and  equal  current.  This,  in 
turn,  means  that  the  output  of  a  repulsion  motor  is  somewhat 
smaller  than  the  output  of  a  series  motor  of  the  same  size. 

While  it  was  pointed  out  that  the  phase  displacement  between 
the  cross  winding  current  and  the  armature  current  is  very  small 
in  a  motor  with  short-circuited  compensating  winding,  on  account 
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of  the  fad  that  the  cross  field  is  ver)   small,  attention  should  hi 
be  called  to  the  fad  that  in  the  present  case,  which  in  a  way  is 
the  reverse  i  f  the  one  above  mentioned,  the  cross  field  is  compat 
tivel)   strong  because  ii  musl  n.>t  only  induce  voltages  to  overcome 
the  ohmic  resistance  and  the  leakage  reactances  in   the  armature, 
but  also  the  rotational  counter-e.m.f.  therein,  which  forms  an  ap- 
preciable percentage  of  the  total  motor  voltage.     Since  the  cr< 
field  musl   be  comparatively   strong,    it    requires    a  comparatively 
large  magnetizing  current,  Im,  to  se1  up  this  field.     This  in  turn 
means  that   the  angle     x     is  nol  by  an)   means  negligible  as  ■■ 
t'.  und  to  be  the  case  in  the  series  motor  with  short-circuited  com 
pensating  winding.     The  strong  cross  field,  has,  however,  one  ad- 
vantage, in  that  it  has  a  favorable  influence  upon  the  commutation. 

The  effect  of  the  cross  field  upon  the  coils  under  commuta- 
tion is  very  similar  to  the  effect  of  the  cross  field  of  a  shunt  con- 
nected commutating  pole  in  the  case  of  the  series  motor.  The 
voltage  induced  by  the  cross  field,  due  t<»  the  rotation  of  the  arm- 
ature in  this  field,  is  of  course  in  phase  with  the  field,  and,  as 
will  be  seen  from  the  diagram,  it  is  in  direct  opposition  to  the 
voltage  Ep,  which  is  induced  by  the  fluctuations  of  the  main  held, 
and  which  lags  90  degrees  behind  the  field  current  If.  It  can  be 
shown  that  under  certain  assumptions  and  with  sinusoidal  dis- 
tribution of  the  main  field  as  well  as  the  cross  field,  and  other  as- 
sumptions made  for  the  derivation  of  the  diagram,  that  the  two 
voltages  Ep  and  I'.i  are  exactly  equal  and  opposite  when  the  motor 
is  running  at  synchronous  speed.  Even  if  not  all  of  the  above 
assumptions  are  fulfilled,  the  same  results  are  obtained  somewhere 
near  synchronous  speed.  This  means  that  when  a  repulsion  motor 
is  running  near  synchronous  -peed,  the  short-circuited  voltage  is 
practically  compensated  for,  and  that  the  sparking  voltage  is, 
roughly,  the  same  as  the  reactance  voltage  of  the  .  rmature.  Since 
the  latter  i->  often  very  -mall,  a  repulsion  motor  will  operate  sat- 
isfactorily with  regard  to  commutation  near  synchronous  speeds, 
without  special  commutating  pole  windings  or  the  like. 

Instead  of  winding  the  stator  of  a  repulsion  motor,  with  a 
concentrated  main  held  winding,  and  distributed  cross  field  wind- 
ing, it  is  possible  also  t<>  distribute  the  held  winding  over  a  number 
of  slots  in  the  stator.  This  i-  diagramatically  indicated  in  Fig.  ;. 
in  which  the  main  field  winding  occupies  four  slots  of  the  stator, 
while  the  cross   field  winding  occupies   -\>  slots  of  the   stator,  as 


79° 


THE  ELECTRIC  JOURNAL 


indicated.  An  inspection  ^i  this  figure  shows  that  the  current 
in  all  of  the  stator  slots  below  the  line  A')',  which  is  shifted 
an  angle  o*  ai^a inst  the  center  line  of  the  brushes,  is  of  one  direc- 
tion, while  the  current  on  the  other  side  of  the  line  XY  is  in  the 
opposite  direction.  This  means  that  it  is  possible  to  use.  instead 
<>\  two  separate  windings  for  the  main  field  and  cross  field  wind- 
ings, one  single  winding  as  shown  in  Fig.  (>.  the  center  line  of 
which  is  inclined  by  the  angle  ft  from  the  center  line  of  the 
brushes.  \  comparison  of  Figs.  6  and  5  with  regard  to  the  signs 
indicating   the   current    directions    in    the   two    figures,    shows    that 


FIG.    5 — WINDING    DIAGRAM    OF    REPULSION     MOTOR    WITH     SEPARATE 
MAIN    FIELD   AND   CROSS    FIELD    WINDINGS 

Both  windings  are  of  the  distributed  type 

these  latter  are  exactly  alike,  and  it  is  therefore  evident  that  the 
motor  of  Fig.  6  will  operate  in  exactly  the  same  manner  as  the 
motor  of  Fig.  5.  All  that  is  necessary  in  considering  the  perform- 
ance of  the  motor  in  Fig.  6,  is  to  consider  all  wires  on  both 
sides  of  the  center  line  of  the  brushes  and  as  far  as  in- 
cluded by  an  angle  ft  at  each  side  of  the  center  line,  as  the 
main  field  turns :  all  other  wires  are  to  be  considered 
Held  turns.  Instead  of  making  a  concentric  wind- 
ing as  shown  in  Fig.  6,  it  is  also  possible  to  use  a  progressive 
winding  with  form-wound  coils  of  uniform  design  as  shown  in 
Fig.  7.     The  arrangement-  of   Figs.  6  and  7  are  the  ones  usually 
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used    in    preference    t<>  the  ones  shown  in 
winding  of  1-  in  practice  much  simpler  than  two  sepai 

windings.     The  diagramatic   sketcl  ind  9  show   the 

customary  way  <>t"  representing  the  repulsion  motor  connection  <iu 
:n,  corresponding  to  Figs   6  and  7.     Fig.  to  indicates  the  usual 


Pl<  -WINDl  IOTOR   Wl  1  II 

MAI  1  11  I  l>  win  1 

Fig.  6  shi  oncentric  coil   winding,  while   Fig    7  illu 

trates  use  of  diarrn  ad  tj  p 

way  of  representing  the  motor  shown  in  l-'i^r.  5,  except  that  usually 
the  connection  .//>  is  omitted,  since  it  '1<k-^  not  carry  any  current 
;m<l  is  theref<  »re  not  needed. 

As  lias  been  shown  in  the  a!>"\.-.  in  the  repulsion  motor,  the 
phase   displacement   between   the  armature  current   and   the  main 
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field  is  unfavorable  as  it  reduces  the  rating.  This  can  be  avoided 
by  connecting  the  motor  .t^  shown  in  Fig.  11.  line  the  main  field 
winding  is  connected  in  series  with  the  armature  while  the  cross 
field  winding  is  supplied  with  the  line  current.     En  this  case  the  field 

and  the  armature  current  will  again  he  in  phase  as  with  the  series 
motor.  On  the  ether  hand,  it  is  necessar\  to  set  up  a  cross  field 
sufficiently  strong  to  induce  in  the  armature  nut  only  a  voltage 
equal  and  opposite  to  the  o  nnter-e.m.f.  of  the  armature,  hut  in 
addition  to  that  a  voltage  to  overcome  the  inductive  voltage  of  the 
held.  Moreover  it  is  no  longer  possible  to  combine  in  this  motor 
the  cross  field  winding  and  the  main  held  winding  into  one.  Also, 
other  advantages  of  the  straight  repulsion  motor  must  he  sacrificed 
in  order  to  gain  the  advantage  of  having  the  field  and  the  arma- 
ture current  in  phase.  Therefore  the  arrangement  of  Fig.  n  is 
not  used  very  much  in  practice. 

DOUBLE-FED   SERIES    MOTOR    FOR   OVER    SVXCIIRONOUS   SPEEDS 

It    was    mentioned    that    in    a  repulsion    motor    the    pulsating 

short-circuited  voltage  is 
properly  compensated  for 
near  synchronous  speeds. 
At  higher  speeds,  the  volt- 
age induced  by  rotation  on 
account  of  the  cross  field 
will  increase,  while  the 
short-circuited  voltage  re- 
mains unchanged,  under 
the  assumption  that  the 
load  remains  unchanged;  if  the  lo  id  changes,  the  short-circuit  volt- 
age changes.  There  i>.  therefore,  a  resultant  sparking  voltage  which 
will  continuously  increase  with  the  speed  of  the  motor  above  syn- 
chronism, and  consequently  repulsion  motors  usually  spark  very 
riously  for  speeds  of  125  percenl  of  synchronous  speed  and  above. 
It  is  evident,  however,  that  this  could  be  avoided  if  it  were  pos- 
sible to  weaken  the  cross  field.  This  can  be  done  by  setting  up  a 
cross  field  which  does  not  induce  the  entire  voltage  necessary  to 
overcome  the  counter-e.m.f.  in  the  armature,  but  only  strong 
enough  to  induce  a  part  of  this  voltage.  The  remaining  part  of 
the  voltage  necessary  in  the  armature  can  then  be  taken  directly 
from  the  line  or  rather  from  a  transformer  connected  across  the 
line.  The  connection  of  Fig.  12  shows  such  an  arrangement  which 
is  usually  termed  a  "double-fed  series  motor,"  because  it  is  partly 


FIGS.    8    AND    Q — CONVENTIONAL     MKTHODS    OF 
INDH  ATING  REPULSION  MOTOR  <  0.\  XECTIONS 
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fed  directly  b)   induction  and  partly  fed  indirectl)  bj   transformer 
action.     This  connection,  like  the  one  in  Fig.  to,  has  the  disadvanl 

thai  the  field  and  armature  current  are  not  necessaril)  in  ph 
with  each  other.     This  condition,  however,  ran  be  fulfilled  b)   us 
mil:  connections  a-  shown  in   Fig.   13.     This  method  1-  commonly 
used  in  practice,  and  gives  very  good  results  for  motors  which  are 
operated  above  synchronous  speed. 

DOUBLE-FED    SERIES    MOTOR    FOR    I'M  NCHRONOUS    SPEEDS 

For    motors    which    are    t"    be    operated    below    synchronous 
speed,  the  straight  repulsion  motor  will  have  a  1  field  which  is 

too  weak  i"  full)  com- 
pensate for  the  pulsating 
voltage  in  the  armature. 
Therefore,  it  is  desirable 
to  strengthen  the  en 
field,  ami  tin-  can  be  done 
by  setting  up  a  cross  field 
sufficiently  strong  n>  in- 
duce  in  the  armature  a 
voltage  which  is  lar(  r 
than  the  counter-e.m.f.  in 
the  armature.  In  this 
case,  there  will  of  course 
be  a  resultant   voltage  in 
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the  armature  which  can 
rT^^^I  be  taken  care  of  by  con- 
nceting  the  armature  in 
the  opposite  direction  to 
the  transformer,  a-  shown 
in  Fig.  14.  In  tin-  case, 
the    stator  winding   takes 

M.    II.    12,    13.    14.  ANIi   15-   FUNDAMENTAL  ,  If 

TYPES  OF  SINGLE-PHASE  COMMUTATOR  MOTORS         energy         tl'.'in        the       line 

In  which  useful  energy  i>  transferred  from  which  i>  in  excess  "t'  the 
the  stationary  member  t'>  the  armature  by  eIK.,-,rV  f,  ,r  driving  the 
transformer  action 

motor     and     the     ex 

energy  is   fed  hack  into  the  transformer  by  the  armature.      Fig.  15 

has  the  same  relation  to  Fig.  14  a-  Fig.   13  has  to  Fig.   12.  which 

means  that  it  is  a  modification  of   Fig.    14.   the   purpose   of   which 

is  to  get  the  armature  current  and   the    field    into   phase    with   each 

other.     Neither  of   the   arrangement-    shown    in    Figs.    14    and    IJJ 
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are  used  very  much  in  practice,  since  motors  with  normal   speeds 
below    synchronous  speed  are  not  very  common. 

MOTORS    WITH    ARMATURE    EXCITATION 
(Wl  NTER-EICH  BERG    MOTOR  I 

Nearly  all  types  of  motors  with  armature  excitation  make  use  of 
the  internal  transformer  action  in  some  way  or  other.  It  may  be 
sufficient,  however,  to  explain  briefly  only  the  Winter-Eichberg 
motor,  as  an  example.  This  motor  is  a  special  type  of 
indirectly  fed  series  or  so-called  repulsion  motor.  As  in 
the  latter,  the  armature  energy  is  transmitted  into  the 
armature  by  a  cross  held.  The  main  field,  however,  is  not 
induced  by  putting  the  main  field  winding  on  the  stator,  as  in  all 
motors  previously  described,  but  it  is  induced  by  currents  sent 
into  the  armature.  The  principle  of  this  scheme  can  best  be  ex- 
plained if  it  first  be  imagined  that  the  armature  has  two  separate 
windings  and  two  s-.  ;  "ate  commutators  as  shown  in  Fig.  16.  One 
of  these  windings  serves  the  usual  purpose  of  carrying  the  work- 
ing current,  while  the  other  winding,  the  brush  axis  of  which  is 
shifted  90  degrees  relative  to  the  first  winding,  is  supplied  with 
current  which  serves  the  purpose  of  setting  up  the  main  field,  in 
the  same  direction  as  it  is  usually  set  up  by  the  field  winding  on 
the  stator.  Instead  of  having  a  separate  armature  winding,  it  is 
possible  to  use  a  single  or  common  winding  by  introducing  an 
extra  pair  of  brushes  as  showm  in  Fig.  17,  and,  instead  of  sending 
a  series  current  through  the  armature,  to  use  a  separate  trans- 
former. This  connection  is  the  one  known  under  the  name  of 
the  "Winter-Eichberg"  motor.  The  advantage  of  this  connection 
is  that  it  will  give  a  motor  with  unity  power-factor.  It  is  evident 
that  the  cross  field,  which  extends  over  the  working  surface  of 
the  armature,  not  only  induces  a  voltage  in  the  coils  short-circuited 
by  the  main  brushes,  but  also  induces  voltages  in  all  of  the  arma- 
ture coils,  which  add  up  to  give  quite  an  appreciable  voltage  be- 
tween the  auxiliary  brushes.  Now  as  this  voltage  can  be  made 
equal  and  opposite  in  phase  to  the  inductive  voltage  set  up  by  the 
self-induction  of  the  main  field,  it  will  be  seen  that  instead  of  tak- 
ing a  voltage  from  the  line  necessary  to  overcome  the  self-induct- 
ance voltage  of  the  main  field,  this  motor  induces  such  a  voltage 
within  itself.  It  can  even  be  arranged  so  that  the  cross  field  in- 
duces a  voltage  somewhat  in  excess  of  the  inductive  field  voltage 
and  sufficiently  large  to  take  care  of  the  leakage  reactance  voltages 
as   well.     This  being  the   case,   the   motor   does   not  have  to  take 
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any  wattless  voltage  from  the  line,  which  means  thai  ii  will  opi 
ate  with  unity  power  factor.     The  same  principle  is  made  use  of 
in  a  great  man)   other  types  of  motors. 

FUNDAMENTAL     rYPES    01     SINGLE-PHAS  [MUTATOR     MOTORS 

In  conclusion,  special  attention  should  be  called  to  the  simil 
ity  of  the  arrangements  of  Figs,  to  to  15  inclusive.  In  all  thi 
windings,  the  current  can  be  considered  as  flowing  through  the 
cross  winding  of  the  stator,  the  main  field  winding,  and  the  arma- 
ture in  series,  as  shown  for  instance  in  Figs.  12  and  [3.  A  special 
tap  is  provided  for,  however,  in  Fig.  u.  between  the  armature 
and  main  field  winding  and,  in  Fig.  [3,  between  the  cross  stator 
winding  and  the  main  field  winding.  Fig.  to  may  be  considered 
to  be  the  same  connection  as  Fig.  u:  the  special  tap,  however,  is 
shifted  t"  the  left  until  it  reaches  the  tap  to  which  the  armature 

is  connected,  thereby  short-cir- 
cuiting the  armature,  and  lead- 
ing to  the  so-called  repulsion 
nn  itor  connection.  I  f  the  tap  is 
shifted  still  further,  the  case  of 
Fig.  14  is  obtained.  In  the  same 
manner  it  will  be  1  >bsen  ed  that 
in  principle  the  connection  of 
Fig.  1  1  is  obtained  by  shifting 
the  tap  of  Fig.  [3  to  the  left, 
until  it  coincides  with  the  arma- 
ture tap.  By  -till  further  shift- 
ing the  tap,  the  case  of  Fig.  15 
i-  reached.  The  c<  tnnections  of 
Figs,  to  to  [5  may  therefore  be 
considered  as  fundamental  con- 
nections. The  schemes  of 
Ki,^-.  6,  7.  8  and  «;  respective- 
ly, are  really  the  same  scheme 
as  Fig.  to,  the  only  difference  being  that  the  two  stator  windii 
are  combined  into  one.     The  same  modification  would  b<  ible 

for  the  connections  of   Figs.    12  and    14.     In  all  of  these  conm 


5.      16  AND      17      CONNECT  ION      DIA- 
GRAMS SHOWING      REPULSION      TYPE 
MOTORS  WITH      ARMATURE      I  X 
TIO 


tions  1  Figs. 


-    <> 


8,  9,    i".    i-\    14     the  armature  current  1-  <>ut 


of  phase  with  the  field,  and  all  of  them  can  be  traced  back  to  the 
connection  of   Fig.    1  _\     In  the  diagrams  of   Figs.    11.   13,  and    [5, 

the  current  in  the  armature  i-  always  the  same  a-  in  the  field.     All 
of    these    connections    may    lie    traced    hack    to    the    connection    of 
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Fig.  [3.  A  further  step  ma)  therefore  be  taken  in  looking  at  this 
matter  by  considering  Figs,  u  and  [3  as  the  only  fundamental 
nnections,  and  all  of  the  others  as  special  cases  of  these  two. 
\1>c>.  the  Winter-Eichberg  motor  is  simply  a  modification  of 
Fig.  1  _\  but  it  has  the  peculiarity  of  having  the  main  field  induced 
by  armature  currents  and  giving  a  power-factor  of  100  percent 
under  certain  conditions.  The  series  motors  with  short-circuited 
compensating  winding  may  he  considered  as  a  special  case  of  the 
connection  shown  in  Fig.  13.  It  may  he  seen  that  a  series  motor 
middle  tap  in  Fig.  [3  is  shifted  to  the  right  until  it  coincides  with 
the  tap  of  the  compensating  winding. 

ddiis  discussion  is  obviously  not  intended  to  give  a  detailed 
description  of  the  various  connections,  or  the  theory  relating  to 
each,  but  simply  to  give  a  brief  outline  of  the  various  types,  some 
of  which  may  then  he  discussed  more  in  detail.  Neither  is  it  in- 
tended to  give  a  complete  list  of  all  types  of  motors  which  make 
use  of  internal  transformer  action  in  some  way  or  other.  A  num- 
ber of  the  more  important  examples  are  given  in  order  to  demon- 
strate the  principles  as  applied  for  various  purposes.  The  combi- 
nations and  motor  connections  made  possible  by  the  utilization  of 
the  internal  transformer  action  with  or  without  armature  excita- 
tion are  almost   inexhaustible. 
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767 — Two-Phase     Motor    Operated 

on    Single-Phase    Circuit     Can    a 

two-phase,    60    cycle,    220    volt, 

four-pole,     1800     r.p.m.     squirrel 

cage  nii't'T  with  24  slots  and   12 

coils    be    operated    satisfactorily 

>'ii  a  single-phase  circuit  without 

rewinding  the  stator?  t.f.b. 

This  1-  covered  by  an  article  on 

"Polyphase      Motors     on     Sinj 

Phase  Circuits"  by  G.  H.  Garcelon, 

in   the  Journal   for   August   '05,  p. 

501,    from    which    the    following    is 

qui  »ted: — 

•■  1  lie    1  li.n.i  the    in  itor    « ill 

Dot  '"I    "ii    single  phase    .i~    when 

operated   on    ■    two-phase   circuit    for    which 

gned,  and   - e   Bpecial   device  will 

to  Im   ■  mployed  t"  make  it  Bell 
Motors   «uli   squirrel    cage   rotors   in   general 
enr     better     performance     undei       abnormal 

1  ions     than     wound     secondary     in 
Hull    .1    given    si  p    and    given    temperature 
11    •■!!    sii  gle  pi  .i-.-    i  im  mi    will 
ivailable    <  apacitj     to    approxi- 
mately   70   1 it    "i    the   normal    polyphase 

rating.     The    maximum    running    or   pull-out 
torque    will    be    de<  reased    one  hall    or 
third,   depending    upon    the    slip;    the    motor 
having    the    smallest    -1 1 j>    irio-s    thi 
pull-out    torque.      1  he  1    powei  • 

factor  will  be  in  general,  highest   at   7"  pei 
•  1   the    normal   polyphase   load   but    will 
In-    from    6   i"    1-    percent    lower    than    with 
normal   op<  r.iti"n.      \  phase  m 

tin-   machine    will    not    develop    any    starting 
torqui  not    necessary,    however,    i" 

bring    the    motor    up   to   more    than   one-fifth 
i>i'  norma]  speed  in  order  to  ail  >w  it  to  pick 
up.  provided  tin-  load  is  very  linlit.     Hi 
unless  the  motor  1-  too  large,  it  maj  usually 
tarted  bj      -  pull  on  the  belt     II 

desired  to  make  tin-  motoi   sell  starting 
this   can    in-    accomplished    by    usii  - 

.   Inductaj  or  more 

•  ■it  - ;    in   this   manner   tin-   cu 

in    tin-    different    circuits    is    thrown    oul 
phase    1  "r   spin  1    which  will    l-  iting 

I'n-lil    ni    limit. -.1    strength    or    sufficient     <■■ 
produce     a  small     torque.     There     will 

c  .-in  -.-    In-    a    large    loss    in    tin 

whatever  device   is  used   t"  split  tin-  phasi  ; 
therefore   generally   cut    out    after   the 
i    has   picked  up   -]••  •  d." 

768 — Alternator  with  Pair  of  Poles 
Short-Circuited  —  It  a  field  coil 
mi  a  revolving  field  alternator  be- 
comes so  damaged  as  t..  require 
removal  would  it  In-  possible,  by 
disconnecting    the    next    pole    also, 


ami  putting  a  jumper  in  the  pi 
cf   these   two  coils   ami   their   pole 
pieces,  to  continue  to  run  tin-  ma 
chine   in    parallel    with   other    ma 
chines  operating  at  tin-  same   fr< 
quency  as  tin-  rated    frequency 
this  machine  withoul   changing 
sliced  '     '1  hat    is.  ;ii]   1, tlier   condi- 
tions "i  tin-  machine  being  normal, 
will  removing  one  (adjacent)  pair 
■  if  p  'le-  ni   a   revoh  ing   field  alter- 
nator affect    tin-    frequency   of   the 
nerated  current,  ami  n'  -<.,  how 
ami  why  ?  0  m.w. 

The  frequency  of  an  alternating 
current  generator  is  determined  by 
the  angular  pitch  between  adjacent 
poles,  s,  1  that  the  disconnection  of  a 
single  field  coil  or  of  a  pair  of  field 
mils  will  not  affect  the  frequency 
providing  the  speed  1^  not  changed 
It  will,  however,  reduce  the  terminal 
voltage  in  the  ratio  of  one  pole  or 
one  pair  of  poles  to  the  total  number 
of  poles  or  pairs  of  poles.  For 
ample,  if  the  alternator  has  jo  poles 
or  id  pairs  ..f  poles,  the  removal  of 
one  helil  coil  will  reduce  the  voh 
S  percent.  A  generator  can  he  oper- 
ated with  some  of  the  field  coils  dis- 
connected as  you  propose  provided 
the  armature  winding  is  all  in  serif-., 
hut  it  there  are  parallel  circuits  in 
the  winding  the  two  circuits  in  paral- 
lel may  have  different   voltagi 

1  rated  in  them  in  such  a  way  a-  to 
cause  dangerous  currents  to  flow 
from  one  parallel  circuit  to  the  other. 
If  only  one  field  coil  is  damaged,  it 
is  not  necessary  to  cut  out  a. second 
coil,  provided  the  field  windings  are 
all  in  s,-ries.  If  thej  are  in  two  par 
allels,  then  a  second  coil  should  be 
cut  out  in  the  other  circuit,  prefer- 
ably diametrically  opposite  to  the 
first  coil,  to  avoid  unbalanced  mag- 
netic pull.  If  a  single  coil  is  cut  out. 
there  will  he  some  unbalanced  mag- 
netic pull  on  the  rotor.  With  two 
adjacent  coils  cut  out.  this  unbal- 
anced pull  will  be  practically  doul 
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Therefore,  it'  one  coil  cul  out  shows 
much  unbalanced  pull  (as  indi- 
cated 1>\  vibration  of  frame,  in  some 
cases),  then  an  opposite  coil  can  be 
cut  out  to  overcome  this.  f.d.n. 

769 — Overheating  of  Railway  Mo- 
tors on  Low  Voltage — We  have 
had  some  trouble  with  overheating 
of  <>ur  railway  motors  as  our  ser- 
vice is  rather  severe  for  the  size 
of  equipment  installed.  We  have 
been  told  that  low  voltage  causes 
series  motors  to  overheat.  It  this 
is  true,  phase  explain  why. 

W.C.MCB. 

\  properly  selected  car  equipment 
with  good  line  voltage  will  perform 
its  service  with  considerable  period 
of  coasting  (5  to  10  percent  of  total 
time  1.  It  the  line  voltage  is  low  and 
schedule  is  maintained,  the  period  of 
coasting  will  Ik-  reduced  and  may 
entirely  disappear.  Therefore,  in 
addition  to  the  increase  of  current 
td  give  normal  power  which  results 
from  low  voltage,  the  motors  will 
be  taking  current  for  a  longer  per- 
iod and  the  heating  of  the  motors 
will   he  increased.  c.o.c. 

770 — Effect  of  Frequency  on  De- 
sign of  Induction  Motor — Why 
are  the  rings  and  bars  on  a  squir- 
rel-cage induction  motor  designed 
to  operate  on  a  25  cycle  circuit  of 
heavier  cross-section  than  those 
used  on  60  cycle  circuits?  Would 
a  50  hp.  25  cycle  induction  motor 
need  as  heavy  bars  and  rings  as  a 
75  or  100  hp,  25  cycle  motor?  What 
would  he  the  effect  of  using  60 
cycle  rings  on  a  25  cycle  rotor? 

H.G. 

Twenty-five  cycle  motors  in  gen- 
eral have  a  smaller  number  of  poles 
than  60  cycle  motors.  As  the  cur- 
rent in  any  given  section  of  the  end 
rings  is  the  total  secondary  current 
divided  by  two  times  the  number 
of  poles,  it  is  obvious  that  with  a 
smaller  number  of  poles  (everything 
else  being  equal)  there  will  be  a 
greater  current  in  any  given  section 
of  ring  and  consequently  a  ring  of 
larger  cross-section  will  he  required. 
A  50  hp,  25  cycle  motor  would  re- 
quire heavier  ring's  tor  example  than 
a  100  hp.  60  cycle  motor  with  the 
same  numher  of  poles  'the  increase 
in  horse-power  of  the  latter  appear- 
ing mainly  as  an  increase  in  operat- 
ing speed)  hut  whether  or  not  the 
ring  for  the  25  cycle  motor  would  be 


of  heavier  cross-section  than  for  a 
~^  or  too  hp,  25  cycle  motor  would 
depend  on  the  relation  between  a 
numher  of  oilier  features  <  f  the  de- 
sign, and  the  relation  might  vary 
under  different  conditions.  Using  60 
cycle  rings  on  a  25  cycle  motor 
would  result,  in  general,  in  too, much 
secondary  resistance  followed  by  too 
greal  "slip"  or  drop  in  speed  at  full 
load  and  perhaps  undue  heating. 

A.M.n. 
771 — Rewinding  of  Arc  Lamp  Reg- 
ulator—  We  have  a  moving  pic- 
ture arc  regulator  consisting  of 
two  reactance  coils,  one  with  sta- 
tionary laminated  core  and  the 
other  core  hung  in  the  coil  bal- 
anced by  a  weight.  The  coils  are 
each  wound  with  ten  pounds  or 
115  turns  of  No.  6  wire  and  the 
cores  are  each  2x2x7  in.  The 
arc  takes  about  30  amp.  and  32 
volts  at  the  carbons.  The  lighting 
circuit  was  formerly  110  volts,  133 
cycles  alternating-current,  hut  is 
now  1 10  volts,  60  cycles.  When 
the  change  was  made  the  coils  be- 
gan to  heat  and  soon  burned  out. 
How  should  it  be  rewound  for  60 
cycle  current?  l.e.b. 

The  arrangement  referred  to  is 
evidently  that  of  a  reactance  coil  in 
series  with  the  arc  across  a  no  volt 
circuit.  The  reactance  coil  simply 
takes  care  of  the  difference  between 
the  arc  voltage  of  32  volts  and  the 
circuit  voltage  of  no  volts.  If  a  re- 
actance coil  is  to  maintain  a  constant 
reactance  voltage  at  various  frequen- 
cies, the  current  through  the  coil 
must  vary  inversely  as  the  frequency. 
When  the  frequency  was  reduced 
from  133  cycles  to  60  cycles  in  the 
aboVe  example  or  in  the  ratio  of 
about  2.2  to  1  there  must  have  been 
a  corresponding  increase  in  current, 
which  will  account  for  the  coil  burn- 
ing out.  If  it  is  desired  to  keep  the 
current  at  normal  when  the  fre- 
quency is  thus  reduced,  the  number 
of  turns  should  he  increased  in  the 
proportion  of  1  to  2.2.  It  is  doubt- 
ful if  it  will  be  possible  to  get  so 
many  extra  turns  on  the  old  cores, 
if  they  were  as  closely  designed  on 
the  133  cycle  basis  as  is  usual  with 
this  class  of  apparatus.  Probably 
tin-  cures  will  have  to  be  made  larger. 
If  the  coils  ran  very  cool  on  13,? 
cycles  with  30  amperes  through  them 
it  may  be  possible  to  reduce  the  wire 
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by  one  size  when  rewinding  bul  this 

.  not  appear  promising,  as  a  N- 
wire  is  none  too  liberal   for  30  •"" 

pens.  \  IMt. 

772 — Effect  of  Ageing  of  Iron  on 
Exciting  Current  Required 
\\  li.it  ctti  d  W(  >uld  the  ageing  of 
the  iron  in  field  ami  armature 
res  of  an  alternator  hz\  e  on  the 
amount  "t  excitation  required?  ts 
the  heating  of  field  cores  brought 
about  by  the  iron  losses  in  the 
field  or  is  it  due  partly  t"  the 
armature  current?  (Alternator.) 
1  f  not  arc  these  iron  losses  sup- 
plied by  the  exciting  current.  .1  1 
Generally  speaking,  the  ageing  of 
iron  in  field  and  armatun  -  of 

an  alternator  would  have  no  appreci- 
able effect  upon  the  excitation  re- 
quired. The  air  gap  of  the  machine 
requires  most  of  the  magnetomotive 
force  of  the  field  winding  and  since 
the  reluctance  of  the  gap  is  inde- 
pendent of  the  ageing  a  large  per- 
centage change  in  the  reluctance  of 
the  iron  parts  of  the  magnetic  circuit 
will  have  little  or  no  effect  upon  the 
total  reluctance  and  field  excitation 
required.  The  heating  of  the  field 
cores  of  an  alternator  is  caused  both 
by  copper  and  iron  losses  in  the  ma- 
chine. The  copper  loss  in  the  field 
coils  warms  the  field  iron  by  conduc- 
tion. There  are  iron  losses  in  the 
pole  faces  caused  by  the  flux  pulsa- 
tions due  to  the  passing  armature 
teeth.  This  pole  face  loss  is  con- 
ducted back  into  the  poles.  In  cer- 
tain designs  with  small  air  gap  and 
relatively  large  and  open  armature 
slots  this  loss  has  a  marked  effect  on 
the  field  heating.  The  armature  usu- 
ally operates  at  a  higher  temperature 
than  the  field  and  therefore  may  sup- 
ply heat  to  the  held  by  radiation  in 
the  gap  and  by  currents  of  air  which 
carry  the  heat  from  armature  to 
field.  The  heat  in  the  armature  is 
caused  by  the  copper  loss  in  the 
winding  and  the  armature  iron  losses 
(see  No.  ur.  Sept,  [908).  All 
the  losses  which  heat  the  field  cores 
except  the  field  copper  loss  are  sup- 
plied by  the  prime  mover.  The  cop- 
per loss  in  the  held  coils  is  supplied 
from  the  exciter  bus  if  separately 
excited.  t  1. 

773— Three-Phase  Versus  Two- 
Phase  Power-Factor  Meter — Is 
there  any  difference  between  a 
three-phase  and  a  two-phase  power 


fa<  tor    mi  tei        I    recently  saw    a 
three-phase   meter   1  ■■hik  cted   to 

two  phase  circuit ;  at   least  it   « 

■  marked  on  the  dial.  B.L. 

1  '•  iv»  ■  !   factor    m            for  thi  1 

phase  circuits  will  not  I"  I  on 

two-phase  or  vice  \ ersa.     It  w ill  be 

appreciated     that     at      n«p  p<  n  em 

p"V.  r.    for   example,    the    volt- 

.1  three  phase  circuit  and  the 
current  as  well  m  the  three  lines  bear 
a  120  degree  relation  t"  "tie  another, 

whereas  in  a  two  phase  circuil  uml'  I 
the  same  conditions,  both  the  volt- 
and  the  currents  in  the  line  bear 
a  'xi  degree  relation  v  . . irdingly 
the  impossibility  of  interchanging 
p"\\  <r-  fact  »r  meters  « ill  be  ob>  ious 
t n 'in  this  0 'ii  in.  i-  m 

774 — Method  of  Distinguishing  Re- 
Entrant  Armature  Winding  Ac- 
irding  to  various  books,  the  term 
"reentrant  armature  winding"  is 
used  to  indicate  different  arrange- 
ments, depending  upon  the  author- 
ity, for  example,  in  "Dynamo- 
Electric  Machinery"  by  S.  P. 
Thompson,  the  definition  of  doubly 
reentrant  winding  is,  one  consist- 
ing of  only  one  circuit,  but  with 
this  circuit  so  arranged  that,  in  or- 
der to  trace  out  all  of  the  coils  and 
segments,  it  is  necessary  to  encir- 
cle the  armature  twice.  According 
to  later  works  on  armature  wind- 
ings, a  doubly  reentrant  winding 
consists  of  two  entirely  separate 
windings  insulated  from  one  an- 
other. What  is  the  generally  ac- 
cepted definition?  Please  give  any 
other  information  on  the  subject 
which  will  aid  in  distinguishing 
such  windings.  b.w. 

The  term  "doubly  reentrant"  arma- 
ture winding  is  usually  understood 
to  mean  a  winding  that  consists  of 
two  entirely  separated  windings.  The 
use  of  the  word  "reentrant."  how- 
ever, may  easily  cause  misunder- 
standings. It  is  better  t"  distinguish 
the  armature  windings  according  to 
the  number  of  separate  windings 
comprising  them.  e.g..  by  speaking  of 
a  singly-closed  winding  (  I  wind:- 
doubly-closed  (2  windings),  triply- 
ed   ( .}  wind  •  tc.     Series-par- 

allel winding  two  or  m'>re  series 

windings  that  are  connected  in  par- 
allel may  be  singly  closed  or  multi- 
ply-closed. The  number  of  closings 
is  given  by  the  common  divisor  of 
the  commutator   pitch   and   the  num- 
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her  of  commutator  bars   and   there- 
fore must   be  smaller  than  half  the 
number  of  circuits.    If  these  have  no 
common  divisor  the  winding  is  sin- 
gly-closed.      For   example,   in   an   8 
machine,  with  27  slots,  54  com- 
mutator bars,  4  conductors  per  slot, 
and   a  commutator   pitch   of    13.   the 
two  series  windings  arc  singly  closed. 
forming   one    winding.     In    a   4  pole 
machine   with   20   slots.   40   commuta- 
tor   bars,    4    conductors    per    slot,    a 
commutator  pitch  of  18  (the  winding 
consisting   of  -4  series  windings),  40. 
iS  and  4  have  the  common  divisor  2, 
making     the     winding     doubly-closed 
and    thus    consisting    of    two    series 
windings  of  which  each  in  turn  con- 
sist   of    two    other    series    windings, 
these  two.  however,  forming  one  con- 
tinuous  winding.  a.b. 
775 — Meter  for   Measuring   Power- 
factor   and   Wattless   Volt — Am- 
peres— Please     give     information 
regarding    use    of    alternating-cur- 
rent   wattmeter    for    indicating    or 
measuring   either   power-factor    or 
wattless  current  or  both,  in  an  al- 
ternating current  circuit.    We  have 
a  wattless  component  meter  on  our 
switchboard,    hut    no    one    at    our 
power  house  seems  to  understand 
the    principal    of    operation.      We 
simply  know  that  when  the  needle 
moves  to  the  left  it  indicates  that 
the  other  station  is  leading  us,  both 
stations    operating    in    parallel    on 
the  power  circuit.                       f.l.g. 
A  method  of  connecting  two  watt- 
meters   on    a    polyphase    circuit    for 
measuring    simultaneously    the    true 
watts    and    wattless    volt-amperes    is 
Kiven  in  an  article  on  "Meters  Adap- 
ted to  Special  Uses"  in  the  series  on 
"Meter    and    Relay   Connections"    by 
Mr.  H.  W.  Brown,  in  the  Journal  for 
May,  1909,  page  304.  Pigs.  8  and  10. 
Figs.  9,  11  and  12  of  this  article  give 
connection   for  ohtaining  similar  re- 
sults   with    a    single    wattmeter    and 
suitable       switches       for      obtaining 
alternately   the    two    equivalent    con- 
nections on   the  single  meter.     With 
values  of  true   and    wattless   compo- 
nents thus  obtained  the  power-factor 
given   by  the  ratio  "true  watts  -4- 
ue  watts :-  wattless  volt  amperes2." 
776 — Trouble    with    Controller    for 
Elevator     Motor — We    have    ex- 
perienced considerable  trouble  due 
to  sparking  of  the  controllers  in- 
stalled in  connection  with  elevator 
motors.     The  last   contact   of   the 
rheostat  shows  serious  burning  due 


to  the  interruption  of  the  circuit 
when  the  arm  falls  down.  As  a  rule 
the  fields  are  in  circuit  before  the 

armature     is     connected,     and     the 

shunt    field   is   apparently   the  last 
circuit     to    be    opened;    hence,    it 
would  appear  that   the  trouble  is 
due    to    the    interruption    of    the 
shunt  field  circuit.    Will  you  sug- 
gest  a  remedy.  T.J.B. 
From    the    description    given,    we 
would  deduce  that  the  apparatus  was 
a  semi-automatic  controller  in  which 
the  resistance  is  cut  out  by  a  contact 
arm  moving  across  a  scries  of  con- 
tacts, the  arm  being  operated   by  a 
magnet  and  its  speed  retarded  by  a 
dash-pot.    The  cause  of  burning  may 
be  attributed  to  two  things.,  viz.,  the 
one    mentioned,    breaking    the    shunt 
field,  and  second  that  due  to  making 
the  circuit   with   too   low   a    starting 
resistance,  thus  causing  a  heavy  rush 
of  current  on  the  first  notch.     As  a 
remedy  it  will  be  found  that  a  dis- 
charge  resistance,  connected   around 
the    shunt    field,    will    stop    the    first 
cause   and   a   resistance   of    approxi- 
mately 600  to   700   ohms   will    prob- 
ably   be    sufficient    to    do    the    work. 
This  resistance  should  have  capacity 
for  continuous  service.    (We  are  as- 
suming 220  volts,  as  this  is  the  usual 
elevator  voltage.)     As  a  remedy  for 
the  second  cause,  the  total  resistance 
should   be   increased   but   we   cannot 
say  how  much  without  knowing  flic 
present  values  of  the  resistance  and 
more    details    regarding    the    actual 
controller  connections.  h.l.b. 
777 — Removing    Oil   from   Carbons 
— Sometime    ago     we     received    a 
shipment  of  soft  carbons  of  which 
about  200  were  oil  soaked.  I  would 
like  to  know  whether  you  can  sug- 
gest anything  which  could  l*e  done 
to    remove   the   oil    from   the   car- 
bons. II.E.F. 
Practically  the  only  possible  meth- 
od to  remove  the  oil   from  the  car- 
bons is  to  drive  it  out  by  heat.     This 
will    be    greatly    facilitated    by    first 
soakiny  the  carbons  in  some  solvent 
as    gasoline    or    benzine     for     from 
forty-five   minutes    to    an    hour.      In 
this   way  the  heavy  oil   is   easily   re- 
moved   from   the  carbons.     The  car- 
bons can  then  be  heated  in  a  steam 
heated  oven  to  about  95  degrees  C. 
to  drive  out  any  of  the  gasoline  in 
the    pnres     of     the    carbons.       This 
method  is  fairly  inexpensive  and  will 
not   cause   any   deterioration   of   the 
carbon.  b.d. 
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PERSONALS 

Prof.   A.   F.   Nesbit   h  i  ntly  he- 

me i  >nm  cted  with  the  Research  I  de- 
partment of  the  University  of  Pitts- 
burgh, where  his  immediate  work  will 
In  in  connection  with  the  smoke  pi 
lem.  Prof.  Nesbit  was  m  charge  of 
the  department  of  physics  and  electric- 
ity at  the  New  Hampshire  State  Col- 
lege, Durham,  N.  II..  from  1895  t"  [912. 
I  Minny   the  la:  ral   months,  previ- 

ous  t"   taking   up  hi-   presenl    position, 
Prof     Nesbit    has   been    in    the 
engineering    department    "t'    tin-    W< 
inghouse   Electric  &    Mfg.  Companj    .1' 
i    Pittsburgh. 


Mr  I..  F.  Howard  has  recently  been 
appointed  chief  engineer  "t  tin-  Union 
Switch   &    Signal    I    >mpany,    Swissvale, 

1'.. 


Mi  1.  S.  Boggs,  superintendent  of 
electrical  construction  of  the  New  York, 
New  Haven  &  Hartford  Railroad,  has 
resigned  to  accept  the  position  of  gen- 
eral manager  '>t'  the  Macon  Railway  & 
ht  Company,  with  headquarters  at 
Mac<m.  (ia. 


Mr.  I..  I..  Nunn,  who  organized  the 
pioneer  Telluride  Power  Company  ami 
Berved  as  its  general  manager  since  it- 
inception  and  as  its  president  since  1910. 
will  hereafter  devote  his  time  to  the 
Beaver  River  Power  Company,  which 
supplies  energy  from  a  plant  in  Malad 
Valley  to  mines  at  Newhouse  ami 
Frisco,  L'tah. 


Messrs.  Charles  F.  I'ehclocker, 
Charles  N.  Black  and  William  von 
I'hul  have  been  admitted  to  partner- 
ship in  the  engineering  firm  of  Ford, 
Bacon  &  Davis,  115  Broadway,  New 
York  City. 


Mr.  W.  H.  Cadwallader  has  been  ap- 
pointed assistant  general  manager  of 
tin-  Union  Switch  vV  Signal  Company, 
Swissvale,  Pa. 


Mr.   Charles   M.    M  one   of   the 

charter  memhers  of  The  Electric  Club 
of  Pittsburgh,  is  now  employed  as  il- 
luminating  engineer  of  the  Southern 
California  Edison  Company.  This  com- 
pany is  carrying  on  a  campaign  of  edu- 
cation among  its  consumers  ami  offer- 
ing them  free  engineering  advice  to  en- 
able them  to  have  economical  and  effi- 
cient lighting. 


Mr.   II    S    G.  Hurlbutt,  electrical  en- 
gineer  for  the  Esmeralda   Power  < 
panj    and    Tonapah    Mining    Company, 
I  ■•n.ipah.   Nevada,   has    resigned   to 
cept   the   position   of   superintendent 
the   Pacific   Power  Company  at  Jordan, 
fornia.     Mr.  Hurlbutt   was  formerly 
on  the  engineering  apprenticeship  course 
of   the    W  1  stinghi  iuse    I 
Companj  at  East   Pittsburgh. 


M  r.  II    ( 1.  Kn<  tdet  ntlj  1  if  the 

( '. ilumbus   disl rict  1  »f    the    W 

ingh  iuse    E  lect  rii    &    Mfg    Ci  >mpanj . 
now  with  the  Robbins  Electric  Compi 
of   Pittsburgh,  as  sales  manager.     This 
company  has  recently  been  reorganized, 
and  is  taking  up  an  active  campaign  for 
increased  busim 


The  Industrial   World  of    Pittsburgh 
in  it-  issue  for    August  .-.  contains  a 
print  of  the  article  by  Mr    E.   M     \\ 
on  "Motor-operated  Roll  Lathes,"  from 

tin-     foi  RNAL    for     lulv. 


OBITUARY 


Mr.  J.  L.  Davi  jing  engineer  in 

the  railway  engineering  department  of 
the  Westinghouse  Electric  &  Mf^  Com- 
pany, died  very  suddenly  on  August  8. 
Mr.  Davis  graduated  from  the  Univer- 
sity of  South  Carolina  in  [807,  and 
from  1897  to  1900  was  professor  of 
physics  at  the  Bingham  Academy  High 
School  in  North  Carolina.  From  [900 
to  1904  he  was  engaged  in  engineering 
work  with  the  General  Electric  Com- 
pany. In  i'H)4  he  entered  the  employ 
of  the  Westinghouse  Company  and  for 
1  ral  years  had  charge  of  the  design 
of  direct-current  railway  motors,  dur- 
ing which  time  many  important  designs 
were  produced,  among  which  was  that 
of  the  motors  used  on  the  Pennsylva- 
nia locomotives  at  New  York  City. 


ILLUMINATING    ENGINEERING  SOCIETY 
CONVENTION 

The  sixth  annual  convention  of  the 
Illuminating  Engineering  Society  if  I 
be  held  at  the  Hotel  Clifton,  Niagara 
Falls,  Ontario.  September  16-19.  Am 
the  list  of  some  21  items  in  the  program 
are  the  following  paper-:  "Recent  I  >■■- 
velopments  in  Series  St  net  Lighting," 
by  Dr.  C.  P.  Steinmetz;  "Indirect  and 
Semi-Indirect  Illumination."  by  Mr.  T. 
W.  Rolph;  "The  Determination  of  Illu- 
mination Efficiency,"  by  Mr.  E.  L.  El- 
liott: "Steel  Mill  Lighting,"  by  Mr.  C.  J. 
Mundo;  "Research  Methods."  by  Dr.  E. 
P.  Hyde. 
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Hurrah 


Providence 


A  strange  heading 
we  admit 

But  an  assumption  as  to 
what  you  will  say  if  you 
use  our  HIDE  FACED 
HAMMERS  or  RAW 
HIDE  MALLETS.    We 

think  you  will  repeat  our 
exclamation  when  you  know 
that  Providence,  R.I.,  is  the 
Home  of  HOLBROOK'S 
HIDE  FACED  HAMMERS 
and  RAW  HIDE  MALLETS. 

Give  them  a  trial  and 
be  convinced 

Holbrook  Raw  Hide  Co. 

Manufacturer* 

Providence,  R.  I. 


,  J^Hide  Faced  Hammers 
Raw  Hide  Mallets 
Raw  Hide  Blanks  for  Gears 


AMERICAN  ELECTRIC  RAILWAY  ASSO- 
CIATION CONVENTION 

The  thirty-first  annual  convention  of 
the  American  Electric  Railway  Associa- 
tion is  to  be  held  in  Chicago,  October 
7-1 1.  There  will  be  20  convention  ses- 
sions of  the  various  subsidiary  associa- 
tions.  The  associations  now  have  a 
membership  of  about  400  electric  rail- 
way companies,  and  an  individual  mem- 
bership of  1  550,  in  addition  to  which 
i-  the  manufacturers'  association  includ- 
ing .350  of  the  leading  manufacturing 
concerns.  It  is  expected  that  the  regis- 
tration  will  he  between  4000  and  5000. 


INTERNATIONAL   ASSOCIATION  FOR 

TESTING  MATERIALS 

The  sixth  congress  of  the  Interna- 
tional Association  for  Testing  Mate- 
rials will  be  held  September  2-7,  in  the 
Engineering  Societies  Building,  New 
York  City.  The  technical  proceedings 
will  be  unusually  valuable.  There  are 
about  170  foreign  and  35  American  pa- 
pers on  the  program.  The  proceedings 
will  be  conducted  in  English,  American 
and  French  with  the  aid  of  interpreters. 
On  Monday  evening  there  will  be  a  re- 
ception under  the  auspices  of  the  Amer- 
ican Society  for  Testing  Materials, 
American  Institute  of  Electrical  Engi- 
neers, the  American  Society  of  Mechan- 
ical Engineers  and  the  American  Insti- 
tute of  Mining  Engineers.  Tuesday 
evening  there  will  be  a  reception  by  the 
officials  of  the  city  in  the  New  York 
Public  Librarv.  On  Thursday  evening 
a  reception  will  be  tendered  the  foreign 
members  by  the  American  Society  of 
Civil  Engineers.  A  special  excursion 
trip  to  Washington,  Pittsburgh  and  Ni- 
agara Falls  for  the  benefit  of  visiting 
members  will  be  made  at  the  close  of 
the  Congress. 


TRADE   NOTE 


The  Speer  Carbon  Company  has  just 
installed  a  lot  of  new  machinery  to  as- 
sist in  supplying  the  demand  for  their 
motor  and  generator  brush  business, 
and  now  have  the  latest  types  of  ma- 
chinery for  the  manufacture  of  the 
highest  grade  brushes.  Their  testing 
department  is  right  up-to-date,  contain- 
ing all  the  different  apparatus  for  test- 
ing the  co-efficient  of  friction,  the 
breaking  strength,  voltage  drops,  hard- 
ness, and,  in  fact,  all  the  latest  devices 
for  the  testing  of  carbon  brushes.  The 
Speer  Carbon  Company  to-day  manu- 
facture about  40  percent  of  all  the  mo- 
tor and  generator  brushes  used  in  the 
United  States  at  this  factory  and  have 
a  large  export  trade  which  is  growing 
rapidly. 
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WANTED 

Agents  in  the  Electrical  and  Mechanical  Field 

I  'I  IOSE  situated  so  that  they  come  in  frequent  contact  with  em- 

ployees  of  electric  light  and  railway  companies,  electric  power 

and  transmission  companies,  steam  and   hydraulic  power  companies, 

electric   manufacturing  companies,  consulting  i  ngineers,  engineering 

students,  etc.,  can  to  advantage  act  as  subscription  representatives  of 

THE  ELECTRIC  JOURNAL 

The  Practical  Monthly  for  those  who  want  definite  and 
accurate  information  on  the  engineering  questions  of  the  day. 

The  Journal,  owing  to  its  location  in  one  of  the  greatest  en- 
gineering centers  in  the  world,  is  able  to  secure  authoritative  contri- 
butions from  prominent  engineers  who  are  in  intimate  touch  with 
the  latest  developments  and  speak  from  personal  experience. 
Nearly  all  of  the  articles  published  are  prepared  especially  for  the 
Journal.  They  are  written  in  plain,  simple  language  in  concise 
form.  The  Journal  aims  to  help  its  subscribers  to  secure  a  better 
and  more  intimate  acquaintanceship  with  the  best  engineering 
practice. 

Our  present  subscribers  appreciate  the  Journal — 85  percent 
of  them  renew  their  subscriptions  each  year.  Many  of  our  sub- 
scribers recommend  the  Journal  to  their  friends  and  have  assisted  in 
building  up  its  circulation,  which  has  increased  40  percent  in  the 
past  two  years. 

If  you  are  interested  in  the  Journal  and  desire  a  convenient 

means  of  increasing  your  income  at  odd   moments,    write  for   our 

special  offer  to  agents.     We  have  a  liberal  proposition   which   is 

well    worth   your    investigation.      We  want  an  energetic  agent  in 

each    district  in  the  United  States.     Write  at  once  stating  territory 

that  you  desire  to  cover. 

Our  agents  can  take  orders  for  any  magazines  or  technical  books  in 
combination  with  subscriptions  to  the  Journal  at  special  prices. 

THE    ELECTRIC    JOURNAL,  Pittsburgh,  Pa. 


M 


THE  ELECTRIC  JOURNAL 


I 


Here's  a 
Double  -  Service 
Bit 

It  will  not  only  drill  through  wood, 
brick,  stone  or  structural  steel,  but  will 
enable  you  to  fish  your  wires  without 
any  special  tool  for  that  purpose. 

Several  fish-holes  are  provided 
through  the  center  web  of  this  bit  so 
that  one  will  always  be  available  as  the 
bit  wears  down  from  repeated  sharpening. 

Drill  your  hole  —  slip  the  end  of 
your  wire  through  the  fish-hole  at  the 
point  of  bit — pull  out  the  bit  and  your 
wire  is  automatically  fished  through  the 
partition. 

There's  a  "CLEVELAND"  Drill 
specially  designed  and  tempered  for  every 
drilling  requirement  in  the  Electrical 
Field. 

Write  for  Circular  No.  4-F  ih-f 

^  Twist  Drill  Co.  v 

New  York       CLEVELAND  Chicago 

A.  I.  E.  E.  COMMITTEES 

At  the  last  meting  of  the  Board  of 
Directors  of  the  A.  I.  E.  E..  President 
Mershon  announced  the  appointment  of 
committees  fur  the  coming  year.  The 
following  is  a  list  of  chairmen  of  these 
committees  : 

Executive,  Mr.  Ralph  D.  Mershon; 
Finance,  Mr  Charles  \Y.  Stone;  Li- 
brary. Dr.  Samuel  Sheldon;  Meetings 
and  Papers.  Mr.  Walter  S.  Rugg ;  Ed- 
iting. Mr.  Lewis  T.  Robinson;  Board 
of  Examiners.  Mr.  H.  S.  Putnam;  Sec- 
tions. Mr.  Paul  M.  Lincoln;  Standards. 
Dr.   A.  E.   Kennelly;  Code,  Mr.    Farley 

-ood;  Law,  Mr.  Charles  A.  Terry; 
Railway,  Mr.  Frank  J.  Sprague;  Edu- 
cational. Professor  II.  If.  Xorris;  High 
Tension  TransmiVi.  .n.  Mr.  Percy  H. 
Thomas;  Electric  Lighting.  Mr.  W.  C. 
L.  Eglin;  Telegraphy  and  Telephony, 
Mr.  S  G.  McMeen;  Electrochemical, 
Professor  A.  F.  Ganz;  Power  Station. 
Mr.  If.  G.  Stott ;  Ele«trophysics,  Dr. 
John  B.  Whitehead;  Public  Policy.  Mr. 
Calvert  Townley;  Historical  Museum, 
Mr.  T.  C.  Martin:  U.  S.  National  Com- 
mittee of  the  International  Electro- 
technical  Commission.  Mr.  C.  <).  Mail- 
loux ;  Code  of  Principles  of  Prof. 
sional  Conduct.  Mr.   B.  A.   Behrend;  In- 


dexing Transactions.  Mr.  G.  I.  Rhodes; 
Relations  of  Consulting  Engineers,  Mr. 
Lewis  B.  Stillwell;  Patent.'  Mr.  B.  J. 
\  in.  .1.1  ;  Sections  Participation.  Mr.  E. 
A.  Baldwin;  Committee  on  Revision  of 
Constitution,  Mr.  C.  W.  Stone;  Mem- 
bership, Mr.  II.  Clyde  Snook;  Badges, 
Mr.  Charles  W.  Stone;  Outgoing  Presi- 
dents Testimonial,  Mr.  Walter  S.  Rugg; 
Joubert    Memorial,   Mr.   C.   ( ).    Mailloux. 


NEW  BOOKS 


"Strength  of  Materials"  —  Mansfield 
Merriman,  160  pages.  54  illustrations. 
Sixth  edition.  Published  by  John 
Wiley  &  Sons,  New  York  City.  Price, 
$1.00. 

This  is  a  secondary  text-book  for  tech- 
nical schools.  A  new  chapter  on  com- 
bined stresses  has  been  added.  The 
discussion  is  devoted  principally  to  mo- 
ments of  beams,  columns  or  struts,  tor- 
sion of  shafts,  elastic  deformations,  re- 
inforced concrete,  resilience  of  materi- 
als. No  attempt  is  made  to  introduce 
calculus  into  the  demonstrations  but  the 
results  obtained  are  stated. 


"The  Human  Factor  in  Works  Man- 
agement"— James  Hartness.  159  pages. 
Published  by  the  McGraw-Hill  Rook 
Company,  New  York  City.  Price, 
$i,So. 

Among    over    300    books    which    have 
appeared    on    the    subject    of    Scientific 
Management,    the    majority    deal     with 
motion    studies,    cost    systems,    methods 
of    supervising    production,    systems    of 
compensation,    etc.      The   present    work, 
by  the  president  of  one  of  the  large  ma- 
chine   manufacturing   concerns,    appears 
somewhat   radical.     It  seems  to  indicate 
that  many  of  the  revolutionary  changes 
advocated   by   efficiency   experts  are  un- 
desirable,     lie   preaches   the  superiority 
of  existing  things — things  that  may  not 
be    perfect    but    are    nevertheless    best. 
He  places  much  stress  on  the  inertia  of 
mind  and  body.     "The  man  who  is  do- 
ing  the   real    work   in   the   world   is  not 
the    so-called    progressive.      He    is    one 
who    points    out    better    methods    which 
may  easily  be  established   by  a  gradual 
change    of    old    habits    for    new    ones." 
"The  best  use  of   the   present  means,  is 
a  policy  that  should  be  given   first  place 
in    all    schemes    of    industrial    manage- 
ment." The  calling  attention  to  the  laws 
of  habit  and  human   inertia  is  certainly 
timely  and  should  have  a  modifying  ef- 
fecl    on    extreme    progressiveness.      The 
human  element  is  one  that  has  been  all 
too  much  overlooked  in  plans   for  scien- 
tific  management. 
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NEW  BOOKS 

"Commercial  Engineering  for  Central 
Stations" —  Arthur  Williams  and 
Edmund  F.  Tweedy,  142  pages,  27  il- 
lustrations. Published  by  McGraw- 
Hill  Company.  New  York  City.  Price, 
$2.50. 

Central  stations  were  first  installed  to 
supply  current  for  lighting  but  soon  ex- 
tended their  scope  to  provide  power  for 
driving  small  machines.  Developments 
in  the  art  of  artificial  illumination  and 
motor  applications  have  been  most 
marked  within  recent  years  and  the 
electrical  utility  companies  have  indus- 
triously followed  the  march  of  progress 
along  these  lines.  There  are  other  pos- 
sibilities for  broadening  the  field  of  the 
central  station  which  have  so  far  been 
exploited  in  a  rather  limited  way.  It. 
is  these  new  lines  of  attack  to  which 
the  authors  have  devoted  most  of  this 
instructive  publication.  Considerable 
data  of  interest  on  actual  cost  of  oper- 


ation of  steam  generating  stations  have 
been  included.  The  subjects  embraced 
are  set  forth  in  very  good  style,  and  the 
character  of  the  book  is  well  expressed, 
by  the  following  headings  of  its  dif- 
ferent chapters.  I — Estimating  the 
amount  of  coal  required  to  heat  a  mod- 
ern city  building.  II — Cooling  the  air 
of  buildings  by  mechanical  refrigera- 
tion. Ill — Mechanical  refrigeration  for 
the  cold  storage  of  furs  and  fabrics. 
IV — -The  application  of  mechanical  re- 
frigeration to  ice  cream  making.  V — 
Cost  of  generating  electrical  energy  in 
steam  driven  stations  of  small  and  me- 
dium size.  VI — Kilowatt-hour  costs  in 
steam  driven  generating  plants.  VII — 
Central  station  load  factors.  VIII — 
Electricity  in  the  modern  department 
store.  IX — Passenger  elevators  in  office 
building  service.  X — The  production 
and  utilization  of  ozone.  XI — The  use 
of  electricity  for  the  disinfection  of 
sewage.  e.d.d. 
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Nb\V   BOOKS 

"The   Electric   Circuit"     V     Karapetoff 
220  i'  Second  edition  published 

by  the   McGraw-Hill  Co.,  New  York 
City.     Pi  oo. 

The  f"ir>t  edition  of  this  work  was 
published  as  a  pamphlet  under  date  of 
August.  [910.  In  its  present  form  the 
topics  are  treated  somewhat  more  in 
detail,  resulting  in  a  larger  book.  New 
headings  are  included  as  follows :  The 
resistance  of  conductors  of  various 
cross-sections,  the  electrical  relations  in 
polyphase  systems,  the  performance 
characteristics  of  transmission  lines, 
transformers  and  induction  motors,  and 
the  permittance  of  transmission  lines. 
This  book  as  well  as  the  companion 
volume,  "The  Magnetic  Circuit,"  is 
intended  primarily  for  text-book  work. 
Problems  appear  at  the  chapter  ends 
to  be  used  by  the  student  in  order  to 
acquire  the  assurance  that  a  clear  un- 
derstanding has  been  secured  of  the 
underlying  principles.  Very  few  dia- 
grams are  given  and  very  little  numer- 
ical data  coefficients  or  standards.  A 
short  chapter  is  devoted  to  an  expla- 
nation of  the  use  of  complex  quanti- 
ties. 


"Toll    Telephone    Practice."     J.    Hern- 
hard  Thiess  and   Guy   A.  Joy.     429 

pages,   268  illustrations.      Published 

by  D.  Van  Nostrand  Company,  New 

York  City.     Price  $3.50. 

The  developments  in  telephone  en- 
gineering, like  many  other  branches  in 
engineering  work,  have  become  so  ex- 
tensive that  no  one  treatise  can  hope 
to  cover  the  subject  satisfactorily. 
The  authors  have  chosen  a  certain 
portion  of  telephone  practice  and  pre- 
pared a  very  high  grade  book  going 
sufficiently  into  detail  to  furnish  prac- 
tical assistance  to  those  who  wish  to 
.specialize  on  this  subject.     Beginning 


with  the  simpler  rural  telephone 
equipments  the  subject  is  developed 
quite  logically.  Many  diagrams  of  tele- 
phone connections  are  given  to  illusti 
the  different  arrangements  which  ha 
been  used  or  suggested.  One  chapter 
which  does  not  apply  exclusively  to 
toll  work  is  that  on  line  construction. 
A  liberal  discussion  on  cross-talk  and 
other  inductive  disturbances  is  inclu- 
ded with  diagrams  showing  various 
transposition  combinations.  The  final 
chapter  is  devoted  to  the  telephone 
repeater. 


"Primer  of  Scientific  Management." 
Frank  B.  Gilbreth.  108  pages.  Pub- 
lished by  D.  Van  Xostrand  Co.  Price 
$1.00. 

As  the  result  of  a  series  of  articles 
in  the  "American  Magazine"  on  "The 
Principles  of  Scientific  Management" 
by  Fredrick  W.  Taylor,  many  letters 
were  received  with  requests  for  de- 
tailed information.  These  letters 
were  turned  over  to  Mr.  Gilbreth  to 
answer.  The  present  work  is  pub- 
lished entirely  in  question  and  answer 
form  and  is  based  on  the  original 
questions  and  answers  which  were  re- 
ceived in  the  way  just  indicated.  An 
introduction  by  Mr.  Louis  D.  Brandeis 
is  included. 


"The  Design  of  Static  Transform* 
— H.  M.  Hobart.    [74 pages,  102  illus- 
trations.    Published  by   D    Van 

trand     Company,     Xcw     York     City. 

Price,  $2.00. 

While  a  comparatively  small  bonk. 
the  work  presents  an  excellent  idea 
the  fundamental  principles  of  practical 
designing.  The  reader  is  referred 
certain  standard  treaties  for  underlying 
principles.  The  author  being  of  British 
acquaintanceship,  the  work  savors 
somewhat  of  English  and  continental 
practice. 
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No  one,  who  lias  observed  the  events  of  the  rail- 
Recent  way  world  during  the  past  year,  can  have  failed  to 
Electric  Rail-  see  the  rapid  development  in  every  line.     Appar- 
way  Progress  ently,  every  man  connected  with  electric  railways 

has  been  alive  to  the  situation  and  has  added  his 
mite  to  make  up  an  astonishingly  large  total  of  improvements. 
Only  a  few  of  the  high  spots  are  touched  in  this  issue  of  the  Jour- 
nal, but  they  are  among  the  most  important.  The  low  floor  car, 
with  its  great  seating  capacity  and  easy  entrance  and  exit,  has 
changed  the  discontented  Pittsburgh  "strap  hanger"  into  a  com- 
fortably seated  patron.  The  "stepless  car"  has  filled  a  long  felt 
want  in  New  York.  The  double  decked  cars,  both  in  Pittsburgh 
and  New  York,  are  further  developments  that  are  hailed  with  joy 
by  the  traveling  public,  and  will  undoubtedly  be  widely  used.  It 
is  somewhat  surprising  that  so  many  years  have  elapsed  before  the 
American  railways  have  really  given  serious  attention  to  the  double 
decked  car,  which  has  all  along  been  satisfactorily  used  in  Europe. 
The  explanation  is  probably  in  the  fact  that  the  European  type  of 
car  would  not  meet  American  conditions.  Apparently,  there  have 
been  obstacles  in  the  way  of  the  double  decked  car  for  this  country, 
which  have  prevented  its  use,  until  the  developments  which  are 
contained  in  both  the  Pittsburgh  and  New  York  double  decked  cars 
have  been  made.  The  center  of  gravity  of  these  cars  is  surprisingly 
low,  and  the  roof  of  the  car  is  also  low  by  reason  of  the  ingenious 
arrangement  of  the  seats  on  the  two  floors  and  the  low  ground  floor. 
The  rapid  acceleration  and  braking  usual  in  this  country  will  be  a 
severe  test  on  the  superstructure  of  these  cars.  No  weakness 
should  develop  in  them,  however,  since  the  conditions  are  so  well 
understood  at  this  time. 

The  new  cars  have  naturally  involved  complete  re-design  of 
trucks  as  well  as  motors  and  control  equipment.  All  requirements, 
however,  appear  to  have  been  met  in  an  entirely  satisfactory  manner. 
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The  new  types  of  cars  show  that  the  comfort  of  the  public  is 
receiving  most  careful  attention,  but  this  has  not  caused  the  design- 
ers i"  forget  the  importance  of  economy  of  operation.  The  weights 
oi  the  cars  and  equipments  are  reduced  to  the  lowest  limit  consistent 
with  good  design,  and  the  equipments  adopted  for  them,  consisting 
of  motors  with  held  control  and  the  light-weight  multiple-unit 
equipment  are  qualified  to  give  the  maximum  efficiency  in  operation. 

It  is  interesting  to  note  the  great  progress  made  in  the  intro- 
duction of  field  control  for  railway  motors,  and  the  prediction  is 
freely  made  that  it  is  only  a  question  of  a  very  short  time  until 
everyone  will  demand  it  for  new  equipments.  The  additional  com- 
plication is  negligible  and  the  saving  of  five  to  fifteen  percent  in 
power  consumption  in  city  cars  and  the  advantage  of  using  the 
same  equipments  for  both  local  and  limited  service  on  interurban 
lines  is  sure  to  be  appreciated.  It  must  be  understood,  however, 
that  field  control  must  be  applied  with  a  full  knowledge  of  all  con- 
ditions involved,  or  the  expected  saving  may  not  appear. 

There  is  no  doubt  that  multiple-unit  control  is  making  rapid 
strides  in  city  service.  Its  advantage  is  more  and  more  appreciated 
by  the  operating  companies,  and  the  demand  for  it  is  resulting  in 
many  improvements  in  the  control  itself,  in  the  reduction  in  weight 
and  in  the  simplification  of  the  apparatus.  The  reduction  in  cost  of 
damage  suits  resulting  from  getting  the  controllers  off  the  platform, 
and  the  increased  number  of  cars  that  can  be  operated  on  a  street, 
due  to  operating  them  in  trains,  will  both  be  strong  factors  in  the 
ultimate  substitution  of  multiple-unit  control  for  the  present  almost 
universal  use  of  hand  control  on  city  cars. 

Turning  to  railway  electrification,  we  find  a  steady  progress 
made  in  the  development  of  both  the  high  voltage  direct-current 
and  the  single-phase  systems.  Equipments  have  been  in  successful 
operation  for  some  months  at  1500  volts  direct  current,  and  one 
railway  is  to  be  electrified  with  2400  volts  direct  current.  The  re- 
sult of  this  will  be  awaited  with  great  interest.  The  New  York, 
Xew  Haven  &  Hartford  electrification  is,  of  course,  the  largest 
railway  electrification  scheme  that  is  under  way,  and  it  is  understood 
that  the  operation  of  the  new  straight  single-phase  locomotives  in 
use  there,  will  be  a  much  better  index  as  to  what  the  single-phase 
system  really  can  do,  than  were  the  original  locomotives  built  five  or 
six  years  ago,  which  operate  on  both  direct  and  alternating  current. 
The  use  of  the  twin  motors  on  the  locomotive  described  in  Mr. 
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Webster's  article,  has  met  with  great  success,  and  all  of  the  claims 
that  were  made  for  it  have  shown  themselves  to  be  fully  justified. 

The  opening  of  the  New  York.  Westchester  &  Boston  Railway 
to  service,  has  demonstrated  what  the  single-phase  equipments  can 
do  in  high  speed,  heavy,  suburban  service. 

Great  interest  is  now  evident  in  overhead  line  construction,  and 
the  different  types  which  are  now  in  service  shouid  soon  furnish 
sufficient  data  to  permit  a  degree  of  standardization  t"  be  effected 
which  has  never  yet  been  possible. 

Altogether,  the  developments  in  the  past  year  have  been  very 
important  and  -how  a  most  satisfactorj  condition  of  affairs;  and. 
judging  from  the  present  activity,  the  next  year  will  see  even 
greater  improvements.  X.   W.  Stores 


•    The  article   by    Messrs.    Welsh   and    Phillips,   de- 
The  scribing  the  low   step  type  of  ear   in   service  on 

Pittsburgh  the  Pittsburgh  Railways,  is  of  considerable  in- 
Low  Step  Car  terest  and  value,  as  it  mark-  a  radical  departure 
in  ear-truck  and  motor  design.  During  the  short 
time  in  which  it  has  been  in  service,  this  car  ha-  demonstrated 
that,  as  a  vehicle  for  the  transportation  of  passengers  in  a  con- 
gested city  with  grades  and  other  difficult  operating  problems 
Mich  as  exist  in  the  city  of  Pittsburgh,  it  surpasses  anything 
that  ha-  been  designed  to  date. 

Primarily,  the  objects  of  such  designs  are.  first,  the  comfort 
and  expeditious  ingress  and  egress  of  passengers;  second,  in- 
creased number  of  passengers  accommodated  per  car  movement, 
due  to  increased  seating  capacity,  and  third,  economy  in  power 
consumption  secured  bhrough  material  reduction  in  weight. 

Observation  of  the  car  in  service  makes  it  evident  that  all  of 
these  desirable  features  have  been  secured,  perhaps  even  beyond 
the  expectation  of  its  designers.  Furthermore,  it  i-  such  a  well 
balanced  and  easy  riding  car  that  it  conveys  the  sensation  that 
the  car  is  gliding  along,  it  rolls  so  smoothly  and  noiselessly.  This 
feature  not  only  adds  materially  to  the  comfort  of  passengers,  hut 
the  reduction  in  track  maintenance,  as  well  as  truck  and  motor 
maintenance,  with  the  general  use  of  cars  of  this  type  will  un- 
doubtedly represent  a  saving  of  thousands  of  dollars  annually. 

M.  B.  Lamuert 
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B4  .         ,  .        About  two  years  ago  there  was  a  series  of  wrecks 
Status  of  Au-  „  ,  ,  ,  ,., 

on  trollev  roads  where  the  loss  of  life  was  so  ap- 
tomatic  Sig-        ,,-,,. 

..  palling  that  much  attention  was  attracted,  and  the 

Haling  on  ,  r       ,  ,      , 

.    .         .  prophecy  was   freely  made  that  there  would  be  a 

Interurban  ,....,. 

c.     «.  .    n      .    great  wave  of  signaling  on  trolley  roads  inside  of 
Electric  Roads  ,  ?  .  J 

a   very   short   time.      I  his  prophecy   has   not   been 

realized,  probably  to  the  ultimate  advantage  of  both  the  roads  and 
the  public.  This  lack  of  haste  has  not  been  due  to  a  want  of  ap- 
preciation of  the  importance  of  signaling  on  the  part  of  the  elec- 
tric roads.  On  the  contrary,  they  have  been  manifesting  a  very 
lively  interest  in  railroad  signaling  as  adapted  to  their  conditions, 
and  since  February,  191 1,  their  National  Association  has  had  com- 
mittees studying  the  subject  with  the  object,  not  only  of  puttting 
before  the  members  a  record  of  what  has  been  done,  but  of  stating 
what  is  recognized  as  good  practice  and  recommending  standards. 

The  Association  has  been  particularly  fortunate  in  the  per- 
sonnel of  the  committees  appointed  to  work  on  the  subject,  as  they 
have  comprised  not  only  men  who  are  expert  in  the  management  and 
operation  of  trolley  roads,  but  men  who  are  expert  in  signaling 
practice  as  it  exists  on  steam  and  heavy  electric  traction  roads. 
The  cooperation  between  the  engineers  and  operating  men,  as  evi- 
denced by  the  joint  meetings  of  the  respective  branches  of  the  As- 
sociation for  discussion  of  the  subject,  also  presages  well  for  the 
future. 

The  interest  manifested  has  also  taken  concrete  form  in  a  few 
installations,  only  one  of  which,  i.  e.,  that  of  the  Illinois  Traction 
System,  is  noteworthy  in  the  percentage  of  the  system  signaled. 
Due  partly  to  the  differences  of  conditions  existing  on  the  different 
roads  and  partly  to  the  results  of  the  studies  made  to  provide  ade- 
quate protection  with  minimum  cost,  the  installations  have  differed 
more  or  less,  not  only  in  the  apparatus  but  in  the  schemes  of  signal- 
ing and  circuits  used.  In  this  connection  might  be  mentioned  the 
development  of  light  signals,  arrestive  even  in  bright  sunlight  at 
something  over  maximum  braking  distance;  also  the  development 
of  a  system  of  single  track  signaling  giving  complete  protection 
without  preliminaries  and  a  system  of  signaling  called  "Absolute- 
Permissive." 

The  signaling  of  electric  roads  (other  than  the  heavy  electric 
class),  which  was  so  forcibly  brought  to  the  attention  of  their 
managements  some  two  years  ago,  and  by  the  call  for  legislative 
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action,  involved  many  important  considera  Hie  financial  one 

was,  and  is,  almost  without  exception,  the  most  serious.  Next  in 
importance  was  the  lack  of  familiarity  of  the  majority  of  the  offi- 
cials and  operating  men  with  the  apparatus  and  systems  available 
which  could  give  them  adequate  protection,  and  the  fact  that  thi 
was  at  that  time  only  one  signaling  system,  i.e.,  <>n  part  of  the 
lines  of  the  Beebe  Syndicate,  from  which  they  could  make  deduc 
tions  applying  to  their  own  conditions. 

Trolley  contact  systems  are  not  included  in  the  above  state- 
ment, because  it  is  becoming  the  general  concensus  of  opinion  that 
while  they  have  a  useful  field  as  indicators  of  the  occupancy  of  a 
tion  of  track  where  conditions  are  such  that  it  is  not  necessary 
to  depend  on  them  to  prevent  collisions,  they  are  not  otherwise  suit- 
able tor  automatic  block  signaling. 

By  next  spring  sufficient  operating  data  from  which  to  draw 
conclusions  will  be  available  from  the  installations  now-  in  operation, 
and  standards  will  have  been  decided  upon,  or  at  least  discussed, 
to  an  extent  sufficient  to  have  reduced  the  main  problem  of  signaling 
to  that  of  financing.  L.   FREDERIC  HOWARD 
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E.  M.  HERR 

IT  IS  a  rather  curious  fact  that  the  steam  railroad,  the  industry 
which  has  made  the  greatest  progress  in  the  last  fifty  years, 
and  lias  dour  the  most  to  advance  civilization,  has  thus  far 
benefited  least  by  the  development  of  electricity.  When  the  really 
marvelous  adaptation  of  the  modern  steam  locomotive  to  the  work 
of  transportation  under  the  extremely  varying  conditions  of  rail- 
roading met  with  in  the  world  to-day  is  considered,  it  is  quickly 
seen  that  very  difficult  conditions  must  be  met  by  any  kind  of  mo- 
tive power  ambitious  to  supplant  it.  Having  received  my  early 
training  in  the  motive  power  department  of  a  railroad,  and  spent 
sixteen  years  in  that  and  the  operating  department,  I  fully  appreci- 
ate the  conditions  to  be  met  and  have  no  hesitation  in  saying  that 
the  field  of  applied  electricity  has  as  yet  nothing  to  offer  as  a  sub- 
>titute  for  the  steam  locomotive  in  all  its  applications.  I  have  also 
no  hesitation  in  saying  that  although  the  steam  railroads  have  thus 
far  benefited  less  than  almost  any  of  our  great  industries  by  the 
development  of  electricity,  it  is  certain  that  before  many  years  they 
will,  as  a  whole,  be  greater  users  of  electricity  and  electrical  appli- 
ances than  any  other  industrial  class.  This  being  the  case,  I  re- 
quire no  apology  for  presenting  some  thoughts  on  this  subject  to 
such  a  body  of  potential  electrical  users. 

In  the  beginning  of  electrical  development  its  use  was  as  an 
illuminant ;  the  dynamo  was  connected  by  belting  to  a  convenient 
reciprocating  steam  engine,  often  in  some  plant  where  the  engine 
was  used  for  other  purposes  during  the  working  hours  of  the  day. 
The  dynamos,  or  generators,  were  small,  inefficiently  belted  to  the 
engine,  and  operated  in  a  way  that  still  further  reduced  the  effi- 
ciency of  the  plant.  They  were  only  run  a  few  hours  per  day, 
standing  idle  except  when  electric  light  was  required. 

Xext,  larger,  better  designed  generators  were  produced ;  the 
belting  was  omitted  and  direct  connection  to  a  more  efficient  steam 
engine  resulted,  with  the  engine  often  made  compound  and,  where 
water  was  available,  condensing.  Later,  the  steam  turbine,  with 
its  lower  first  cost,  much  lower  installation  cost,  higher  speed,  and 
greater  economy  made  its  advent.  It  was  still  the  practice  for 
each    large    user    of  electric  power  to  install   his  own  generating 


From  an  address  delivered  at  the  Railway  Guild  Dinner,  May  14,  1912 


ELECTRICITY  ON  RAILROADS  807 

plant,  which  necessarily  was  run  with  a  load  seldom  requiring  the 
full  capacity  of  the  engine  and  generator,  and  therefore  rarely  un- 
der conditions  of  maximum  efficiency.  In  fact  these  installations 
much  of  the  time  ran  at  one-half,  one-third,  or  even  quarter  load 
or  less,  and  were  nearly  always  shut  down  entirely  for  some  por- 
tion of  the  24  hours;  in  other  words,  the  load  factor  of  the  station 
was  extremely  bad. 

As  the  impossibility  of  a  g 1  load   factor  without  divers 

of  load  was  better  understood,  the  smaller  stations  became  con- 
solidated into  larger  power  plants,  furnishing  not  electricity  for 
light  alone  <»r  for  power  used  in  some  special  way,  but  for  light 

and  power  used  in  as  many  ways  and  with  a>  wide  a  spread  as 
possible  during  the  24  hour-.     This  diversity  of  load  resulting  in  a 

high  load  factor  i<  now  being  given  great  attention,  and  most  won- 
derful improvements  in  the  cost  of  producing  electricity  are  ob- 
tained, dlie  load  factor  influences  enormously  the  cost  of  power 
— thus  a  plant  having  a  load  factor  of  one-quarter  (a  condition 
better  than  is  often  met  with  in  a  power  house  supplying  po 
for  a  single  purpose)  has  a  cost  per  kilowatt-hour  about  twice  as 
great  as  would  be  the  case  were  the  load  factor  from  00  to  70 
percent,  a  condition  not  at  all  impossible  with  a  sufficiently  diver- 
sified load. 

The  importance  and  economy  of  a  diversified  load  are  fast 
causing  a  concentration  of  electrical  power  plants  into  enormous 
installations  of  great  centralized  plants,  so  located  as  to  distribute 
power  over  large  areas  at  a  minimum  cost,  resulting  also  in  a  ma- 
terial conservation  of  our  coal  supply,  estimated  by  Mr.  Insull, 
president  of  the  Commonwealth  Edison  Company,  of  Chicago,  at 
upwards  of  200000000  tons  per  annum,  if  the  generation  of 
energy  for  the  different  communities  were  concentrated  in  a  few- 
favorable  localities.  I  quote  further  from  a  paper  recently  read 
by  Mr.  Insull,  before  the  American  Institute  of  Electrical  Engi- 
ncers : — 

"The  concentration  of  the  production  of  energy  for  all  pur- 
poses required  in  a  given  area  of  population  would  result  in  such 
a  saving  of  capital  and  operating  expenses  as  to  provide  for  the 
generating,  equipment,  and  primary  transmission  system-  1 
sary  to  electrify  the  terminal  system-  and  suburban  service  of  all 
the  trunk  lines  centering  in  and  around  any  large  center  of  popu- 
lation, and  particularly  Greater  New  York." 


80S  THE  ELECTRIC  JOURNAL 

Mr.  Instill  further  estimates  that  by  operating  the  power  sys- 
tems in  Greater  New  York  as  a  unit  rather  than  separately,  opera- 
ting expenses  would  be  reduced  by  $i  oooooo  per  year,  and  taking 
into  account  fixed  charges,  depreciation,  and  interest,  the  change 
would  result  in  the  creation  of  about  $60000000  in  value. 

How  does  the  development  of  these  great  modern  central 
power  plants  affect  the  railroads?  1  have  already  said  that  elec- 
tricity has  as  yet  nothing  to  supplant  generally  the  steam  locomo- 
tive. This  does  not  mean,  however,  that  the  electric  locomotive 
has  no  place  on  a  steam  railroad,  or  that  there  are  no  conditions 
under  which  the  steam  locomotive  can  advantageously  be  displaced 
by  the  electric  locomotive.  There  are,  under  present  conditions,  a 
number  of  such,  and  when  the  steam  railroads  furnish  (as  they 
themselves  will  ultimately)  a  great  load  to  the  modern  centralized 
power  plant  which  will  modify  and  so  greatly  improve  the  load 
factor  and  costs  of  producing  power  by  these  great  plants  they 
will  obtain  such  low  costs  and  great  reliability  of  power  that  the 
field  for  the  advantageous  use  of  the  electric  locomotive  will  be 
enormously  extended.  The  rapidly  increasing  requirements  for 
more  and  more  powerful  locomotives,  adapted  to  the  rapid  and 
continuous  movement  of  heavier  trains,  and  the  demand  that  such 
locomotives,  while  enormously  powerful,  shall  be  easier  on  rails 
and  roadbed  than  far  less  powerful  and  less  efficient  steam  loco- 
motives (a  condition  met  by  the  operation  of  several  electric  loco- 
motives by  one  man  through  the  system  of  multiple-unit  control) 
will  still  further  add  to  the  opportunity  for  the  advantageous  use 
of  this  new  power  in  the  transportation  field.  The  railroads  will 
then  buy  electric  power  delivered  on  their  lines  instead  of  coal,  and 
be  saved  the  large  capital  expenditure  required  for  the  installation 
of  power  plants. 

One  place  already  occupied  by  the  electric,  locomotive  is  in  the 
terminals  in  large  cities.  Here,  as  in  many  other  places,  where 
the  application  of  electricity  is  highly  advantageous,  it  was  not  at 
first  the  economies  of  first  cost  or  lower  operating  cost  that  brought 
about  the  change  to  electric  power.  The  electric  locomotive  was 
first  used  in  terminal  work  because  of  the  nuisance  and  discomfort 
of  steam  power  to  passengers  and  others,  and  the  change  was  made 
by  legal  enactment  regardless  of  economy.  Tike  many  other  en- 
forced changes,  so  many  benefits,  not  at  first  apparent,  have  de- 
veloped that  it  is  fast  becoming  evident,  that  the  incidental  advant- 
ages are  so  many  and  so  great  that  in  the  future  no  other  means 
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of  operating  a  great  terminal  in  a  large  renter  of  population  will, 
from  even  purel)   economic  conditions,  be  considered. 

Thus,  in  a  large  city  it  is  now  possible  by  using  electric  loco* 
motives  to  establish  a  great  railway  terminal  in  the  very  center  of 
population  without  annoyance  or  discomfort  to  the  neighboring 
people,  and  with  practically  no  loss  of  the  very  valuable  land  for 
building  purposes,  without  regard  to  the  kind  of  buildings  to  be 
erected,  excepting  that  the  terminal  shall  occup)  the  basement,  or, 
if  desired,  the  sub-basement.  So  clean,  noiseless  and  adaptable  is 
an  electrified  terminal  that  the  occupants  of  the  building  erected 
over  it  know  of  it-  existence  only  by  seeing  the  ebb  and  flow  of 
the  tide  of  humanity  going  and  coming  by  it-  trains.  Again,  the 
electric  locomotive  enables  the  rapacity  of  a  terminal  to  be  greatly 
increased  owing  to  the  greater  rapidity  of  its  movement  over  that 
of  a  steam  locomotive,  and  the  fact  that  the  electric  locomotive 
doe-  not  have  to  he  turned,  coaled,  watered,  have  fires  cleaned  nor 
its  boiler  washed.  This  also  reduces  the  locomotive  equipment 
needed    for  a  given   train   service. 

All  these  advantages  of  the  use  of  the  electric  locomotive  in 
the  terminals  of  large  cities  may  he  conceded,  hut  ohjections  ma\ 
still  he  made  that  the  cost  is  so  high  as  to  be  almost,  if  not  quite, 
prohibitive.  Let  us  consider  this  seemingly  high  cost.  Why  is  it 
that  electricity  has  almost  entirely  supplanted  direct  steam  as  a 
means  of  driving  the  machinery  in  shops,  factories,  and  mills  of 
all  kinds,  notwithstanding  that  the  -team  power  plant  can  he  in- 
stalled for  about  $40  per  horse-power,  while  from  two  to  four 
times  this  amount  per  horse-power  is  required  to  supply  the  cor- 
responding  electric  power  plant?  True  it  is.  that  notwithstanding 
the  higher  first  cost  there  is  a  large  saving  in  direct  operation  by 
electricity  as  compared  with  steam  engines,  hut  this  is  not  the  only. 
or  indeed  the  chief  reason  for  the  change.  The  higher  first  c 
is  more  largely  justified  by  the  possibilities  which  electricity  gi 
of  doing  other  and  better  work,  and  of  obtaining  results  not  in  any 
way  possible  with  steam  power.  When  the  railroads  can  buy  elec- 
tric power  metered  on  their  lines,  at  such  points  as  they  desire  to 
use  it.  which  will  he  furnished  from  large  centralized  power  plant- 
so  arranged  as  to  make  failure  of  supply  practically  impossible 
and  at  a  cost  of  but  a  fraction  of  the  cost  of  power  on  a  steam 
locomotive,  then  the  use  of  the  electric  locomotive  will  be  SO  widely 
and  rapidly  extended  as  i-  now  not  dreamed  of.  nor  under  present 
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conditions  economically  possible.  So  on  railroads  the  advisability 
of  electrification  must  stand  or  fall  on  not  only  the  consideration 
of  the  relative  economy,  capital  cost  and  operating  cost  both  con- 
sidered, but  in  addition  to  this,  (and  often  more  important)  a  prop- 
er judgment  oi  what  economies  and  results  can  be  obtained  by 
electricity  that  steam  cannot  accomplish.  Thus  the  increased  capa- 
city of  a  given  terminal,  together  with  the  utilization  of  valuable 
sites  for  buildings  made  possible  only  by  electrification,  may  alone 
amply  justify  the  increased  cost. 

In  addition  to  the  advantages  mentioned  above,  in  large  ter- 
minals, the  use  of  electricity  on  wharves,  in  freight  houses  and 
properly  designed  auto  trucks  for  delivery  of  freight  to  consignees 
and  collecting  freight  from  shippers,  must  not  be  overlooked.  On 
wharves,  in  freight  houses  and  other  places  where  freight  is  tem- 
porarily stored  or  stopped  in  its  movement  from  one  kind  of  car- 
rier to  another,  electricity  by  its  wonderful  adaptability  to  sub- 
division and  use  in  small  or  large  motors  is  most  advantageous. 
By  a  system  of  telpherage,  properly  designed  and  adapted,  all 
kinds  of  freight  can  readily  and  economically  be  taken  from  car  to 
freight  house  or  wharf,  or  the  reverse,  and  what  is  of  very  great 
importance,  the  entire  space  covered  by  this  system  can  be  econom- 
ically used.  The  statement  has  been  made  that  the  cost  of  moving 
a  ton  of  freight  from  the  point  at  which  it  originates  to  the  rail- 
road car  which  is  to  carry  it  by  rail  to  the  railway  terminal  at  its 
destination,  added  to  the  additional  cost  of-  delivering  it  from  car 
to  the  consignee's  store,  factory,  or  warehouse,  is  as  large  as  the 
entire  charge  for  rail  transportation  for  a  large  proportion  of 
freight  handled  by  rail  which  has  to  be  delivered  and  collected  by 
dray  or  truck.  Why  then  should  not  the  railroads  themselves  ar- 
range to  collect  and  deliver  freight,  especially  package  freight,  at 
terminals?  Here  again  electricity  can  be  of  great  service  in  fur- 
nishing the  power  to  drive  the  telpherage  for  loading  and  unload- 
ing cars  and  supplying  the  motive  power  of  a  fleet  of  auto  trucks 
and  drays  so  handled  as  to  cause  the  minimum  delay  of  freight 
cars  at  terminals  and  the  promptest  delivery  of  package  freight 
at  the  lowest  cost. 

Several  advantageous  uses  of  electricity  in  railroad  service 
have  been  suggested,  and  although  no  attempt  has  been  made,  or 
will  be  made  to  cover  this  field,  for  time  forbids,  there  is  one  fea- 
ture of  this  valuable  agent  in  railroad   service  that  must  not  be 
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omitted,  because  it  is  really  but  little  understood  or  appreciated — 
this  is  the  reliability  oi  electricity  whenvproperly  handled.  I  am 
safe  in  Baying  that  there  is  no  class  ol  machiner)  to-day  that  can 
be  designed  bo  exactly  to  meet  given  condition  trical  ma- 

chinery. Think  of  the  reliability  and  freedom  from  failure  in  the 
electrified  transportation  service  in  and  about  New  York  City. 
Centering  here  are  the  electrically-operated  terminals  of  the  two 
greatest  railroad  systems  "t"  the  world,  the  tram  service  on  both  of 
which,  statistics  show,  is  far  less  sub j  eel  to  interruption  and  delay 
since  operated  electrically  than  under  the  best  results  ever  obtained 
by  steam.  This  is  creditable  and  reassuring  but  how  much  more 
remarkable  and  really  marvellous  are  the  results  obtained  in  the 
operation  of  the  subway  ami  elevated  railroads  of  this  great  city, 
both  of  which  are  operated  with  a  headway  of  trains  absolutely 
impossible  <>f  attainment  with  steam  power,  were  its  use  <>therv. 
possible,  and  with  a  regularity,  precision  and  safety  which  is  one 
of  the  wonders  of  this  wonderful  Age  of  Electricity. 

It  is  really  only  about  twenty  years  ago  since  the  foresight  and 
judgment  of  Mr.  George  Westinghouse  caused  him  to  predict  and 
actively  begin  the  wonderful  development  in  the  use  of  the  alter- 
nating current,  and  by  so  doing  to  call  down  upon  himself  a  storm 
of  criticism  from  many  of  those  then  foremost  in  electrical  de- 
velopment which  might  easily  have  deterred  a  less  courageous 
spirit.  He,  through  his  company,  persisted  in  the  development  and 
exploitation  of  this  system,  sure  of  its  possibilities,  and  was  quick- 
ly followed  by  all  the  others  in  the  field  of  electrical  engineering 
and  manufacture,  for  it  was  seen  to  be  the  real  foundation  upon 
which  the  future  development  of  all  electrical  progress  was  to  be 
made.  Without  the  alternating  current  the  long  distance  trans- 
mission of  power  would  be  impracticable  and  the  use  of  electricity 
for  transportation  of  passengers  and  freight  on  railways  impossible. 

Again,  in  a  notable  address  before  the  Institute  of  Mechanical 
Engineers  of  Great  Britain,  Mr.  Westinghouse  was  the  first  to  call 
attention  to  the  importance  of  the  adoption  of  standards  and  uni- 
form methods  in  the  development  of  railroad  electrification.  The 
necessity  for  this  is  obvious,  under  the  conditions  of  general  inter- 
change of  traffic  universal  in  American  railway  practice,  and 
pecially  in  the  joint  use  of  terminals  by  several  lines,  and  the  rout- 
ing of  passenger  cars  through  and  over  several  connecting  li- 
The  task  of  determining  these  standards  is  one  of  great  difficulty 
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and  complexity,  and  can  only  be  successfully  carried  out  by  a 
commission  selected  ami  employed  by  a  sufficient  number  of  rail- 
roads who  would  accept  the  findings  and  conclusions  of  such  a 
commission,  and  whom  the  other  railroads  interested  would  ac- 
knowledge to  be  entirely  representative.  The  American  Railway 
Association  would  seem  to  be  the  logical  place  to  begin  this  great 
work. 

Finally,  let  me  impress  upon  you  that  there  is  no  longer  a 
question  of  whether  electricity  can  do  the  work  of  broadening,  ex- 
tending, and  improving  the  very  admirable  performance  of  the 
modern  steam  locomotive.  This  has  been  amply  demonstrated. 
The  question  to  be  answered  in  any  specific  case  proposed  is  purely 
the  economic  one  of,  will  it  pay.  Electricity  asks  no  consideration 
on  any  other  basis,  and  would  get  none  if  it  did.  In  determining 
this  question  of  profit  and  loss,  let  me  urge  that  no  narrow  view  be 
taken  but  the  real  possibilities  of  this  wonderful  servant  of  civil- 
ized man  be  carefully  and  thoroughly  weighed,  and  in  order  to  do 
this  that  every  railroad  officer  determine  not  that  he  will  become 
an  electrical  expert,  but  that  he  will  keep  in  touch  with  the  more 
general  and  commercial  features  of  electrical  development  as  re- 
lates to  railroading,  for  only  by  so  doing  will  it  be  possible  for 
him  to  pass  intelligently  upon  the  many  recommendations  which 
will  come  before  him  as  one  of  the  class  of  the  greatest  users  of 
electricity  and  electrical  appliances  in  the  industrial  world. 


THE  PIEDMONT  &  NORTHERN  LINES 

A  RECENT  1500  VOLT  DIRECT-CURRENT  DEVELOPMENT 

H.  D    MURDOCK 

Tl  1 E  Piedmont  &  Northern  is  not  an  intcrurban  system  such 
as  found  throughout  the  greater  part  of  the  country,  but 
a  railroad  system  with  its  own  right-of-way,  low  grades,  long 
radius  curves,  steel  bridges,  brick  and  concrete  buildings,  high  power 
locomotives  for  freight  service,  high  speed  large  capacity  motor  cars 
for  express  and  passenger  service;  in  fact,  combining  the  light  fre- 
quent service  of  the  interurban  with  the  great  capacity  of  the  steam 
railroad — a  complete  railroad  system  using  electricity  as  its  motive 
power. 

A  glance  at  Fig.   I  will  show  the  magnitude    of    the    system 

planned  and  under 
construction  which 
approximates  three 
hundred  miles  of 
main  line.  The  Pied- 
mont section  which 
this  road  is  to  serve 
is  a  rich  agricultural 
region  producing 
large  quantities  of 
cotton  and  tobacco 
and  other  staple 
crops.  It  is  in  this 
section  where  the 
greatest  development 
of  the  manufacture 
of  cotton  goods  has 
taken  place  in  the 
South.  The  cotton  mills  which  are  contributory  to  this  road 
manufacture  annually  hundreds  of  millions  of  yards  of  cot- 
ton cloth,  and  employ  tens  of  thousands  of  operators.  While 
the  manufacture  of  cotton  goods  is  the  leading  industry  of  this  sec- 
tion, the  towns  in  the  northern  portion  are  largely  engaged  in  the 
manufacture  of  furniture.  High  Point,  N.  C,  is  a  close  rival  of 
Grand  Rapids  in  the  furniture  industry.  While  this  section  will 
produce  a  very  good  passenger  business,  it  is  the  freight  traffic  that 
will  be  the  greatest  revenue  producer.    A  very  complete  scheme  of 


FIG.  I — MAP  OF  PIEDMOXT   SYSTEM 
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side  tracks  have  been  worked  out  for  various  industries  along  the 
line.  Connections  with  the  steam  trunk  lines  have  been  made  at 
advantageous  points,  for  the  interchange  of  traffic. 

ST  \  [TONS    AND   BUILDINGS 

\  complete  set  of  standard  station  designs  has  been  worked 
out  for  the  entire  system.     Fig.  2  shows  the  freight  station  at  Char- 


FIG.    2 — CHARLOTTE   FREIGHT    STATION    AND    DIVISION    OFFICE 

lotte  with  division  offices.  A  combined  freight  and  passenger  station 
is  shown  in  Fig.  3.  This  station  is  located  at  Mt.  Holly  and  is  104 
feet  long  and  22  feet  wide,  and  has  two  waiting  rooms,  an  agent's 


FIG.  3 — PASSENGER  AND  FREIGHT   STATION   AT   MT.   HOLLY 

office,  and  a  baggage  and  freight  room.  These  two  general  designs 
are  used  with  standard  modifications  to  meet  the  requirements  of 
the  various  towns  and  cities.  In  the  construction  of  these  stations 
hard  red  brick  is  used  in  the  walls  up  to  the  water  table,  and  the/ 
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balance  of  the  wall  is  built  of  unit  cement  brick;  the  roof  1-  of  red 
tile  of  the  <  Orleans  pattern.  This  unit  cement  brick  is  a  standard 
building  material  with  this  Company  and  is  used  in  all  of  its  new 
buildings.  This  cement  brick  i>  made-  by  pouring  a  mixture  of 
Portland  cement  and  crushed  granite  into  an  iron  mold  and  curing 
the  bricks  in  a  kiln  under  a  pressure  of  live  -tram.  It  is  claimed 
that  this  method  of  manufacture  produces  a  cement  practically 
moisture  and  fire-proof  and  of  great  strength. 

TR.V  KS    \M>  BRTJDGl  - 

The  tracks  of  this  system  are  all  on  private  right-of-waj  which 

has  been  carefully  selected  to  avoid  severe  grades  and  curve-.     The 

highest  grades  do  not  exceed  one  percent  and  the  sharpest  curves  six 


FIG.   4 — LONG  CREEK    BRIDGE 

degrees.  To  secure  these  low  grades  and  easy  curves  in  a  country 
which  is  generally  hilly  a  great  amount  of  grading  has  been  done — 
over  1  000  000  yards  of  earth  were  handled  in  grading  the  first 
twenty  mile  section  out  of  Charlotte.  This  section  has  required  the 
most  grading  of  any  built  up  to  date,  however  the  estimates  on  the 
Greenville-Spartanburg  section  call  for  a  greater  amount  of  grading 
than  the  Charlotte-Gastonia  section.  Work  on  the  Greenville-Spar- 
tanburg section  is  now  under  way. 

The  rails  used  weigh  80  pounds  per  yard  and  are  of  standard 
cross-section,  and  laid  on  white  oak  ties.  The  track  is  ballasted  with 
fine  gravel  taken  from  the  right-of-way.  Electric  welded  rail  bonds 
are  used  exclusively. 

All  bridges  and  viaducts  have    concrete    abutment-  with  steel 
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spans  designed  to  carry  the  heaviest  freight  traffic  with  a  large  mar- 
gin ot  safety.  The  bridge  over  the  Catawba  river  at  Mt.  Holly  is 
570  feet  long  and  50  feet  high;  the  highest  bridge  on  the  system 
is  the  one  over  the  South  Fork  of  the  Catawba  at  McAdenville, 
which  is  100  feet  high  and  460  feet  long. 

OVERHEAD   CONSTRUCTION 

The  single  catenary  construction  is  used  throughout  the 
system.  The  trolley  line  consists  of  No.  0000  grooved  hard- 
drawn  copper  wire  arid  a  7-16  inch  steel  messenger  cable.  The 
trolley  wire  is  suspended  every  30  feet  from  the  messenger  by  hang- 
ers. The  brackets  are  of  rolled  steel  of  T  cross-section  and  are 
placed  so  as  to  give  a  clearance  of  21  feet,  6  inches  between  trolley 
wire  and  rail.  The  line  poles  are  native  chestnut,  35  feet  in  length 
with  8  inch  tops,  and  are  set  8  feet,  9  inches  from  centre  of  track. 
The  poles  are  spaced  150  feet  on  tangents  and  on  curves  the  spacing 
varies  from  90  to  120  feet. 

The  insulators  for  supporting  the  messenger  cable  are  tested 
for  17  000  volts;  all  guy  and  anchor  wires  are  insulated  with  special 
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FIG.  5 — FEEDER   SYSTEM  AND   METHOD  OF   SECTIONALIZING 

wood  strain  insulators.  All  feeders  are  No.  0000  equivalent  alumi- 
num and  are  carried  on  the  same  poles  as  the  trolley.  The  feeders 
and  trolley  are  sectionalized  between  sub-stations,  as  shown  in  Fig. 
5  The  middle  disconnecting  switch  is  located  at  a  point  where  it 
can  be  operated  by  a  station  agent  upon  advice  from  the  dispatcher. 
Under  normal  conditions  all  switches  are  closed. 

Lightning  arresters  are  installed  at  intervals  of  about  one-half 
mile.  They  are  provided  with  a  special  switch  and  fuse.  The 
switch  provides  safety  in  making  inspections  and  repairs,  and  the 
fuse  protects  the  arrester  in  case  of  abnormal  discharges. 

The  telephone  lines  are  in  duplicate  and  are  carried  on  the  line 
poles.  All  train  dispatching  is  done  by  telephone.  The  selector 
system  of  ringing  is  used  thus  avoiding  the  confusion  of  code  ring- 
ing. The  system  is  used  at  all  sidings  by  the  means  of  a  semaphore 
selector  and  telephone  equipment  which  are  mounted  on  the  same 
iron  post  in  a  weatherproof  box,  making  the  apparatus  self-con- 
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tained.  The  dispatcher  can  throw  the  semaphore  to  danger  at  any 
siding,  the  crew  signaled  calls  the  dispatcher  and  upon  his  a<h 
clears  the  signal,  thus  giving  the  dispatcher  means  of  blocking  and 
getting  into  communication  with  any  train  on  the  road.  Every 
train  carries  a  portable  telephone  set  with  extension  pole  so  that 
connections  can  be  made  at  any  point  along  the  line. 

SUB-STATIONS 

All  the  power  for  the  operation  of  the-  Piedmont  &  Northern 
lines  i.s  furnished  by  the  Southern  Tower  Company,  with  the  excep 
tion  of  that  for  one  600  kilowatt  sub-Station  at  Anderson,  S.  C, 
which,  is  supplied  by  a  local  power  company.  The  high  tension 
lines  of  the  Southern  Power  Company  cover  the  entire  territory  to 
be  traversed  by  the  lines  of  this  railway  system.     Power  is  supplied 


FIG.  6 — SUB-STATION   AT  BELTON 

for  the  present  operations  by  ten  500  kilowatt  synchronous  motor- 
generator  sets  and  one  600  kilowatt  set  driven  by  an  induction  mo- 
tor. Each  motor-generator  set  consists  of  a  720  horse-power,  three- 
phase,  60  cycle,  2400  volt,  900  r.p.m.  self-starting  synchronous  mo- 
tor, having  coupled  to  each  end  of  its  shaft  a  250  kilowatt,  750  volt 
compound-wound  commutating  pole  generator.  A  6.5  kilowatt,  125 
volt,  exciter  is  direct  connected  by  a  flanged  coupling  to  one  of  the 
250  kilowatt  generators.  All  four  machines  are  mounted  on  a  com- 
mon bed-plate,  thus  making  a  very  compact  generating  set.  The 
two  750  volt  direct-current  generators  are  connected  in  series  to 
deliver  1500  volts,  which  is  the  trolley  voltage  of  this  system.  These 
generators  have  excellent  commutating  characteristics  and  will  eas- 
ilv  commutate  200  percent  overloads.     The  synchronous  motors  are 
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started  by  the  use  of  an  oil  immersed  auto-starter  switch — a  special 
auto-transformer  is  used  where  the  station  transformers  have  no 
low  voltage  taps.  The  held  of  the  motor  is  short-circuited  through 
the  exciter  armature  in  starting.  These  sets  can  he  started  very 
quickly — they  have  been  started  from  rest  and  1500  volts  put  on 
the  line  in  35  seconds.  Each  substation  is  provided  with  a  Tirrill 
regulator,  which  is  designed  to  control  the  power-factor  automatic- 
ally by  varying  the  voltage  of  the  exciter  and  thus  changing  the  field 
strength  of  the  motor  as  required. 

The  switchboards  are  black  finished  marble  mounted  on  angle- 
iron  frame  work.     All  switches  and  circuit  breakers  carrying  1500 


FIG.   7 — INTERIOR   VIEW   OF  BELTON    SUB-STATION 

Showing  motor-generator  sets  and  transformers. 

volts  are  placed  well  out  of  the  reach  of  operators  and  are  connected 
to  the  operating  handles  by  insulated  rods.  The  only  switches  in 
normal  reach  of  the  operator  are  the  no  volt  motor  field  switches. 

The  1500  volt  feeders  are  protected  by  electrolytic  lightning 
arresters.  These  arresters  are  connected  direct  to  ground  and  have 
a  very  small  charging  current  flowing  all  the  time. 

The  substations  are  located  wherever  possible  in  existing  trans- 
former stations  of  the  Southern  Power  Company  so  that  the  2400 
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volt  current  for  the  synchronous  motors  can  be  taken  direct  from 
their  power  distributing  switchboard,  and  at  the  same  time  the  en 
tire  power  1 'input  can  be  placed  in  rare  of  one  set  of  operators.  At 
points  where  the  present  transformer  stations  of  the  Southern 
Power  Company  would  not  give  proper  distribution  of  power,  new 
stations  have  been  l>uih.  The  sub-stations  along  the  line  are  placed 
from  15  t"  -'5  miles  apart  to  meet  the  varying  traffic  conditions  and 
points  of  delivery  of  power  by  the  high  tension  lines.  So  far  sub- 
station- have  been  in-tailed  at  I  [oskins,  <  lastonia,  ( ireenv  ille,  Belton, 
Anderson  and   1  )■  >\\  ns. 

LOCOMOTIVES  AND  CARS 

The  present  motive  power  equipment  consists  of  six  55  ton 


FIG.   8 — INTERIOR   VIKW   OF   BELTON    SUB-STATION 

Showing  switchboard  arrangement. 

electric   locomotives,   23  passenger    motor  cars  and   eight    express 
motor  ear-. 

Passenger  Cars  The  motor  cars  have  a  total  seating  capacity 
of  68  persons,  and  are  60  feet  in  length  and  nine  feet,  one  inch 
wide.  The  cars  are  divided  into  four  sections: — a  baggage  com- 
partment, 9  feet,  S  inches  long;  a  negro  compartment,  S  feet;  the 
main  compartment.  25  feet ;  a  smoking  compartment,  1 1  feet,  and 
a  vestibule,  4  feet. 
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The  interior  of  the  cars  is  finished  in  selected  mahogany,  ex- 
cept the  baggage  compartment,  which  is  finished  in  ash.  The  seats 
in  the  main  and  negro  compartments  are  upholstered  in  plush,  and 
those  in  the  smoking  compartments  are  upholstered  in  leather.  In 
order  to  make  the  negro  compartment,  which  is  situated  next  the 
baggage  section,  accessible  without  passing  through  the  main  com- 
partment, steps  similar  to  those  used  on  the  rear  platform  have 
been  provided  for  by  using  an  ingenious  combination  trap  door  in 
connection  with  the  sliding  baggage-room  door.  The  cars  are 
heated  by  electric  heaters  which  take  current  direct  from  the  1500 
volt  trolley. 


FIG.   9 — TWO   CAR    TRAIN    AT   CATAWBA    RIVER   BRIDGE 

The  passenger  and  express  car  equipments  consist  of  four  corn- 
mutating  pole  motors  rated  at  no  horse-power  at  750  volts.  The 
gear  ratio  of  the  passenger  cars  is  23  :54  and  of  the  express  cars 
16:61.  The  weight  of  the  motor  is  4150  pounds.  The  armature 
of  this  motor  is  insulated  for  very  high  voltage.  Mica  has  been 
largely  used  in  insulating  all  conductors  from  ground  and  the  clear- 
ance of  all  live  parts  to  ground  is  greater  than  in  ordinary  prac- 
tice. The  passenger  cars  are  designed  for  single-end  operation. 
The  general  character  of  apparatus  is  about  the  same  as  for  the  lo- 
comotives, except  that  the  number  of  switches  is  reduced  on  account 
of  less  capacity  and  smaller  number  of  running  points. 
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Express  Cars  The  eight  cars  of  this  type  are  50  feet  l<»ng,  9 
feet  2  inches  wide,  and  [3  feet  6  inches  from  rail  to  top  of  running 
1m. ard     The  car,  fully  equipped,  weighs  40  tons,     'I  i  trs,  as 

well  as  the  passenger  cars,  arc  equipped  with  radial  M.C.B.  couplers 
so  that  they  can  be  coupled  to  standard  steam  cars. 


FIG.  10 — EXPRESS  AND  BAGGAGE  CAR 

Locomotives — The  locomotives  are  of  the  steeple  cab  type  ar- 
ranged for  double-end  operatibn  and  weigh  55  tons  complete.  The 
over-all  length,  face  to  face  of  coupler-,  is  35  feet,  length  of  body  ,}-' 
feet  height  from  rail  to  top  of  cab  [2  feet.  They  have  two  swivel 
truck-  each  7  feel.  4  inch  wheel  hase,  while  the  total  wheel  base  is 
25  feci.    The  locomotives  are  equipped  with  four  commutating  pole 


FIG.    II — LOCOMOTIVE  AND   FREIGHT  TRAIN   AT    MT.    HOLLY 

Showing  feeder  sectionalizing  switch. 

motors,  rated  at  185  horse-power  each  at  750  volts.  The  motors  are 
cooled  by  forced  ventilation  so  that  they  have  a  large  continuous 
capacity. 

Forced  ventilation  for  the  main  motors  is  obtained  by  mounting 
a  blower  on  an  extension  of  the  dynamotor  shaft.     The  dynamotor 
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is  thus  made  to  serve  three  separate  purposes: — operating  air  com- 
pressor, furnishing  y^o  volt  power  for  lights  and  control  circuits, 
and  forced  ventilation  for  the  motors.  A  considerahle  amount  of 
space  has  been  saved  by  this  arrangement.  As  there  is  a  dynamotor 
in  each  end  of  the  locomotive  a  duplicate  air  and  control  current 
supply  is  provided  and  increased  capacity  for  handling  heavy  trains. 
The  total  weight  of  the  electrical  equipment  is  approximately 
37000  pounds.  The  locomotive  air  brake  equipment  is  the  double- 
end  type,  with  two  compressors,  each  having  a  capacity  of  35  cubic 
feet  per  minute. 

The  well  known  hand-operated  unit  switch  control,  which  has 
been  so  successfully  used  on  600  volts  equipments,  has  been  modi- 
fied to  meet  the  requirements  of  the  higher  voltage  used.  These 
modifications  are: — more  switches  in  series,  greater  insulation  dis- 
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FIG.    12 — SEQUENCE    OF    SWITCHES    AND    SCHEMATIC   CONTROL    DIAGRAM    OF 
PASSENGER  AND  EXPRESS  CARS 


tances  and  creepage  distances,  more  powerful  blowout  action  to 
extinguish  the  high  voltage  arcs,  and  larger  chambers  for  gas  ex- 
pansion, making  the  switch  group  slightly  larger  than  for  a  corre- 
sponding 600  volt  equipment.  The  positive  opening  of  the  switches 
by  heavy  springs,  and  the  heavy  constant  contact  pressure,  irre- 
spective of  line  voltage,  due  to  the  use  of  compressed  air  for  actu- 
ating the  unit  switches,  makes  this  type  of  control  very  satisfactory 
for  high  voltage  work. 

It  will  be  seen  from  the  main  diagram  for  a  motor  car,  Fig.  12, 
that  the  four  motors  are  connected  in  pairs,  the  two  motors  of  each 
pair  being  permanently  connected  in  series,  making  two  motors  a 
unit  in  the  matter  of  control.  The  line  switches  act  as  overload 
circuit  breakers.  A  very  liberal  number  of  points  has  been  provided 
on  the  locomotive  controllers  so  that  the  motors  can  be  worker! 
close  to  the  rail  adhesion  limit.     The  locomotives  are  provided  with 
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train  line-  "jumpi         o  that  two  or  more  locomotives  can  be  op< 
ated  as  i  >ne  unit. 

A  dynamotor  has  been  one  of  the  special  features  of  hij^li  volt 
age  car  equipments  in  the  past  and  its  use  has  been  confined  t'>  fur- 
nishing current  for  lighting  and  control,  and  in  many  cases  current 
for  the  air  compressor  motor.  The  dynamotor  used  on  this  equip 
ment  performs  all  of  these  functions  and  in  addition  operates  tin- 
air  compressor  by  means  of  a  multiple  disk  clutch,  thus  eliminating 
the  compressor  motor. 

The  dynamotor  armature  has  two  separate  windings  on  the 
same  core,  each  connected  to  a  commutator.     Each  armature  wind- 
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FIG.    13 — DYNAMOTOR    WIRING    DIAGRAM 


ing  is  in  series  with  half  the  series  field  and  these  armatures  and 
fields  are  in  series  with  each  other  on  1  500  volts,  thus  giving  a  half 
voltage  tap  at  a  point  between  the  two  field  windings,  as  shown  in 

I*  ig.  13.  A  -hunt  held  winding  is  connected  across  the  low  voltage 
armature  to  maintain  the  speed  approximately  constant.  The  speed 
on  750  volts  is  approximately  the  same  as  on  1500  volts,  thereby 
maintaining  the  air  compressor  capacity  on  the  lower  voltage.  The 
changer-over  -witch.  Fig.  14,  is  held  in  the  I  500  volt  position  by 
a  spring,  so  that  if  anything  should  happen  to  interrupt  the 
supply  of  either  the  air  or  current  controlling  this  -witch  it  will  re- 
turn automatically  to  the  high  voltage  position,  which  is  safe  for 
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both  voltages.  These  dynamotors  are  rated  at  13  kilowatts  and, 
in  addition  to  driving  the  compressors,  furnish  current  for  all 
lights  and  control.  As  the  dynamotor  runs  continuously  the  com- 
pressor is  connected  to  it  by  means  of  a  multiple  disk  clutch,  which 
is  operated  pneumatically  by  an  air  governor  to  cut  the  air  com- 
pressor in  and  out  as  required. 

The  first  1200  volt  or  "high  voltage"  direct  current  railway 
installation  in  this  country  was  that  on  the  Indianapolis  &  Louis- 
ville Traction  Company  lines  in  Indiana  which  was  put  into  regular 
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FIG.    14 — WIRING    DIAGRAM    OF   DYNAMOTOR 
CHANGE-OVER    SWITCH 

The  dynamotor  starting  switch  is  gov- 
circuits  the  starting  resistance  after  the 
erned  by  a  time  limit  relay,  which  short- 
dynamotor  comes  up  to  speed. 

operation  in  October,  1907.  This  was  a  complete  success  from  an 
operating  standpoint  and  quite  a  number  of  successful  installations 
have  been  made  since.  The  Piedmont  &  Northern  is  the  first  road 
to  operate  at  1500  volts  and  now  has  65  miles  of  road  in  operation. 
The  performance  of  the  equipment  shows  that  1500  volts  is  as  easily 
handled  as  1200  volts,  and  in  fact  has  given  no  more  trouble  than 
600  volts,  which  would  seem  to  indicate  that  the  limit  of  "high  volt- 
age" direct-current  railway  operation  has  not  yet  been  reached. 
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THE  PITTSBURGH* LOW   FLOOR  CAR 

J.   W.  Welsh.   Ele.trU.il   Engineer  and  F.   I<".   Phillip!     Snpt.  Ol   Equipment 

Pittsburgh   kallu.i  .my 

IX  the  tall  of  1910  the    Pittsburgh    Railways   Compan)  put  into 
service  a  two-car  train  of  exceptionall)   larj  ipacit) 

to  accommodate  the  heavy  traffic  of  tin-  morning  and  evening 
rush  hour  periods.  The  novel  feature  of  this  tram  was  the  double- 
truck  trailer,  tin-  general  « 1  c- -» i l^ 1 1  of  which  is  described  below. 

Gl  NERAL    ll   \  l  i   ' 

While  tlii'-  car  was  first  operated  a-  a  trailer,  it  was  designed 
for  use  a-  a  motor  car,  this  depending  upon  tin-  development  "t  a 
small  motor  capable  "t"  operating  mi  a  wheel  diameter  "i  22  or  -' \ 

inches.  The  special  points  in  the  design  of  the  ear  body  are:  the 
low  Boor,  the  center  entrance  and  exit,  the  arrangement  of  seats 
continuously  around  the  sides  and  ends  of  the  car,  a  continuous 
floor  from  end  to  end  of  car,  the  absence  of  all  bulk-heads  or  par- 
titions within  the  car  body  and  the  absence  of  heavy  platform 
knees. 

The  desirability  of  a  low-floor  car  is  obvious,  as  ii  makes  en- 
trance and  exit  much  easier  by  reducing  the  number  and  heighl  oi 
steps.  The  absence  of  heavy  platform  knees  results  in  a  very  light 
car.  By  means  of  the  center  entrance  and  exit,  the  average  dis- 
tance from  the  doors  to  the  >cats  is  greatly  reduced.  This  shortens 
the  time  required  for  loading  and  unloading,  and  is  an  important 
factor  in  maintaining  schedules,  particularly  in  a  car  of  large  scat 
ing  ami  standing  capacity.  Furthermore,  there  is  le^s  crowding  in 
the  aisles  of  the  car  since  only  half  the  people  on  the  car  use  the 
aisle  at  each  end  of  the  car.  instead  of  all  using  the  same  aisle  as  in 
the  ordinary  car.  Another  advantage  is  the  rapid  unloading  dur- 
ing the  rush  hour  in  the  terminal  district  by  the  simultaneous  use 
of  both  entrance  and  exit  doors  for  this  purpose.  As  the  con- 
ductor is  stationed  between  both  entrance  and  exit  doors  he  can 
control  their  use  according  to  the  requirements  of  the  serein. 

The  seating  arrangement  secures  a  maximum  seating  capacity 
for  a  given  length  of  car.  This  is  in  part  due  to  the  use  of  what 
would  be  the  platform  space  at  the  ends  of  the  car  for  seats  and 
in  part  by  the  use  of  removable  seats  at  the  center  of  the  car  where 
the  entrance  and  exit  doors  are  located  when  the  car  is  operated  in 
the  reverse  direction.  The  actual- number  of  seats  secured  can  be 
increased  in  this  car  by  changing  the  arrangement  from  longitud- 
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inal  to  cross  seats,  or  by  the  use  of  an  intermediate  longitudinal 
scat  in  the  center  aisle. 

The  continuous  low   floor  within  the  car  body  facilitates  the 
movements  oi  passengers  and  reduces  the  possibility  of  accidents. 


FIG.    I — GENERAL   VIEW   OF   LOW    FLOOR    MOTOR  CAR  AND  TRAILER 

The  work  of  both  motorman  and  conductor  is  made  more  com- 
fortable as  they  are  at  all  times  protected  from  the  weather. 

CONSTRUCTION   OF  CAR  BODY 

In  the  construction  of  the  car,  steel  is  the  principal  material, 
the  only  wooden  parts  being  the  roof  framing,  sash,  doors  and 
flooring.  The  sides  of  the  car  are  constructed  on  the  principal  of 
a  plate  girder.     The  lower  or  tension  member  consists  of  a  3  by 
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FIG.    2 — SIDE   VIEW    OF    LOW    FLOOR    CAR 

Showing  center  entrance  and  exit. 

2J/2  by  Y%  inch  rolled  steel  angle.  The  side  sheathing  consists  of 
inch  specially  rolled  open  hearth  steel  plates  and  forms  the 
web  of  the  girder  extending  from  the  side  sill  to  the  belt  rail.  It 
is  made  in  sections  covering  the  space  between  two  posts  and  at 
the  joints  %  inch  steel  splice  plates  are  used. 


THE  PITTSBURGH  LOW  FLOOR  CAR 

Special  provision  Had  to  be  made  to  accommodate  the  lai 
opening  for  the  center  entrance  and  exit  doors,     rhis  was  secured 
by  dropping  and  reinforcing  the  side  sill  angles  under  the  doorv 
and  providing  a  rolled  steel  channel  header  across  the  top  <>f  tin- 
doorway.     A    tru        tructure    i-   thus    formed   consisting  <>f   this 

iaiu  i    I     OKKERA1    DIMI  \M"\>  oi    I   \i:   BOD1 

1 1 -i  gth     ■••  r  buffers    .                    .......                                       46  ft.  o  in. 

Mli  at  bait  rail    B  ft  -  In. 

li    .                                                '          l (t  ft.  6  in. 

Height  fr ■  nr  rail   t.>   Boor   1.  \.  1 2  ft,  0  in. 

Height  from  rail  to  t >•  > 1 1 ■  ■                                                      LS  In. 

Height  from  ra:l  to  Bide  sill  at  bolster 2  ft.  o  In. 

Height  fr  m  bottom                -  n  to  to]               ft  in. 

•  rs 'J  1     ft.       s    in. 

II.  k-i  I   from  rail  to  top  "f  side  pill  at  ning .  .  17   In. 

Height  fr  'in  •  ng  to  floor  level 18  in. 

W  •  igfat      U  '!'  lit       II    000     His. 

header  above  the  door,  the  double  posts  at  either  side  of  the  door- 
way and  the  depressed  side  sill  below.  The  side  sills  are  depressed 
for  a  suitable  length  to  accommodate  the  pockets  of  the  sliding 
door-,  and  the  width  of  this  depressed  portion  is  just  sufficient  for 
the  single  step  employed  between  the  car  level  and  the  ground. 
The  general  dimensions  of  the  ear  are  given  in  Table  T. 

TRUCKS 

The  trucks  of  this  ear  are  noteworthy  for  their  low  height, 
compactness  and  absence  of  trimmings.  Light  weight  was  one  of 
the  chief  end-  soughl  for.  In  spite  of  the  rigid  simplicity  character- 
istic of  the  design,  the  ear-  arc  notable  for  their  easy  riding  qualities. 
There  is  furthermore  no  unusual  jarring  in  going  over  special  work. 

I  \i:i  i:  li     ci  \i  i:  w.   DIMENSIONS  OF  TR1  •  K 

W '  ■     .'.ft.       0  in. 

8   ft.      2  "i  in. 

Distance   fr.  m   rail   t  ir) 19  ">■ 

I '  tmeter  of  wheels    in. 

.r.    ft.      IVl  ir.. 

W  .ipht  of   truck   with   wheels    and    axl.     

although  it  might  be  reasoned  that  a  greater  fall  would  occur  in 
this  case,  owing  to  the  -mailer  wheel  diameter  As  a  matter  of 
fact,  however,  the  increase  in  this  fall  amounts  to  only  rx  inch  at 
a  distance  of  three  inches  from  the  perpendicular  line  through  the 
wheel  center,  when  comparing  a  34  inch  wheel  and  24  inch  wheel. 
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As  a  result  oi  lowering  the  center  of  gravity  one  foot, 
three  inches  by  means  of  these  trucks,  there  is  a  considerable  re- 
duction of  the  swaying  motion  as  compared  with  the  standard  type 
of  car.     The   truck   construction    is    of    the    arch-bar  or   diamond 


FIG.    3 — INTERIOR    OF    LOW    FLOOR    CAR 

Showing  seating  arrangement. 

frame  type.  The  general  dimensions  of  the  truck  are  given  in 
Table  II.  The  upper  side  member  consists  of  a  three  inch  chan- 
nel (5  lbs.  per  foot)  and  the  bottom  member  is  a  3  by  }i  inch  bar. 


I 


FIG.    4 — VIEW    OF     STANDARD    AND     SPECIAL    TRUCKS 

Showing  comparative  sizes  of  trucks  provided  with  24-inch  and  34-inch 

wheels. 

The  transoms  are  six  inch  channels  O0.5  lbs.  per  foot)  and  the 
truck  bolster  is  of  the  truss  type  made  up  of  a  seven  inch  channel 
I  14.75  "jS-  Per  fo°f  '  an0"  a  5)4  by  24  inch  bar.  The  journal  boxes 
are  made  for  3^4  by  7  inch  journals  and  arc  rigidly  bolted  to  the 


THE  PITTSBURGH  LOW  FLOOR  CAR 


side  members  withoul  springs.     The  trucks  are  designed  for  anor- 
mal  center  pin  load  of  17500  lbs.,  with  a  factor  of  safetj  of  7. 


I. AN    01    l     OF    APPAR  VTUS 


As  mi^lit  in-  imagined  on  a  low  floor,    light    weigh!    car    of 
thi-  description  one  of  the  difficulties  was  to  find  suitable  location 
for  tin-  electrical  ami  air  brake  apparatus.    There  is  no  doubt  that 
.1  considerable  saving  in  weighl  ran  be    1   iired  on  many  cars  of 


PIG.    5 — COMPARATIVE    VIEW    01    WHEELS    AND    MOTORS 

ordinary  design  by  a  more  economical  design  "i"  the  various  hang- 
ers,  as  well  as  l>v  a  more  suitable  arrange  iunt  <>\  the  underframing 
to  accommodate  apparatus  without  the  use  of  hangers.  The  power 
circuits  under  the  ear  are  carried  in  iron  conduits.  These  conduits, 
a-  well  a-  the  air  brake  piping,  are  carried  between  the  center  sills 
through  openings  provided  in  the  cross  -ill  members.  The  motor 
and  resistance  wire-  are  made  up  in  standard  four  conductor  cabl 
with  a   -eparate  conduit    for  each  cable.     This  provides  an   inde- 


FIG.    ')     COMPARATIVE    VIEW    (DIAMETERS)    OK    REGULAR    AND    SPECIAL    ARMATURES 

pendent  circuit  t"  each  motor  and  two  circuit-  for  the  grid  resist- 
ance. The  control  wire-  for  the  contactor  are  also  carried  in  con- 
duit. 

MOTORS 

Probably  the  most  interesting  and  most  important  element  of 
this  equipment  i-  the  "baby"  motor.  It  was  laid  out  along  the  fol- 
lowing lines : — 

The  most   radical   change   from   the   standard   consists   in   the 
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elongation  of  the  motor  dimensions  along  the  axis  of  the  armature; 
the  introduction  of  a  fan  blower  on  the  pinion  end  of  the  armature; 

TABLE  lH — COMPARISON  OF  CHARACTERISTICS  OF  SPECIAL 
\\i>    STANDARD   motors 


Motor  Special 

Type    number    W — 328 

Horse-power    30 

Speed   at   full   l;ad,    r.p.ni 585 

Weight  of   motor   only,    lbs 1480 

Weight)   per  horse-power    49.3 

Weight    of    armature,    lbs 377 

Ratio    diameter    to    length 77 

Wheel   diameter,    inches    24 

Height  of  top  of  frame  above  rail,  inches 2h  M 

Gear    ratio    3.56 

Gear  and   wheel   reduction .r>.02 


Standard 

W— 306 

50 

578 

2400 

48 

608 

147.5 

34 

30 1/4 

4.60 

4.60 


the  use  of  heat  proof  insulation  in  armature  and  fields.     The  de- 
sign and  operating  characteristics  of  the  motor  can  probably  be  best 

appreciated  by  a  comparison  with  the 
standard  motor  which  it  replaces,  as 
given  in  Table  III. 

The  most  striking  feature  of  this 
design  is  the  ratio  of  diameter  to  length, 
which  is  practically  one-half  on  the 
smaller  motor  as  compared  with  the 
standard.  The  full-load  speed  and  the 
weight  per  horse-power  are  practically 
identical. 

Some  of  the  operating  characteris- 
tics, including  data  on  the  cars  are  given 
in  Table  IV. 

The  saving  in  rheostatic  loss  for 
each  accelerating  period  is  the  difference 
between  2.82  watthours  per  ton  and  2.04 
watthours  per  ton,  or  about  27.5  per- 
power  expended  in  developing  the 
stored  energy  of  the  rotating  armatures  and  wheels  is  the 
difference  between  10.4  watthours  and  3.8  watthours  or  6.6 
watthours  for  each  period  of  acceleration.  The  same  result  is  ob- 
tained by  comparing  the  actual  foot  pounds  of  stored  energy. 
This  is  23  800  foot-pounds  in  case  of  the  standard  and  8  260  foot- 
pounds in  case  of  the  special  motor,  and  the  difference  of  15  520 
foot  pounds  is  equal  to  2.35  horse-power  if  developed  in  12  seconds. 


FIG.  7 — COMPARATIVE  VIEW 
(LEXGTH)  OF  REGULAR 
AND  SPECIAL  ARMATURES 


cent.      The     saving 


in 


THE  PITTSBURGH  LOW  /■/.now  CAR 


831 


The  characteristic  curves  of  these  two  motors  are  shown  in  Figs. 
s  and  9,  where  the  comparison  is  made  between  the  same  pero 

TABLE   IV-    OPERATING    CHARACTERISTICS    01     SPECIAL    IND    STANDARD 

t    IRS    \M>    MOT 


Special   Motor     Standard   Uotoi 

weight    equipped,    U'> BOO 

Car    we  g-hl    loaded,    Iba 13  1 67  100 

Numb<  1    ol    pi         .  

Accelerating  rati      mllea  per  )  1  r.  per  see 1.6  1.6 

Total   tra<  live  effort,  pei   ton.   Iba 170  17" 

Amperes    i"  r   motor   for  acceleration 77.0 

e  in  se<  onda  accelerating  on  rheostatt 

.    1  '-.*  in  «.itt  hours  pei  cai   pei  acceleration 

Same  in  watt-hours  per  ton  for  each  acceleration 2.04 

Torque    for    armature    stored    energy    al     1.6    miles    pei     hr. 

per  sec 

Torque  fir  armature  ami   wheel   -- 1 •  >  1 « • . t  energy 15.8  4-.:* 

Amperes  per     pound   torque 0.159  0.1  iv 

Imperes  for  armature  and  wheel  stored  energ) 2.8 

Watthours  for  stcred  energy  of  rotation  foi  each  acceleration.  10.4 

Actual  al  gy  of  rotation  at  18  milea  per  In.  in  f<>('tll'> .  -  ■•-u  23  800 


FIG.    8 — CHARACTERISTIC    CURVES    OF    30    AND    OF    50    HORSE-POWF.K 

MOTOR 

age  of  full  load  current  in  each  case. 

A  more  correct  comparison  between  the    load    and    speed    is 
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shown  in  the  "Speed-Torque"  curves.  In  this  case  the  tractive 
effort  developed  by  each  motor  is  based  on  the  actual  weights  of 
the  cars  on  which  they  are  operated.  Since  these  weights  are  in 
the  ratio  of  57  100  lbs.  to  43000  lbs.  the  50  horse-power  motor 
must  develop  a  tractive  effort  of  1330  lbs.  when  the  30  horse-power 


FIG.    9 — COMPARISON    OF    SPEED-TORQUE    CURVES 

motor  is  developing  1  000  lbs.     In  this  way  the  speeds  of  the  equip- 
ments are  compared  on  an  actual  operating  basis. 

RESULTS    OF   TESTS 

A  number  of  actual  tests  have  been  made  on  these  equipments, 
a  few  of  which  are  given  in  Table  V.  These  test  figures  when 
compared  with  similar  figures  for  standard  cars  and  equipment 
sh<  >w  a  considerable  power  saving.  Aside  from  the  other  desir- 
able features  of  this  car,  the  general  comment  of  the  public,  and 

TABLE    V— COMPARISON  OF   WATT-HOURS    PER   TON   MILE 

Special  Car  ami    Motor 

Fraiikstown     (no    trailer)     139 

■ter   and   Negley    (trailer)    125 

-    iith    Highland     ( trailer)     118 

North    Highland    (no   trailer)     130 


of  railway  men  and  engineers  who  have  had  an  opportunity  to  ride 
on  it  while  in  service,  is  the  remarkable  smoothness  of  operation. 
One  prominent  engineer  stated  that  it  rides  as  though  it  had  rub- 
ber tires. 

The  car  is  covered  by  patents  held  by  Mr.  P.  N.  Jones,  general  superin- 
tendent, and  other  patents  are  pending.  The  development  of  the  "baby" 
motor  was  made  at  the  expense  of  the  Pittsburgh  Railways  Company,  whose 
officials  were  unable  to  get  any  manufacturer  to  assume  the  expense  of 
bringing  out  such  a  motor. 


THE  NEW  YORK,  WESTCHESTER  &  BOSTON 
RAILWAY  SYSTEjW 

A  NEW  It  000  VOLT.  SINGLE-PHASE  INTERURBAN  ELECTRIC  RAILWAY.  WITH 
MULTIPLE-UNIT  OPERATION  OF  CARS 

PICTURE  a  suburban  electric  railroad  whose  inception,  de- 
sign and  realization  have  had  behind  them  the  most  mod- 
ern ideas  and  methods;  a  road  equipped  for  safe  high 
speed  operation  with  dense  traffic,  and  running  through  sections 
which,  though  developed,  have  been  practically  without  immediate 
railroad  facilities;  a  road  without  grade  crossings,  buill  through 
a  rolling  country  with  scarcely  any  part  of  it  following  the  natural 
level,  yet  with  no  grades  exceeding  one  percent  except  at  one  con- 
necting point  and  one  terminal  and  one  has  a  view  of  the  New 
Y<»rk.  Westchester  \  I'.oston  Railway  System  which  reveals  its 
importance  and  some  of  its  possibilities. 

A  company  bearing  the  present  name  was  organized  under 
the  laws  of  the  State  of  Xew  York  to  build  a  railway  from  the 
Harlem  River  through  what  was  then  Westchester  comity,  now 
the  Bronx,  thence  to  Port  Chester,  with  a  branch  line  from  Mt. 
Vernon  to  White  Plains,  and  another  branch  through  Clason  Point 
to  Throgg's  Neck,  ddie  franchise,  which  was  granted  by  the 
Board  of  Aldermen  of  the  City  of  Xew  York  about  the  middle  of 
the  year  1904,  specified  in  its  requirements  that  the  company 
should  construct  and  operate  a  four-track  railway  over  a  route 
therein  specified  in  the  Borough  of  the  Bronx,  by  mean-  of  elec- 
tricity or  other  mechanical  motive  power  except  -team,  subject  to 
certain  conditions  therein  set   forth. 

Another  company,  the  Xew  York  and  Port  Chester  Railroad 
Company,  was  also  organized  under  the  laws  of  Xew  York  State, 
t'>  build  a  railway  over  a  route  substantially  the  same  as  the  Xew 
York,  Westchester  &  Boston  Railway  Company,  except  that  there 
was  no  branch  line  to  White  Plain-,  and  the  Bronx  branch  ended 
at  Clason  Point.  In  May.  1906,  a  franchise  was  granted  by  the 
City  of  Xew  York,  including  the  right  to  cross  certain  street-  and 
highways,  to  construct  and  operate  a  railway  by  means  of  elec- 
tricity or  any  other  mechanical  motive  power  which  might  be  law- 
fully employed,  except  steam  locomotive  power,  in  the  Borough  of 
the  Bronx.  City,  County  and  State  of  X'ew  York.  The  Public 
Service  Commission  on  December  [6,  1909,  issued  an  order  per- 
mitting and  authorizing  the  X'ew  York.  Wc-tchester  &  Boston 
Railway  Company  and  the  Xew  York  &  Port  Chester  Railroad  to 
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consolidate,   subject  to  certain  conditions 


FIG.    1 — MAP  OF    NEW   YORK   CITY   AND   SUBURBAN 
DISTRICT   NORTH 

Showing    territory    served    by    New    York, 
tchester  arid  Boston  Railway. 


which  were  accepted  by 
the  new  company,  the 
new  organization  to  take 
the  name  of  the  former 
company. 

TERRITORY    SERVED 

An  inspection  of  the 
outline  map,  Fig.  i, 
sho  w  s  the  territory 
served,  which,  outside 
of  New  York,  comprises 
the  cities  of  Mt.  Ver- 
non, and  New  Rochelle 
and  the  towns  and  vil- 
lages of  North  Pelham, 
Scarsdale,  East  Chester 
and  White  Plains.  The 
terminal  of  the  New 
York,  Westchester  & 
Boston  is  at  the  Harlem 
River  where  connections 
are  made  with  the  fast 
express  and  local  trains 
of  the  Second  and  Third 
Avenue  elevated.  From 
thence  north  the  tracks 
of  the  Harlem  River 
branch  of  the  New 
York,  New  Haven  & 
Hartford  Railroad  are 
used  in  common  as  well 
as  the  stations  at  Port 
Morris,  Casanova,  Hunts 
Point  and  Westchester 
Avenue.  With  its  own 
right  of  way  from  this 
point  north,  the  West- 
chester System  has  four 
tracks   from   New  York 
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into  Mt.  Vernon  and  double  tracks  beyond  on  the  main  line  and  the 
White  Plains  branch.  From  a  point  near  the  present  Wesl  Farms 
station  on  the  joint  tracks,  the  New  York,  Westchester  &  Boston 
Railway  diverges  from  the  Harlem  River  branch  of  the  New 
Haven  road,  and  makes  its  first  independent  stop  in  the  transfer 
station  at  [80th  Street  near  the  eastern  border  of  Bronx  Park. 
Here  connection  will  be  made  with  the  West  Farms  branch  of  the 
[nterborough  Subway,  and  in  that  vicinity  with  the  tracks  of  the 
Triboro  route,  when  built,  allowing  quick  transfer  for  all  points 
reached  by  them.  From  the  point  of  connection  with  the  four 
main  tracks  of  the  Harlem  River  branch  of  the  New  Haven  system 
near  174th  Street.  New  York  City  to  Mt.  Vernon,  the  four  track 
section  is  6.8  miles  in  length.  At  Mt.  Vernon  it  separates  into 
two    double    track    lines   one    extending   eastward    approximately 

_M  miles  to  New  Rochelle,  where  it  ennccts  again  with  the  New 
Haven  system,  and  the  other  continuing  northward  for  9.4  miles 
to  White  Plains.  From  Mt.  Vernon  to  White  Plains  the  line  is  al- 
most parallel  with  the  New  York  Central,  and  is  separated  from  it 
about  1.5  mill  The  junction  point  of  the  White  Plains  branch 
and  the  line  to  New  Rochelle  is  just  north  of  the  Columbus  Ave- 
nue station.  The  distance  from  the  Harlem  River  station  to  the 
North  Avenue  station  at  New  Rochelle  is  12.J3  miles.  In  general 
the  rapid  transit  routes  in  \\restchester  county  run  north  and  south 
and  are  controlled  by  the  New  Haven  and  New  York  Central 
Railroads.  Cross  country  connections  are  afforded  by  electric 
street  railroads,  so  that  this  territory  is  now  admirably  provided 
with  transportation   facilities. 

SERVICE    AND    SCHEDULES 

One  of  the  primary  ideas  in  this  project  was  that  adequate 
facilities  should  be  furnished  for  the  transportation  of  passeng 
in  the  territory  served  by  the  Westchester  System.  While  the 
minimum  number  of  trains  that  may  be  operated,  and  the  hours 
of  service,  have  been  regulated  by  law,  the  initial  service  inaugu- 
rated by  the  company  is  far  in  excess  of  the  minimum  require- 
ments stipulated  in  the  franchise. 

Stations  on  the  four  track  and  New  Rochelle  sections  are 
at  intervals  of  approximately  one-half  mile,  while  on  the  White 
Plains  branch  stations  are  about  one  mile  apart.  The  express 
stations,  of  which  there  are  seven,  are  approximately  two  and  one- 
half  miles  apart.  The  average  speed  of  trains  including  stops  is 
37  miles  per  hour  for  express  trains,  allowing  25  seconds  for  each 
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stop,  and  approximately  22  miles  per  hour  for  local  trains,  allow- 
ing  15  seconds  for  each  stop. 

The  equipment  of  the  road  and  the  construction  of  the  right 
of  way  throughout  provides  for  the  heaviest  kind  of  suburban 
traffic  with  multiple-unit  cars.  A  normal  maximum  running 
speed  of  57  miles  per  hour  is  provided  for.  To  handle  such  traffic 
with  safety  and  without  delays,  the  system  is  provided  with  high- 
ly perfected  block  signaling  and,  in  addition,  a  complete  equip- 
ment for  telephone  communication  between  stations  and  between 
the  interlocking  towers  at  switching  points. 

An  inspection  of  the  schedule  of  trains  shows  a  total  of 
nearly  60  north-bound  and  60  south-bound  locals  and  about  50 
north-bound  and  50  south-bound  express  trains  on  the  four  track 
section  between  the  Harlem  River  station,  New  York  City,  and  the 
East  Third  Street  station,  Mt.  Vernon.  Thus,  in  the  main,  the 
locals  and  express  trains  are  operated  alternately  throughout  the 
day.  There  is  little  diminution  in  the  service  on  Sundays.  From 
1  :oo  A.  M.  to  4:00  A.  M.  trains  will  not  be  required  to  be  operated 
for  the  first  five  years.  Between  Mt.  Vernon  and  New  Rochelle 
and  between  Mt.  Vernon  and  White  Plains  all  trains,  whether  ex- 
press or  local,  make  all  stops.  A  striking  feature  of  the  schedule 
of  trains  is  that  throughout  the  day,  north-bound  locals  and  ex- 
presses are  due  to  arrive  and  south-bound  locals  and  expresses  to 
leave  the  East  Third  Street  station,  Mt.  Vernon  at  the  same  time, 
passengers  being  permitted  to  change  from  local  to  express  trains 
and  vice  versa  at  this  point.  The  express  service  between  Mt. 
Vernon  and  New  York  City  is,  for  example,  16  minutes  as  against 
28  minutes  for  local  service  according  to  the  running  time  of  one 
period  of  the  day,  while  at  another  period  the  express  service  is 
about  17  minutes  as  against  27  minutes  for  local  service,  the  dis- 
tance between  the  Harlem  River  station  and  East  Third  Street, 
Mt.  Vernon,  being  scheduled  as  9.85  miles. 

In  general,  a  south-bound  express  from  White  Plains  is  fol- 
lowed by  an  express  from  New  Rochelle,  and  a  local  from  White 
Plains  by  a  local  from  New  Rochelle.  The  average  time  between 
locals  and  likewise  the  average  time  between  express  trains  is  20 
minutes.  In  other  words,  the  schedule  is  so  arranged  that  a  local 
train  from  White  Plains  going  south  reaches  the  East  Third  Street 
station,  Mount  Vernon,  at  the  same  time  as  an  express  train  from 
New  Rochelle,  and  vice  versa.  Thus,  each  branch  service  supple- 
ments that  of  the  other  and  gives  a  ten  minute  express  service 
to  New  York,   with   the  alternate   expresses  on  a  twenty  minute 
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headway,  and  the  local  service  on  a  twent)  minute  headway.  The 
corresponding  schedule  for  north-bound  trains  provides  for  an  < 
press  tram  to  Nevt  Rochelle  ever)  fort)  minutes  and  a  correspond- 
ing train  to  White  Plains  at  Easl  Third  Street  station  ever)  f< 
minutes.  Likewise  there  is  a  local  tram  alternately  to  New 
Rochelle  and  White  Plains  ever)  forty  minutes.  The  schedules  are 
based  on  the  plan  that  local  trains  will  consist  of  one  car  each 
and  express  train-  of  three  cars  each,  the  ear-  being  designed  to 
seat  78  passengi 

The  regular  service  will  eventually  be  based  on  a  fifteen 
minute  headway  for  both  express  and  local  train-  on  each  branch. 
This  will  give  a  headway  of  seven  and  one-half  minutes  both  foi 
the  express  and  the  local  trains  on  the  four  track  section  between 
New  York  and  Mount  Vernon.     It  is  planned  to  run  on  the  same 

headway   practically   all   day  both   on   week   day-   and   holida. 

According  t"  a  stipulation  in  the  franchise  granted  the  a  impany, 
the  fare  within  the  city  limits  of  New  York  during  the  first  twenty- 
five  years  of  operation  must  not  exceed  five  cents  for  < ok-  continu- 
ous ride  from  any  point  on  the  road  to  any  other  point  thereon 
or  branch  or  connection  thereon.  In  connection  with  the  traffic 
operation  of  the  road  as  a  whole,  the  system  is  segregated  into  eight 
five-cent  fare  zones,  with  tickets  of  distinctive  color-  for  the  re- 
spective zone.  To  cover  five  cent  rides  between  stations  locate! 
in  two  adjacent  zones,  two-color  tickets  are  issued,  the  colors  in 
each  case  being  those  of  the  adjoining  zones.  After  purchase  of 
a  ticket  at  a  given  station,  it  is  inspected  and  punched  by  an  at- 
tendant at  the  turn-stile  before  entering  the  car.  but  it  is  not  col- 
lected until  after  leaving  the  car  at  the  station  of  destination. 
This  method  provides  a  novel  means  of  avoiding  the  annoyance 
of  ticket  inspection  en  route,  a  system  which  has  been  successfully 
used  abroad.  The  total  fare  between  Harlem  River  station  and 
White  Plains  is  35  cents.  A  system  of  sixty-ride  commutation 
tickets  is  also  in  effect. 

RIGHT   OF    WAN'.    STRUCTURES    AND    BUTLDIN 

As  this  system  follows  a  new  route-  from  Mt.  Vernon  north 
with  a  private  right  of  way.  it  was  possible  to  provide  for  a  type 
of  track  construction  which  would  be  in  line  with  the  mosl  mod- 
ern approved  methods.  This  is  an  essentially  important  point,  in 
view  of  the  high  speed  of  operation  and  the  heavy  traffic  condi- 
tions under  which  operation  will  eventually  have  to  be  maintained 
when  the  territory  through  which  the  line  runs  becomes  fully  de- 
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\  eloped.  Relatively  expensive  types  of  construction  have  been 
used  but  with  the  prospect,  in  the  long  run,  of  minimizing  the 
cost   for  up-keep. 

The  Company  now  has  under  operation  a  total  of  17  miles 
of  its  own  right  of  way.  As  the  country  traversed  is  very  un- 
even,  the  majority  of  the  line  is  made  up  of  cuts  and  fills  or 
special  structures.  The  cuts  comprise  seven  miles,  mostly  through 
solid  rock  and  of  an  average  depth  of  16  feet;  the  fills  amount  to 
over  nine  miles,  the  average  depth  being  14  feet.  For  the  fills, 
large  rock  was  used.  The  road  is  rock  ballasted  throughout.  The 
track  is  laid  with  90  lb.  steel  rails  on  creosoted  pine  ties,  tie  plates 
being  used  except  on  tangents.  There  are  no  grades  over  one  per- 
cent with  the  exception  of  the  approach  to  the  four  track  connection 
with  the  New  Haven  Road  at  174th  Street  and  the  White  Plains 
terminal.  Curves  do  not  exceed  four  degrees  except  approaching 
certain  express  stations,  at  which  points  the  speed  is  reduced.  The 
entire  right  of  way  is  protected  by  a  substantial  iron  fence.  This 
railway  represents  in  its  roadbed,  stations,  equipment  and  motive 
power  the  highest  standard  of  road  construction  known  to  date. 

Included  in  the  special  structures  which  were  necessary  in 
completing  the  right  of  way  is  a  four  track  subway,  the  construc- 
tion of  which  was  required  by  franchise.  The  owners  of  the 
property  in  this  section  had  arranged  to  build  a  street  over  the 
roof  of  the  structure.  The  length  of  this  subway  is  3940  feet. 
There  are  two  four  track  steel  viaducts ;  the  longer  of  these  is  lo- 
cated at  1 80th  Street  and  is  2100  feet  in  length.  It  crosses  seven 
streets  and  forms  part  of  the  180th  Street  station.  The  four  track 
viaduct  at  the  Columbus  Avenue  crossing  over  the  New  York,  New 
Haven  and  Hartford  right  of  way  includes  a  bridge  with  1 16  foot 
girders.  The  two  track  viaduct  is  near  the  Fifth  Avenue  station, 
Pelham.  on  the  main  line  north  of  Mt.  Vernon.  In  order  to  elim- 
inate all  grade  crossings,  45  steel  railway  bridges  and  22  highway 
crossings  have  been  required.  The  bridges  comprise  1 1  percent 
of  the  roadbed.  Four  concrete  arches  had  to  be  constructed.  The 
largest  highway  crossing,  at  North  Avenue.  New  Rochelle,  is  138 
feet  in  length. 

In  the  construction  of  the  stations  most  pleasing  results  have 
been  obtained.  Many  forms  of  construction  were  necessary  be- 
cause of  the  difference  in  level  of  the  track  relative  to  the  natural 
ground  level.  In  each  case  the  entrance  to  the  station  is  on  the 
street  level,  the  station  building  being  under  or  over  the  track,  as 
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may  be  required,  at  railway  and  street  bridges.     A  number  of 
tions  have  electric  elevators  to  facilitate  traffic  between  the  plat 
forms  an<l  the  street.     Three  distincl   types  of  architecture   v. 
follow  ril    according    to    environments.     The  opinion   has  been   1 
pressed  that  the  passenger  stations  and  signal  towers  constitute  the 
mosl  attractive  group  of  way  structures  to  be  found  on  any  el< 
trie  or  steam  road  in  this  country.     Jt  is  evident  thai  the  companj 
wished  to  erect  buildings  which  would  combine  beauty  and  utilitj 
and    add    to,  rather  than  detract   from,  the  developments  of  the 
surrounding  secti  >ns. 

The  stations  and  platforms  are  of  fire  proof  concrete  con- 
struction as  it  was  determined  upon  careful  investigation  that 
structures  of  this  design    would    be    much  more  permanent   and 

could  be  maintained  at  less  expense  than  any  other  possible  tv;  ■ 
With  a  further  view  to  the  expected  development  of  the  territory 
the  stations  have  in  many  cases  been  made  of  larger  size  than 
actually  required  in  order  to  allow  for  additional  space  for  rental 
purposes.  Thus  many  of  the  stations  have  cafes  and  various 
other  stores  in  addition  to  the  usual  news  and  confectionery 
stands.  In  some  cases  the  local  real  estate  agencies  make  their 
headquarters  here 

POWER    SUPPLY 

Power  for  the  operation  of  the  Westchester  Road  is  supplied 
by  the  Cos  Cob  power  station  of  the  New  York.  New  Haven  & 
Hartford  Railway,  which  i-  about  13  miles  from  the  junction 
point  of  the  two  roads  northeast  of  New  Rochelle.  Connection 
is  made  to  the  high  voltage.  25  cycle,  single-phase  feeders  which 
supply  power  to  the  main  line  of  the  New  Haven  Railroad. 
Certain  of  the  feeder  circuits  follow  the  four  track  section  south 
from  the  Columbus  Avenue  station.  Mount  Vernon,  while  others 
follow  the  two  track  branch  to  White  Plains.  At  the  Cos  Cob 
station  the  power  is  generated  three-phase  and  normal  line  voll 
is  maintained  by  means  of  a  Tirrill  regulator  which  controls  the 
voltage  of  one  phase  only.  The  remaining  phases,  however,  are 
also  loaded  by  operating  motor  driven  elevators,  pump-,  el 
Three-phase  lines  supply  the  power  for  these  motor-  For  the 
lighting  of  Stations,  -'5  cycle  power  is  supplied  from  feeder-,  and 
local  direct-current  loads  are  supplied  at  several  points  by  means 
of  rotary  converters. 

OVER H HAD   CONSTRUCTH 
In  the  selection  of  tiie  high  voltage,   single-phase  system,  the 
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New  York.  Westchester  &  Huston  engineers  had  the  benefit  of  the 
operating  experience  on  the  New  Haven  system.  As  a  result  of 
this  experience  the  entire  overhead  construction  of  the  present 
-  stem  represents  the  incorporation  of  only  those  features  which 
have  been  successfully  proven  by  actual  service.  The  catenary 
suspension  system  is  of  much  simpler  form  than  the  original  New 
Haven  designs,  and  a  much  higher  factor  of  safety  as  regards 
continuity  of  operation  and  general  freedom  from  line  troubles  has 
been  introduced  and  the  catenary  bridges  have  been  made  much 
lighter  ami  cheaper  without   sacrifice  of  necessary  strength. 

Compound  Catenary  Construction — The  overhead  construction 


PIG.  _' — COMPOUND   CATENARY   TYPE  OF  OVERHEAD  CONSTRUCTION   FOR   SUP- 
PLYING   IIOOO  VOLT.  25   CYCLE.    SINOI.E-PHASE  POWER 

is  identical  with  that  used  for  the  new  Harlem  branch  of  the  New 
Haven  system.  A  form  of  catenary  construction  illustrated  in 
Fig.  2  is  the  type  used  throughout  the  majority  of  the  system. 
It  will  be  noted  by  referring  to  this  illustration  that  there  are  two 
messenger  cables  used  for  each  track,  one  a  seven-eighths  inch 
branded  steel  cable,  serving  as  a  main  supporting  cable  carried 
over  the  top  of  the  catenary  bridges  to  which  direct  attachment  is 
made  by  means  of  iron  clamps.  The  main  supporting  cables  are 
therefore  grounded.  The  supporting  bridges  are  spaced  300  feet 
apart  on  all  tangents.  At  curves,  and  at  certain  overhead  crossings 
the  spacing  is  reduced,  the  minimum  spacing  at  curves  being  200 
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feet.  At  all  curves  of  over  four  degrees,  auxiliary  pull-off  po 
are  erected  in  order  to  provide  for  the  required  side  strain,  [nti 
mediate  between  bridges  these  cables  support  two  three-inch  [-beams 
spaced  150  feet  apart  and  attached  to  them  by  means  "t'  triangular 
clamps.  For  the  four  track  section  the  [-beams  are  of  sufficient 
length  to  span  the  four  track-.  The  catenary  construction  for 
each  trolley  wire  is  supported  from  these  cross  beams  bj 
means  of  double  petticoat  insulators,  which  stand  a  dry  tesl  of 
110000  volts,  thus  introducing  a  very  high  factor  of  safetj  for 
the  line  insulation,  a  feature  which  has  been  found  t<>  be  not  only 
expedient,  but  very  successful  as  a  means  "t'  reducing  line  troubles 


FI<  lUND  CATENARY   CONSTRUCTION    AT   • 

and  simplifying  the  problem  of  lightning  protection.  For  the 
catenary  construction  proper,  a  five-eighths  inch  stranded  cable  is 
used.  From  this  catenary  cable  a  horizontal  No.  0000  grooved  cop- 
per wire  i-  hung  by  mean-  of  vertical  hangers  of  different  lengths, 

-paced  ten  feet  apart.  <  me  and  three-quarters  inches,  center  to 
center,  below  the  copper  wire  is  hung  a  No.  0000  grooved  si 
contact  wire.  The  two  wire-  are  connected  at  ten  foot  intervals  by 
means  of  clips  so  spaced  that  they  will  he  midway  between  the 
hangers  from  the  supporting  cable.  This  type  of  construction 
comhines  the  necessary  flexibility  and  conductivity  of  the  contact 
wire  with  strength  of  construction.  At  curves  a  special  type  of 
offset  hanger  is  employed,  a  variation   from  the  method  employed 
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on  tangent  construction  being  that,  instead  of  the  hanger  being  lo- 
cated between  clips,  the  hanger  is  attached  directly  to  the  clip.  In 
this  way  the  vertical  alignment  of  the  copper  conductor  and  steel 
contact  wire  is  maintained  independent  of  side  strains.  The  re- 
quired flexibility  is  still  obtained  in  view  of  the  angular  position 
of  the  hangers.  The  details  of  a  typical  section  of  overhead  con- 
struction at  curves  are  shown  in  Fig.  3. 

Low  bridges,  which  have  previously  been  a  problem  to  engi- 
neers in  maintaining  insulation,  have  been  adapted  to  the  catenary 
construction  by  being  made  a  part  thereof.  Previous  construc- 
tions  have    made    it    necessary    to    insulate   the   messenger  cable, 


FIG.    4 — COMPOUND   CATENARY    LOW-BRIDGE    CONSTRUCTION 

The  main  supporting  cable  is  clamped  directly  to  the  bridge  beams,  the 
secondary  catenary  being  suspended  from  insulators  attached  to  cross  beams 
on  each  side  of  the  bridge.  The  copper  conducting  wire  and  trolley  contact 
wire,  and  the  secondary  catenary  which  supports  them  are  thus  entirely  clear 
of  the  bridge. 

which  of  course  takes  up  needed  space  in  the  equipment  of  low 
bridges.  The  simplification  of  this  problem,  when  the  compound 
type  of  catenary  construction  as  now  installed  is  employed  will  be 
evident  from  Fig.  4.  Much  attention  has  been  given  to  the  loca- 
tion and  maintenance  of  the  contact  wires  directly  over  the  center 
of  the  tracks. 

Design  of  Bridges — The  design  of  all  bridges  is  based  in  gen- 
eral  upon  the  assumed  condition  of  all  wires  being  coated  with 
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one-half  inch  of  ice.  The  wind  load  was  then  assumed  to  be 
>ix  lbs.  per  square  fool  of  projected  area,  including  the  coating  of 
ice,  or  twenty  lbs.  with  the  bare  wire.  With  a  suitable  factor  of 
safety  this  gave  a  very  substantial  construction,  especially  as  the 
two  assumed  conditions  would  hardly  be  apt  to  be  present  simul- 
taneously. 

Circuit  Breakers — Circuit  breakers  are  located  in  the  feeder 
circuits  at  New  Rochelle  Junction,  at  which  place  connection  is 
made  to  the  supply  circuits  of  the  New  Haven  system,  and  also  at 
points  midway  on  the  four  track  section  and  the  White  Plains 
branch.  These  circuit  breakers  serve  to  disconnect  the  feeder  cir 
cuits  at  their  respective  points  of  location  but  do  not  operate  di- 
rectly on  overloads.  The  control  wire,  which  furnishes  power  for 
tripping  the  feeder  and  sectionalizing  breakers  in  case  of  excessive 
current,  extends  along  the  main  four  track  line  and  along  the 
White  Plains  branch  and  connects  with  the  Cos  Cob  station.  Here 
the  main  overload  relay  connections  are  such  that  a  certain  amount 
of  resistance  is  automatically  connected  in  series  with  the  railway 
feeders  prior  to  the  energization  of  the  control  wire.  In  this  way, 
the  maximum  current  due  to  a  short-circuit  is  limited  and  a  short- 
circuit  on  the  line  causes  only  the  circuit  breakers  adjacent  to  the 
fault  to  open,  thus  localizing  the  trouble.  The  line  circuit  breakers 
are  in  each  case  located  on  overhead  anchor  bridges. 

Sectionalizing  circuit  breakers  are  located  at  the  terminals  of 
the  four  track  section  and  at  the  ends  of  the  two  double  track  sec- 
tions, the  sections  in  each  case  being  cross-connected  at  the  ends 
by  a  bus-wire  which  extends  the  length  of  the  anchor  bridge.  By 
means  of  the  line  disconnecting  breakers  and  feeder  sectionalizing 
breakers  the  road  is  divided  into  sections.  Thus,  any  section 
can  be  cut  out  of  service  in  order  to  make  repairs.  No  live  line 
repair  work  is  done,  in  view  of  the  high  voltage  and  the  presenc 
of  overhead  grounded  wires.  After  a  section  is  disconnected,  and 
before  repair  work  is  started,  the  line  is  grounded  directly  to  the 
rail  by  means  of  a  wire  as  a  further  protection. 

Ligliting  of  Stations — Power  for  the  lighting  of  stations  is 
obtained  by  means  of  transformers  which  are  installed  in  dupli- 
cate at  each  station  and  which  reduces  the  voltage  to  1 10.  An 
emergency  service  is  also  to  be  provided  for  in  the  underground 
section  north  of  Morris  Park.  Air  compressors,  elevators  and 
motors  for  other  service  required  along  the  line  are  operated  by 
means  of  three-phase  power  transformed  from  the  high-tension 
power  supply  lines. 
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Maintenance  Car— For  the  use  of  the  line  maintenance  de- 
partment a  gas-electric  repair  car  is  provided.  This  car  is  equip- 
ped with  a  revolving  jib  crane  with  a  lifting  power  of  ten  tons  to 
three  tons,  depending  upon  the  position  of  the  hook  in  the  boom. 
There  is  also  an  elevating  platform  arranged  with  four  arms  so 
as  to  give  parallel  motion  and  keep  the  platform  horizontal,  inde- 
pendent of  its  elevation.  This  platform  is  operated  by  means  of 
the  motor  driven  crane  hook.  The  boom  can  be  swung  sidewise 
so  as  to  make  working  possible  on  the  track  adjacent  to  the  one 
on  which  the  car  stands.  The  maximum  speed  of  this  car  is  ap- 
proximately 30  miles  per  hour. 

ROLLING    STOCK 

The  initial  equipment  of  the  road  consists  of  28  steel  passen- 
ger coach,  multiple-unit  cars  and  two  steel  combination  passenger 
and  baggage,  multiple-unit  cars  arranged  for  operation  on  11  000 
volt,  25  cycle,  single-phase  alternating  current.  These  cars  are 
designed  to  afford  unusual  protection  against  accident,  as  the  main 
shock  resisting  members  practically  enclose  the  entire  space  oc- 
cupied by  passengers.  The  construction  employed  leaves  the  un- 
der side  of  the  car  body  free  for  the  convenient  arrangement  of 
the  electrical  equipment. 

As  the  station  platforms  throughout  the  Westchester  system 
are  constructed  so  that  they  will  be  on  a  level  with  the  car  floor, 
entrance  to  the  cars  both  at  the  end  and  the  middle  doors  is  ob- 
tained without  steps.  However,  as  the  cars  are  to  be  used  on  the 
Xew  Haven  Road  where  the  station  platforms  are  not  raised,  a 
flight  of  three  steps  is  provided  under  the  entrances,  at  the  ends, 
these  being  covered  by  trap  doors.  The  end  and  center  side  doors 
are  operated  pneumatically  by  means  of  electric  control  switches 
located  in  the  vestibules.  The  coaches  are  approximately  70  feet 
in  length,  9  ft.  7)4  in.  wide  and  13  ft.  y/2  in.  high,  from  rail  to 
roof.  Thirty-five  car  seats  and  four  short  longitudinal  seats  ad- 
jacent to  the  side  doors  give  the  car  a  seating  capacity  of  78  pass- 
engers. The  design  of  the  combination  cars  is  similar  except  that 
a  compartment  about  16  feet  in  length  is  provided  at  one  end  for 
baggage,  there  being  4  ft.  3  in.  sliding  doors  at  each  side  for  this 
compartment.  In  these  cars  the  seating  capacity  is  reduced  to  54 
passengers. 

The  car  weight  as  equipped  for  electrical  operation  is  ap- 
proximately 120000  lbs.     A  general  view  of  the  regular  motorcar 
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completely  equipped,   is  shown   in 


Fig. 


and  an   interi<  >r   \  iew   is 


shown  in  Fig.  <>.  The  steel  construction  used  for  these  cars  re- 
quires special  provision  for  heal  insulation,  a  material  being  used 
which  has  proven  successful    for  such  purposes.     Fifteen  of   the 


PIG.    5 — N.    V.    W.    a    B.    RY.     I  I  OOO   VOLT,   _'5   CYCLE,    SINGL1     PHAS1     M B    <  Al< 

Showing  arrangement  of  middle  and  vestibule  side  d'»>rv  Tin-  two 
motors  are  carried  "n  the  truck  at  the  right-hand  end;  the  other  truck  is 
without  uii>t<>rs.  With  all  electrical  and  braking  equipment  installed,  tin-  ap- 
pearance of  the  car  indicates  its  light,  open,  yet  substantial  construction.  The 
control  is  arranged  for  multiple  operation  in  trains. 

cars  are  provided  with  one  type  of  ventilation  system  and  the  bal- 
ance of  tlie  present  equipment  with  a  second  type  in  order  t<>  de- 
termine the  comparative  effectiveness    of    the    two    systems.     All 


FIG.   6 — INTERIOR    OF    X.    V.    W.    &    I'..    RY.    MOTOR    CAR 

In  addition  to  the  regular  lighting  system  operated   from  a   no  volt  tap 

on  the  auto-transformer,  there  is  an  auxiliary  circuit  of  lights  operated  from 
the  2,2  volt  storage  battery  in  case  the  car  is  without  power. 

cars  are  provided  with  electric  heaters  located  under  the  seats  and 
controlled  by  thermostatic  switches  to  give  approximately  con- 
stant temperature. 
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Draft  Gear  and  Couplers — The  draft  gear  and  couplers  of 
this  car  correspond  to  the  standard  equipment  used  on  the 
heaviest  steam  railroad  passenger  cars.  Pullman  type  diaphragm 
vestibules  are  used.     The  draft  gear  has  a  capacity  of  175000  lbs. 

Trucks  and  Braking  The  trucks  used  for  motor  truck  and 
trailer  are  similar  in  design.  For  the  latter,  however,  smaller 
wheels  and  a  modified  arrangement  of  truck  rigging  is  used.  A 
view  of  the  motor  truck  with  motors  installed  is  shown  in  Fig.  7. 
Each  motor  truck  is  fitted  with  eight  brake  shoes,  there  being  one 
on  each  side  of  each  wheel.  With  this  arrangement  the  pressure 
per  brake  shoe  is  reduced  to  a  reasonable  amount  in  case  of  emer- 
gency application  of  the  air  brakes,  and  heating  of  air  brakes  is 
minimized.  This  feature  is  most  important  in  view  of  the  fact 
that  the  high  schedule  speeds  and  frequent  stations  on  this  system 
require   frequent   and   heavy  braking.     In    fact,   the   operating   re- 


FIG.    7 — MOTOR    TRUCK 

Showing  motors   and   brake  rigging   installed. 

quirements  of  this  service  have  necessitated  the  use  of  brakes  of 
higher  power  and  greater  efficiency  than  has  been  found  in  any 
other  steam  or  electric  service  of  the  few  years  past.  The  func- 
tions of  the  ordinary  quick  acting  automatic  air  brake  have  been 
supplemented  by  additional  features  such  as  the  use  of  electric 
control  for  the  pneumatic  portion  of  the  brake  apparatus.  Roth 
service  and  emergency  application  of  the  brakes  are  under  electric 
control.  In  case  of  failure  of  the  electrical  control,  the  pneumatic 
control  is  operative.  The  compressed  air  for  braking  and  other 
purposes  on  the  car  is  controlled  by  a  governor  synchronizing  sys- 
tem which  insures  an  equal  division  of  load  on  the  compressors  of 
all  cars  operated  in  multiple.  For  service  application  the  maxi- 
mum pressure  is  limited  to  50  lbs.,  the  brake  pipe  pressure  being 
70  lbs.  In  case  of  emergency  application  the  full  main  reservoir 
pressure  of  90  to  100  lbs.  is  available.  The  usual  ratchet  hand 
brake  is  also  provided  at  each  end  of  the  car. 
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Motor  Equipment  Each  meter  car  is  equipped  with  two  six- 
pole  single-phase  modus     The  mounting  of  these  motors  difl 

from  usual  practice  in  that  the  two  arc  mounted  on  one  truck,  thus 
having  one  motor  truck  and  one  idle  truck.  The  motor  weight  i- 
carried  partly  on  the  axle,  and  partly  by  nose  suspension  directly 
<>n  the  transom.  Case  hardened  solid  gear-  are  used  on  most 
of  the  equipments,  hut  by  way  of  experiment  four  cars  were 
equipped  with  case  hardened  flexible  gears.  The  latter  haveproven 
eminently  satisfactory  in  that  the)  give  to  the  car  excellent  start 
ing    conditions.      In    fact,    s,,    far   as    vibration    due   to   the    25    cycle 

frequency  is  concerned,  it  would  he  impossible  for  a  pas        er  to 

tell  whether  alternating-current  or  direct  current  motors  are  used. 
The  motor  is  of  the  standard  single-phase  type  with  high-grade 
cast  steel  frame,  and  the  usual  laminated  steel  field  punchings. 
The  compensating  winding  is  distributed  across  the  pole  face  with 
each  coil  short-circuited  upon  itself,  thus  producing  only  a  small 
voltage  strain  between  winding  and  ground,  This  is  a  very  de-ir- 
ahle  feature  for  altenating-current  motors.  The  armature  is  built 
with  >pider  construction  and  is  arranged  with  longitudinal  and 
radial  air  ducts.  This  secures  a  maximum  of  ventilation  at  the 
hot  parts  of  the  armature.  The  usual  canvas  hoods  over  the  end 
connections  have  heen  superseded  by  the  use  of  a  thin  covering  of 
cement  which  effectively  keeps  out  all  dirt  and  gives  a  good  sur- 
face for  radiation.  The  brush-holders  are  located  so  as  to  give 
the  greatest  degree  of  accessibility  possible.  These  holders  are 
provided  with  means  of  radial  adjustment  without  changing  the 
brush  position  in  relation  to  the  neutral. 

Both  armature  and  axle  bearings  are  made  of  high  grade 
bronze.  The  armature  bearings  are  in  one  piece  and  have  a  bab- 
bitt lining  1/16  in.  thick.  Lubrication  in  both  types  of  bearings 
is  supplied  by  means  of  long  fibre  wool  waste  which,  acting  by 
capillary  attraction,  lifts  the  oil  from  the  well  and  delivers  it 
against   the  journal    face. 

Operating  under  forced  ventilation  of  eight  hundred  cubic 
feet  of  air  per  minute  each  motor  will  deliver  170  lip  for  one  hour 
and  145  hp  continuously  with  a  temperature  rise  not  exceeding 
75  degrees  C.  on  any  portion  of  the  winding.  A  motor  driven 
blower  supplies  the  forced  ventilation  for  the  motors,  the  air 
ing  taken  in  through  openings  in  the  side  of  the  car,  in  order  to 
obtain  as  clean  air  as  possible. 

Control  System — The  multiple  unit   switch  control   equipment 
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as  applied  to  these  cars  is  extremely  simple.  The  electro-pneu- 
matically  controlled  switch  group  is  shown  in  detail  in  Fig.  8. 
In  the  three  running  positions  of  the  master  controller,  which  is 

located  on  the  car 
platform,  the  motors 
are  connected  with- 
out resistance  to  three 
respective  transform- 
er taps,  thus  giving 
three  different  run- 
ning speeds.  Three 
accelerating  steps  are 
also  provided  for, 
cast  grid  starting  re- 
sistance heing  cut  in- 
to circuit  to  limit  the 
starting  current.  The 
acceleration  is  con- 
trolled   by     an    auto- 


FIG.    8 — ELECTRO-PNEUMATICALLY    OPERATED    UNIT 
SWITCH    GROUP 

Showing  main  circuit  connections  at  top;  blow- 
out compartments  in  the  middle,  and  interlocking 
control  contacts  and  electro-pneumatic  valve  mag- 
nets at  the  bottom. 


matic  relay.  The  master  controller  with  cover  removed  is  shown 
in  Fig.  9.  The  automatic  current  limit  switch  or  relay  is  shown  in 
Fig.  10.  If  the  handle  of  the  master  controller  is  thrown  directly 
to  the  third  notch,  acceleration  is  automatically 
controlled  by  the  current  relay,  in  conjunction 
with  the  switch  group.  The  master  controller 
is  of  the  "Dead  Man's  Handle"  type;  i.e.,  it 
has  to  be  held  in  position  for  operation  of  the 
car,  as  otherwise  it  automatically  releases, 
thus  opening  the  motor  circuit  and  automatic- 
ally applying  the  air  brakes. 

An  overspeed  relay  is  included  in  the  con- 
trol equipment.  It  limits  the  speed  of  the 
cars  to  a  maximum  of  57  miles  per  hour. 
This  relay  is  provided  with  a  current  coil 
connected  directly  in  series  with  one  of  the 
motors  and  a  voltage  coil  connected  in 
shunt  across  the  armature  of  the  motor. 
Its  operation  depends  upon  the  fact  that 
the  speed  of  a  motor  i-  proportional  to  the  product  of  cur- 
rent and  voltage  applied ;  accordingly  the  motor  may  oper- 
ate at  a  given  speed  with  normal  voltage  and  a  given  current  or 


FIG,    9 — MASTER 
1  0NTR0LLER 

View    with    cover 
removed. 


WESTCHESTER  El  ECTR1C  RAILWAY 


-v* 


;  i  M  rr   BELAY 
Showing    main   current    and   auxiliary 
ci 'HIT' ■!  ci mnectii >ns. 


with   low    voltage  and  a  correspondingly    increased   current.     The 
two  coils  "i  the  relay  act  differentiall)   upon  each  other. 

The  magnet  valves  of  the  switch  group  are  operated  from  a 
motor-generator  set  in  connection  with  a  ,w  voll   storage  batt< 
The  motor-generator  operates  continuously  to  supply  current   for 
the  control  apparatus,  for  the  operation  of  the  electric  brakes,  the 

valve  magnets  of  the  pneu- 
■^m  iii.it  1 .  door  operating  <lc- 
\  in is,  and  the  ten  emergenc) 
lamps  in  the  car.  The  bat- 
ter} in  reality  serves  only  as 
an  auxiliary  to  the  motor- 
generator  when  power  is  off 
the  car. 

A  high-tension  "il  line 
switch  is  provided  for  dis- 
connecting the  primary  wind- 
ing of  the  transformer  from 
the  line.  A  reversing  switch 
controls  the  direction  of  operation  of  the  car.  A  line  relay  is  used 
in  connection  with  the  control  circuits  so  that  in  case  power 
fails  on  the  line  the  unil  switches  of  the  switch  group  are-  auto- 
matically opened.  When  power  is  restored  the  switches  will 
LUtomatically  close  in 
the  normal  maimer. 
provided  the  master 
controller  handle  has 
not  be  e  n  released. 
Either  motor  can  be 
disconnected  from  the 
ear  circuits  in  case  of 
trouhle.  The  air-cool- 
ed auto-transformer  is 
operated  with  forced 
ventilation  from  the 
blower  which  also 
supplies  air  for  cool- 
ing the  motors.  The 
transformer  is  shown 
in  Fig.  ii.  The  total  weight  of  motors,  transformers,  pantograph 
trolleys,  switch  group,  blower  outfit  and  other  electrical  equip- 
ment including  cables,  is  approximately  24  500  lbs. 


PIG.     I  I — AUTO-TRANSFORM  1  K 

Showing  arrangement  for  forced  ventilation. 
The  1 1  ooo  volt  terminal  is  brought  out  through 
the  sheet  iron  protecting  case  at  one  end  by 
means  of  a  porcelain  bushing  and  extra  in- 
sulated cable.  The  exterior  of  the  iron  is  ex- 
!   to  give  direct   radiation. 


INCANDESCENT  LAMPS  FOR  RAILWAY  USE 

GEORGE  P.  SCHOLL 

NEVER  in  the  history  of  train  lighting  with  incandescent 
lamps  have  railway  engineers  and  officials  paid  so  much 
attention  to  the  proper  illumination  of  their  cars  and  to  the 
proper  choice  of  lamps  for  this  purpose,  as  they  have  within  the 
last  few  years,  and  especially  since  the  advent  of  the  tungsten 
lamp.  (  )ne  of  the  first  fruits  of  this  interest  was  the  active  and 
friendly  cooperation  which  they  extended  to  the  sales  representa- 
tives and  engineers  of  the  lamp  manufacturing  companies.  Every 
facility  was  afforded  to  the  lamp  companies'  engineers  for  the  ex- 
perimental installation  of  the  new  types  of  lamps  in  railway  cars, 
and  careful  and  accurate  records  of  their  performance  were  kept. 

The  results  of  this  active  cooperation  were  far  reaching.  On 
the  one  hand,  it  familiarized  the  railway  engineers  to  a  much  great- 
er extent  than  ever  before  with  the  various  types  of  lamps,  and 
the  purposes  to  which  they  could  be  applied ;  and  on  the  other 
hand,  it  gave  the  lamp  engineers  an  intimate  acquaintance  with  the 
peculiar  needs  of  the  railway  business.  It  was  realized  that  the 
conditions  of  the  railway  service  are  such  that  they  cause  a  severe 
strain  on  the  lamp  filaments,  as  far  as  the  latter's  resistance  to 
shocks,  etc.,  is  concerned.  This  is  especially  true  in  the  case  of 
tungsten  lamps.  The  lamp  engineers,  therefore,  bent  every  effort 
to  increase  the  ruggedness  of  the  tungsten  filament,  and  they  have 
succeeded  to  such  a  degree  that  the  tungsten  filament,  as  manufac- 
tured at  present,  is  practically  unbreakable  under  normal  service. 
Moreover,  the  construction  of  the  devices  which  support  the  fila- 
ment in  the  lamp  has  been  constantly  improved  so  as  to  adequately 
support  the  filament,  and  yet  have  sufficient  flexibility  to  take  up 
any  extraordinary  shock  and  protect  the  filament  from  breaking. 

Owing  to  these  improvements  in  construction,  not  only  has 
the  mechanical  strength  of  the  lamp  been  increased  to  an  extent 
which  would  have  seemed  impossible  a  few  years  ago,  but  the  life 
of  the  lamp  has  also  been  consistently  lengthened.  The  average 
performance  and  the  mechanical  strength  of  all  types  of  railway 
lamps  are  to-day  better  than  they  ever  were  before.  Some  of  the 
largest  city  and  suburban  roads  have  adopted  tungsten  lamps  for 
all  classes  of  service  and  have  obtained  very  satisfactory  results. 

It  is  also  of  interest  to  call  attention  to  the  satisfactory  ser- 
vice which  has  been  obtained  by  large  street  railways  in  the  use  of 
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metallized  filament  lamps.  The  reason  why  these  roads  have  n<  >t 
gone  over  to  the  tungsten  lamp  is  probably  the  initial  high  price 
of  the  tungsten  lamp  combined  with  the  fear  of  the  theft  of  such 
lamps.  The  experience,  however,  of  the  roads  which  have  adopt- 
ed tungsten  lamps,  does  not  bear  out  this  contention  and  the  sav- 
ing in  current  obtained  by  the  use  of  the  tungsten  lamps  has  more 
than  offset  the  initial  cost. 

As  further  evidence  of  the  strength  <>f  the  tungsten  lamp  may 
be  mentioned  the  adoption  of  tungsten  lamps,  especially  the  two 
candle-power,  twelve  to  eighteen  volt  lamp  for  signal  work.  Sev- 
eral roads  are  experimenting  with  these  lamps,  and  according  to 
present  advices,  the  service  given  by  them  is  satisfactory.  Asthi- 
is  a  class  of  service  where  the  mechanical  hreakage  of  the  lamps 
formerly  constituted  the  greatesl  drawback,  their  adoption  for  this 
use  illustrates  better  than  anything  else  the  improvements  which 
have  been  made  in  the  ruggedness  "i"  the  tungsten  lamp. 

Among  the  improvements  in  special  types  of  lamps  for  rail- 
way use  i-  the  development  of  the  headlight  lamp  for  both  steam 
and  street  railway  use.  The  filament  of  these  lamps  is  arranged 
a-  a  so-called  "point  source,"  that  is,  it  is  arranged  with  the  -mall- 
et possible  radius  in  a  cylindrical  spiral.  It  is  adequately  sup- 
ported by  anchors  in  order  to  make  it  as  flexible  as  possible  and 
thus  guard  against  damage  by  unusually  heavy  shocks  or  jar-. 
Several  types  of  these  headlight  lamps  have  heen  developed. 

It  may  also  be  of  interest  to  mention  the  improvements  which 
have  been  made  in  the  tungsten  lamps  which  are  used  for  illumi- 
nating large  areas,  such  as  railroad  yards,  sheds,  etc.  These  lamps 
are  from  year  to  year,  in  increasing  numhers,  replacing  arc  lamp-; 
and  their  ease  of  installation  and  maintenance,  and  saving  of  cur- 
rent gives  them  a  very  decided  advantage  over  the  arc  lam]). 

There  will  undoubtedly  he  a  demand  in  the  near  future  for 
lamps  of  higher  candle-power  than  the  five  hundred  watt  lamps,  to 
replace  arc  lamps.  There  is  also  a  demand  for  large  watt  lamp- 
in  the  round  bulb,  on  account  of  their  artistic  appearance  and  their 
similarity  to  the  shape  of  the  arc  lamp,  which  they  are  mainly  in- 
tended to  replace. 

As  far  as  the  regular  train  lighting  lamps  are  concerned,  it 
may  be  of  interest  to  mention  that  the  wattage  consumption  of 
these  lamps  has  been  decreased  from  1.23  to  1.17.  thus  retaining  the 
candle-power,  decreasing  the  load  on  the  battery  and  furnishing 
a  greater  operating  radius  than  before. 


A  NEW  TYPE  OF  SPRING  DRIVE  FOR 
ELECTRIC  LOCOMOTIVES 

AS  APPLIED  TO  THE  LATEST  NEW  HAVEN  ALTERNATING-CURRENT 

LOCOMOTIVES 
J.  E.  WEBSTER 

THE  most  novel  mechanical  feature  of  the  new  alternating- 
current  locomotives  for  the  New  York,  New  Haven  & 
Hartford  Railroad  is  the  method  of  transmitting  the 
power  from  the  motors  to  the  driving  wheels.  The  following 
are  some  of  the  characteristics  of  the  drive  as  worked  out  in 
these  locomotives,  one  of  which  is  shown  complete  in  Fig.  i  : — 
a — The  motors  are  mounted  directly  on  the  locomotive 
frame  and  are  entirely  spring  supported. 

b — The  power  is  transmitted  to  the  drivers   from  the  twin 
motors.   Fig.  2,  to  one   gear   mounted  on   a  hollow   quill   which 


FIG.     I — NEW    HAVEN     IIO-TOX.    25-CYCLE,    II  OOO-VOLT    SINGLE-PHASE 

LOCOMOTIVE 

surrounds  the  axle,  Fig.  3,  and  is  carried  in  bearings  attached  to 
the  motor  frame.  From  the  ends  of  the  quill  to  the  drivers  the 
power  is  transmitted  directly  to  the  wheel  by  means  of  six  driving 
springs  in  each  wheel. 

c — Each  end  of  each  spring  is  gripped  in  a  holding  casting. 
One  set  of  these  castings  is  bolted  to  the  flanged  end  of  the  quill 
on  the  side  of  the  gear  and  the  other  set  is  bolted  to  the  wheels. 
There  are  no  wearing  surfaces  in  any  of  the  spring  attachments. 

d — The  power  is  transmitted  to  the  driving  axles  without 
departure    from    a    rotating    motion.     There    are    no    reversing 
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thrusts  to  require  frequent  keying  up  or  adjustment  of  the 
bearings. 

e — The  axles  are  individually  driven,  which  means  a  locomo- 
tive with  low  friction  qualities. 

f — All  the  driving  springs  do  duty  in  either  direction  of 
movement.  At  a  given  instant  one-half  of  the  driving  springs  are 
working  in  compression  and  one-half  in  extension. 

g — Over  95  percent  of  the  vibration  due  to  the  pulsating 
torque  of  the  single-phase  motors  is  absorbed  in  the  driving 
springs      This  is  especiall)    noticeable  in   starting  heavy   trains. 


FIG.    2 — TWIN    MOTORS,   SHOWING  ONE   OF   THE    BEARINGS    FOR    THE 

QUILL 

Showing  two  pinions  which  mesh  with  a  single  gear  on  the 
quill.      The   four   feet  on  the  motor   frames  are  bolted  to  cr 
liars,    carried    on    brackets    attached     to     the    locomotive     frame 
bolsters. 

h — The  driving   springs  arc  of  such   a  number  and  are 
mounted   that    it   i^   practically   impossible   for  a   failure   of  any 
part  of  the  drive  to  disable  tin-  locomotive  sufficiently  to  cause 
a  service  delay. 

i — This  type  of  drive  adapts  itself  especially  to  the  use  of  a 
large  number  of  small  motors  rather  than  a  small  number  of 
large  motors.  In  single-phase  locomotives  this  tends  to  a  reduc- 
tion  in   weight  and  The  greater  number  of  small   motors 
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will  tend  to  -a.  reduction  of  the  repair  expense,  as  damage  to  an 
armature  coil  or  a  commutator  bar  will  require  the  handling  and 
rebanding  of  a  small  armature  rather  than  a  large  one.  A  loco- 
motive of  a  given  capacity  will  have  practically  the  same  number 
of  field  coils,  or  armature  coils  and  commutator  bars  no  matter 
how  many  motors  are  used. 

The  illustrations  show  very  clearly  the  details  of  construc- 
tion and  how  the  power  is  transmitted  from  two  motors  to  the 
one  gear  and  the  quill  which  is  carried  in  the  bearings  attached 


FIG.    3 — VIEW    OF    WHEELS    SHOWING    SPRING   DRIVE 

Showing  quill  and  gear  in  place.  Note  compact  arrangement  of  hour 
glass  springs  in  plane  of  wheel  giving  maximum  spacing  between  wheels  for 
motor. 

to  the  motor  frames.  The  details  of  the  spring  attachments  are 
shown  in  Figs.  4  and  5.  The  spring  is  expanded  into  the  spiral 
groove  in  the  outer  casting  by  driving  first  temporary  and 
then  the  permanent  wedges  into  the  inside  or  spreader  casting. 
A  heavy  sledge  is  used  in  driving  the  w-edges  and  the  expanding 
force  is  so  great  that  the  diameter  of  the  outer  steel  casting  is 
increased  approximately  1/32  of  an  inch.  A  standard  permanent 
wedge  is  used,  the  variations  in  the  spread  of  the  inner  castings 
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being  taken  cart-  oi  h\   spacers  of  various  sizes.    This  makes  it 
possible  to  obtain  the  maximum  tightness  with  a  short   wedge 


PIG.  4      ASSEMBLY  AND  DETAIL   VIEW  01    HOI  i<  CLASS   SPRING  DRIVI 

UNIT 

which  is  thin  enough  at  the  point  to  allow  clinching  without  in- 
terfering with  the  working  of  the  spring. 

The  success  of  the  drive  depends  <»n  so  proportioning  the 
springs  that  they  have  ample  capacity  to  carry  the  torque  de- 
veloped by  the  motor,  and  at  the  same  time  are  flexible  enough 


5 — PHANTOM   VIEW  OF   HOUB  GLASS  SPRING    ASSEMBLED   IN    INNER 
AND   OLTKR   GROOVED  CASTINGS 

The  inner  casting  is  split  by  means  of  a  wedge  after  being 
inserted  in  the  spring,  which  is  locked  between  the  two  castir 
by    means    of    a    permanent    wedge    used    in    conjunction    with 
a  spacer  of  suitable  size.     The  spacer  has  an  offset  at  each  i 
and  the  wedge  is  clinched  so  that  both  are  held  in  place.     The 
method  of  gripping  the  two  ends  is  identical. 

to  allow  the  wheels  to  jump  or  follow  the  irregularities  of  the 
track    without    causing    undue    stresses.     The    useful    work    or 
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torque  imposed  on  the  spring  is  taken  as  compression  or  elonga- 
tion as  an  ordinary  helical  spring  and  it  is.  therefore,  done  very 
efficiently. 

The  work  imposed  on  any  drive  spring  by  the  vertical  move- 
ment of  the  wheels  in  reference  In  the  motors  depends  on  the 
position  of  the  spring  in  the  wheel.  The  springs  with  their  axis 
momentarily  horizontal  are  offset;  those  with  their  axis  mo- 
mentarily vertical  are  compressed  or  elongated;  and  those  in 
intermediate  position  by  a  combination  of  offset  and  end  com- 
pression or  extension.  The  characteristics  of  the  spring  used  on 
this  locomotive  for  end  deflection  and  side  deflection  are  shown 
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FK;.    6 — CHARACTERISTICS    01    HOUR   GLASS    SPRINGS 

in  Fig.  6.  It  will  be  noted  that  the  load  for  a  given  end  deflection 
is  approximately  four  times  a's  much  as  for  the  same  side  deflec- 
tion. The  maximum  stresses  for  a  given  deflection  are  approxi- 
mately the  same  whether  the  deflection  is  endwise  or  sidewise. 

The  stresses  due  to  offset  are  a  maximum  in  the  coils  adja- 
cent to  the  grips  and  are  practically  negligible  in  the  turns  near 
the  center,  and  the  maximum  stress  in  the  end  turns  is  inversely 
proportional  to  the  diameter  of  the  turn.  In  order,  therefore, 
to  keep  the  side  stress  low  and  to  get  a  spring  which  will  carry  a 
heavy  torque  load,  the  end  turns  were  made  of  a  larger  diameter 
than  the  center  turns.  Before  humping  can  occur,  not  only  the 
end  turns,  but  the  stiff  center  turns  must  close. 
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Tesl  machines  were  built  to  determine  the  life  of  -prii 
different  proportions  when  subjected  to  repeated  ^i < l»-  deflections 
of  differenl  amplitude.  It  was  difficull  t"  determine  the  extent 
and  frequenc)  of  the  side  deflections  which  the  springs  would 
have  t'»  stand.  Vs  a  result,  in  the  first  locomotive  equipped  with 
this  t\pe  <'t"  drive,  capacitj  was  sacrificed  for  side  flexibility ;  con 
.equently  while  tin  re  was  no  breakage  of  springs,  there  was 
some  bumping  in  starting  heav)  trains.  In  order  to  correct  this 
the  size  <d  wire  in  the  springs  was  increased  from  ',  ;■;  t"  i 
inch  ami  later  the  "hour  glass"  type  adopted.  These  changes 
have  practically  eliminated  the  bumping,  even  when  the  wheels 
are  dipped   in  starting  heav)    train-. 

The  projections  or  horns  from  the  casl  steel  spring  spreaders 
are  set  at  their  ends  very  accurately  with  reference  to  the  turns 


FIG     7— DETAILS    <>l     TRUCK    ARTICULATION 

The  trucks  are  c  mnected  together  1>>  a  rigid  link.    The  spring  padi 
./.'  take  u|>  the  slack  and  reduce  the  bumping  -t rain-..     With  the  ar- 
rangement  of   sliding    pads,    supporting    spring    p  »ckets   and    plunj 
shown  at   />'/>'.  the  cab  floats  on  the  tw>  trucks  regardless  of  lati 
motion  due  to  curves,  or  trans  motion  due  n>  track  irregularit 

The  cab  is  held  in  alignment  by  twu  center  pin  bearings,  one  of  which 
:-  mounted  so  as  to  pr  »\  i< K-  t"r  limited  longitudinal  motion,  thus  al 
lowing   for  movement  between  the  articulated  truck-.      The  pin  bear- 
ings, however,  do  not  carry  the  cab  weight. 


of  the  spring  so  that:    a—   They  will  prevent  large  deflections  ol 
the  springs  due   to  centrifugal    force,     b — They   will   prevent   a 
combination  of  side  deflection  and  centrifugal  force  from  str< 
ing    the    spring    abnormally    at    one    end    and  c-    They    prevent  a 
broken  spring  from  flying  ou1  of  place. 

\  broken  spring  with  it<  holding  castings  can  be  replaced  in 
the  railroad  yards  1>\   stopping  the  locomotive  so  thai  the  broken 
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the  bottom  of  the  wheel.     There  are  bul  five  nuts  to 

remove      New  springs  can  he  assemble!   m  the  castings  in  the 

-hop.     No  trouble  ha?  been  experienced  with  either  armature  or 

quill  bearings       Hie  small  motors  which  ari   used  with  this  driv< 

allow   the  use  ol  the  standard  railwa)    mot 01   armature  bearings, 

which  have  been  extremely  satisfactory  in  interurban  service. 

The  \.  >^ '..  N".  II.  &  II.  R.  I\.  have  the  following  locomotives 

in  service  with  the  helical  spring  drive: 

8  Freighl    Locomotives  similar  to   No.  084     Miles   run 13]   193 

16  Switcher    Locomotives     Miles    run 39631 

There  arc   also  33    freight    locomotives   of  the   same  design   as   the    No 
ss  of  building. 


FIG.   8 — TOP   VIEW    "l     LO   OMOTIVE   RUNNING   GEAR 

■  of  the  eight  pads  on  which  the  cab  rides  are  shown  at  AA. 
The  motors  arc  supported  on  cross  bars  resting  on  brackets  on  the 

-  at  B.  For  making  repairs,  these  cross  bars  can  be  removed  and 
the  wheels  and  motors  lowered  into  a  pit.  Spring  plungers  are  ar- 
ranged on  the  cab  to  engage  the  side  bearings  CC. 

To  date  there  have  been  but  two  drive  failure-,  one  due  to 
tlie  bolts  holding  the  clamping  arm  coming  loose  and  one  due  to 
breakage  of  a  spring.  Locomotive  No.  069  has  completed  41  264 
mile-  with  the  one  failure  i\uv  to  loose  bolts.  Locomotive  No. 
073  has  completed  .}4  7,X('  miles,  with  no  failures.  Of  the  switcher 
locomotives  one  has  completed  13096,  oik-  8318,  and  one  9076 
miles  with  no  failure-  to  date.  While  the  switcher  speeds  arc 
v.  this  mileage  is  all   made  over    yard    track   with   numerous 
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switches   un<  s,    which   cause   .1    large   amount    01   eccontrit 

mo\  emeu'  1  'i  I  li>  axles  in  the  quill 

Onl)    standard    spring    steel    has   been    used    i"i    the    drive 
springs  and  no  special  precaution  has  been  taken  in  treatment 
In  order  t"  ,  ssive  side  deflection  of  the  drive  springs 

the  eccentricit)  of  the  quills  with  reference'to  the  axles  1-  carefull) 
adjusted  when  the  locomotive  is  first  put  in  service  and  it  is 
checked  at  intervals  afterwards.     It  has  been  found  that  there  is 
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/:iti"n  and  'ir.iki-  rigging. 


but  little  tendency  for  tlu-  quills  t<>  get  out  of  adjustment,     I  orri 
tions  for  journal  brass  wear  and  set  in  the  springs  can  be  made  by 
changing  liner-  under  the  motor  feet. 

The  performance  of  this  type  "i  drive  is  extremely  satisfac 
ton.  and  there  are  enough   locomotives  in   service  or  building  to 
conclusively  prove  whether  or  n<>t  it   will  have  a  permanent  pi; 
in  locomi  »tive  design. 


RECENT  DEVELOPMENTS  IN  MOTOR-DRIVEN   AIR 
COMPRESSORS  FOR  ELECTRIC  RAILWAYS 

P.  L    CRITTENDEN 

TIM-',  necessity  for  power  brakes  on  electrically  propelled 
vehicles  naturally  led  to  the  use  of  compressed  air  for  this 
purpose,  the  apparatus  used  differing  in  principle  from 
that  already  in  general  use  on  steam  roads,  mainly  in  the  form  of 
power  used  in  compressing  the  air.  The  demands  on  the  com- 
pressor have,  however,  steadily  increased  due  to  the  addition  of 
other  air  using  device-  outside  of  the  brake,  the  use  of  higher 
pressures,  more  frequent  stop-  from  higher  speeds  and  the  de- 
mand for  more  air  per  pound  of  equipment  carried. 

The  rapid  development  in  electric  railway  equipment  during 
the  past  five  years  has  required  new  and  improved  construction 
in  motor-driven  compressors,  cars  and  locomotives.  Beginning  at 
the  latest  and  going  backward,  those  developments  which  have 
most  radically  affected  electric  air  compressor  design  have  been: 

i  —  Extremely  low  and  extremely  light  car  construction  where- 
in every  effort  has  been  put  forward  to  reduce  the  weight  of  the 
equipped  car  to  a  minimum  and  to  increase  the  ease  of  entrance  to 
the  car. 

2 — A  demand  for  larger  capacity  compressors,  without  in- 
crease in  weight,  which  would  have  such  liberal  proportions  that  the 
life  of  the  compresors  would  he  materially  increased  and  repairs 
reduced  to  a  minimum.  This  involves  the  best  construction  re- 
gardless of  COM. 

3 — Heavy  duty  compound  compressors  for  high  pressure  lo- 
comotive work  in  which  the  voltage  is  from  650  to  750  volts. 

4 — Heavy  duty  single  stage  compressors  for  moderate  press- 
ure locomotive  work  in  which  the  service  i>  so  severe  as  to  require 
heat  proof  insulation  in  the  motor. 

5 — The  use  of  line  voltages  of  1200  ami  [500  volts  direct- 
current. 

COMBINED   TYPE    OF    COMPRESSOR 

The  latest  design  of  compact,  light   weight  compressor  known 
the  "Combined*-  type  lia^  a  number  of  unique   features.     The 
cylinders,  crank  case,  gear  case  and  motor  bracket-  are  cast  inte- 
gral a-  shown  in   Fig.   1.     This  construction  eliminates  a  bed-plate 
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«ir  any  tic-  bolts,  which  would  be  required  it  the  motor  and  com- 
pressor were  separate,  and  gives  a  ver)  low  construction  especially 
adapted  to  the  low  lightweight  carsnowbeirtg  introduced  for  cit) 
service.  The  overall  height  of  this  compressor  is  onl)  17  ''( 
inches.  The  advantages  1  1  such  a  construction  are  obvious.  Cyl- 
inders, one  crank  shaft  bearing,  and  one  armature  bearing  can  be 
bored  at  one  setting,  besides  the  necessarj  facing  of  the  cylinders, 
crank  case,  and  gear  case.  1 1 1  i  -  means  thai  maximum  accurac) 
an<l  consequent  perfect  alignmenl  are  obtained  when  the  compressor 
is  first  assembled,  and  thai  an  operator  has  every  assurance  thai 
the  machine  may  be  properly  aligned  if  it  is  dismantled  in  his 
shops.     This   "en-bloc"  construction   eliminates   a   number  of  ma- 


FIG    I 


ASTINC  OF    <  YLINDERS,  CRANK   CASE,   GEAR 
AND    MOTOR    BRA<  K. 


chined  surfaces  and  a  large  number  of  drilled  and  tapped  holes. 

The  motor,  though  of  increased  capacity  is  very  light.  The 
yoke  is  made  up  of  thin  punched  laminations  instead  of  a  steel 
casting.  Motor  yoke,  pole  pine-,  and  armature  core  arc  all  punch- 
ed from  the  same  blank.  Besides  giving  a  very  light  and  strong 
construction,  as  shown  in  Fig.  2,  the  sections  ran  be  depended  up- 
on to  be  uniform  so  that  the  efficiency  and  commutation  are  very 
good,  and  the  heating  reduced  to  a  minimum.  The  commutator 
and  armature  bearing  housing  and  the  corresponding  bearing  for 
the  crank  shaft  are  bolted  to  the  main  casting.  Two  of  the  four 
bolts  used  to  secure  the  motor  bearing  housing  also  secure  the 
brush  holder  stud  clamp  so  that  after  the  housing  has  been  removed 
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there  are  only  two  cap  screws  to  loosen  in  order  to  swing  the  brush 
holders  out  of  the  way  through  the  door. 

The  compressor  proper  has  been  designed  with  a  view  of 
maximum  service  consistent  with  light  weight.  The  pistons  are 
very  long  to  insure  even  wear.  The  size  of  wrist  pins  and  wrist- 
inn  bearings  has  been  increased  as  compared  with  the  older  con- 
struction,  the  connecting  rod  being  clamped  to  the  wrist-pin,   so 


FIC.    2 — MOTOR    YOKE    AXD     POLE     PIECES 


that  the  hearing  is  between  the  wrist  pin  and  piston,  and  not  be- 
tween the  wrist  pin  and  the  connecting  rod.  The  crank  shaft  is  a 
two-bearing  shaft,  the  two  hearings  being  more  than  equivalent  to 
the  three  bearings   in   older   designs   and   permitting  of   easier   re- 
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tVE  VIEW   OF  <>I. i)   AND   NEW    BEARINGS 


alignment  after  renewal  ox  bearings.  A  comparative  view  of  the 
old  and  new  bearings  i*-  given  in  Fig.  3,  while  Fig.  4  shows  the 
completely  machined  shaft,  old  and  new    designs   respectlvel) 

The  gear  is  a  herring-bone,  fine-tooth,  six  spoke,  semi-steel 
gear,  the  two  halves  being  solidly  riveted  together.  It  is 
held  on  the  shaft  by  a  large  castle  nut  which  is  prevented  from 
backing  off  b\   a  cotter  pin.     The  taper  of  the  crank  shaft  is  such 
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pei mm'  •  >r  '  .t-\  pulling  ofl  of  tin   j  is  .pin 

vertically,  thi  -  making  half  of  the  geai  I  In-  construc- 

tion enables  read)  assembl)  and  eas)  and  complete  inspection.  The 
cover  is  light  ami  requires  only  seven   '_•  inch  bolts. 

Lubrication     Lubrication  i-  obtained  b)   means  of  connecting 
ruik  and  crank-  splashing  in  the  >  ran!  oil,  sufficient  ml  work- 

ing along  the  gear  end  bearing  ami  into  the  gear  case  i"  lubrii 
the  gear  and  pinion.     Ks  there  i-  ii"  direct  connection  for  the  ml  to 
get  over  into  the  geai  there  will  never  In-  more  than  a  -mall 

amount  "f  oil  in  the  gear  ■  o  that  there  is  no  difficult)  in  keep 

in-  tlu-  joint  between  halves  "i  tin-  gear  case  oil  tight.  The  -mal' 
quantit)  "t"  oil  in  tin-  gear  case  prevents  heating  due  to  churning 
<>i'  the  <»il  in  gear  case  and  makes  flooding  of  the  motor  impossible. 


. 
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The  crank  case  is  filled  either  from  the  t<>|>  by  removing  the  crank 

>e  cover  or  through  a  very  conveniently  located  oil  fitting  ni 
the     pinion.     As    the    gear    turn-,    oil    is    carried    n j »    over    the 
pinion  and  w<  rks  into  the  rear  motor  bearing  cavity.     Thence  any 
excess  drains  through  a  cured  cavity  into  the  crank  case.     Thus, 
the   rear   bearing   of   the   motor   is   automatically  oiled.     The  arm 
ature   bearing    on  the  commutator  is  filled  separately.     1 1< >t  1 1  anna 
inrc    bearings    arc  single  ring  bronze  bearings.     The    dip    of    the 
rings  into  the  oil  is  just   sufficient  to  give  ample  lubrication  with- 
out  drawing  up  an  excess  of  oil   which   would  tend   to  creep  along 
shaft.      Special   precaution  has  been  taken   in  this  design   to  pieven' 
oil  from  reaching  the  commutator  or  fields 

The  quantity  of  oil  used  has  been  reduced  to  a  minimum  by 
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the  use  of  this  self-contained  lubricating  system,  and  the  elimina- 
tion oi  joints  which  should  be  oil  tight.  A  still  further  point  of 
vast  importance  to  the  operator  is  the  prevention  of  <>il  passing  in- 
to the  brake  system.  A  ver}  small  amount  of  oil  is  required  to 
lubricate  the  cylinders,  pistons  and  wrist-pins;  and  an  exceedingly 
small  amount  of  oil  getting  past  the  rings  each  stroke  will,  in 
the  course  <^i  a  few  days,  amount  to  a  quantity  of  oil  which 
would  be  prohibitive,  both  because  of  the  actual  loss  and 
because  of  the  detrimental  effect  on  hose  and  other  air 
using  apparatus.  This  passing  >'\  oil  has  been  entirely  over- 
come by  the  new  construction.  Further,  the  loss  of  oil  from 
the  crank  case  in  the  form  of  vapor  from  any  cause  is  prevented 
by  coring  a  passage  from  the  top  of  the  crank  case  to  the  suction 
"i   the   compressor.     A    tapped   crank   case    vent    is   also   provided, 

should  a  railway  operator  wish  to  pipe  this  vent  away  from  the 
compressi  r.  The  cored  passage  from  the  crank  case  to  the  suc- 
tion not  only  prevents  the  loss  of  any  oil,  but  protects  the  crank 
case  oil  from  dirt  by  the  same  strainer  or  dust  collector  which 
protects  the  in-take  of  the  compressor.  The  discharge  from  the 
crank  case,  heing  connected  in  the  in-take  of  pump,  does  not  re- 
duce the  cylinder  efficiency  of  the  compressor  to  an  appreciable 
degree  even  when  operating  at  maximum  pressures.  It  absolutely 
prevents  annoying  vaporizing  formerly  so  prevalent  in  worn  or 
poorly  maintained  compressors. 

Motor  Construction — ( )n  account  of  the  large  demand  for  air 
outside  of  the  brake  system,  and  also  of  the  desire  to  keep  down 
the  total  weight  of  the  compressor,  it  is  necessary  to  have  sufficient 
motor  capacity  to  permit  of  practically  continuous  operation  of 
the  compressor  without  overheating  the  motor.  The  temperature 
rises  in  all  parts  of  the  motor  from  continuous  running  at  from 
65  to  90  lh.  gage  pressure  are  very  moderate.  Armature  leads 
are  protected  from  breaking  by  slotting  the  commutator  bars  suffi- 
ciently to  take  the  insulated  wire,  so  that  the  portion  of  the  wire 
which  is  nv  st  likely  to  break  is  supported  by  the  bar  itself,  just 
back  of  the  narrower  slot  for  the  soldered  lead.  Commutators 
have  mica  insulation  undercut  and  well  rounded  corners.  Large 
creepage  distances  are  provided  and  every  precaution  taken  to  pre- 
vent oil  from  getting  onto  the  commutator.  All  cotton  covered 
armature  coil-  and  field  coils  are  insulated  under  the  vacuum  pro- 
cess. Tin's  treatment  makes  the  coil  a  solid  mass,  water  and  oil 
proof.     The  completed   armature   is   also   impregnated   as   a  whole. 
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The  fields  of  this  particular  motor,  however,  are  wound  with 
enamel  covered  wire,  giving  maximum  radiation  and  minimum 
copper  loss. 

Standard  railway  motor  practice  is  followed  throughout,  in- 
cluding  tlat    steel    spring   washers    to   prevent    field    coil    chafing 
Brush    studs    have    a  fixed    location,    being    insulated    with    mica 
bushes,  extra  creepage  distance  being    obtained    !•>    fibre    slee 
I'll i -s  construction  is  ver)   strong  both  mechanical!)   and  electrically 
and  nol   affected  b)    an)    degree  of  heat  obtainable  in   the  mol 
The  brush  holder  box  has  a  small  lug  on    it-    side,    so    thai    the 
spring  can  be  pushed  to  one  side  and  caught  on  this  lug,  permitting 
the  removal  of  a  brush  with  one  hand.     Leads  are  insulated  from 
castings  b)   small  fibre  blocks,  both  leads  being  brought  ou1  "t  the 
motor  directl)  below  the  door.     This  c<  nstruction  makes  il  practi- 
cable to  run  c< >m lnii  into  the  motor  if  desired.     The  cover  over  th 
cml  of  the  armature  -haft  at  the  commutator  end  i-  in  the  form  oi 
a  threaded  cap  and  not  a  plate.     It  is  easily  removed   for  inspi 
ti"n  of  oiling  ring  and  makes  an  '>il  tight  joint. 

Armature  Removal  In  order  to  remove  an  armature  it  is 
necessary  to  remove  onl)  seven  bolts  from  the  gear  case  and  the 
four  l>"lt-  from  the  front  bearing  housing.  After  loosening  the 
two  remaining  rap  screws  which  hold  the  brush  holder  stud 
clamps,  t'nc  holder  may  In-  swung  back  ou1  of  the  way.  Then, 
after    blocking    the   gear    and    pinion    so    that    they    cannot    turn. 

the  lock  nut  from  the  pinion  ran  be  removed.  Then,  D)  mean-  ■>! 
the  Standard  pull-off  attachment,  the  armature  can  he  forced  out 
of   the   bearing.       The   armature   can   then   he   lifted   out. 

Suspension  The  compressor  i-  arranged  for  both  three-point 
and  four-poim  suspension,  the  objeel  >>\  the  four-point  being  to 
suspend  tin-  machine  in  the  >ame  place  as  that  i  ccupied  by  previ- 
ous types  of  compressors,  if  desired.  The  use  of  the  three-point 
suspension,  however,  is  preferred,  a-  it  makes  il  possible  t"  de- 
crease the  weighl  of  the  suspension  and  give  a  more  uniform  dis- 
tribution of  weight.  The  cushion  pockets  are  -till  used  with  the 
wedges,  SO  that  the  compressor  may  be  lowered  from  the  car  with 
the  same  ease  a-  formerly.  In  order  to  facilitate  handling  of  the 
compressor  when  shopped,  a  tapped  hole  for  an  eye  holt  i-  pro- 
vided at  a  point  very  nearly  in  line  with  the  center  of  gravity  of 
the  machine. 

Strainers     As  the  length  of  service  which  a  compre 
is  determined   largely   by   the  cleanness   of   the  air  taken   into  the 
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pump,  and  the  consequent  freedom  of  the  lubricating  oil  from 
foreign  matter,  it  is  very  important  to  have  a  good  strainer  or  dirt 
collector.  For  ordinar}  conditions,  a  hair  strainer  of  ample  pro- 
portions piped  up  near  the  roof  of  the  ear  serves  every  purpose. 
\  more  recent  construction  is  one  in  which  the  efficiency  of  the 
dust  collecting  device  is  not  decreased  materially  1>v  the  passage 
into  u  of  considerable  quantities  of  dust.  By  the  use  of  this  de- 
vice, the  air  passing  into  the  compressor  is  practically  free  from 
dust  and  grit,  and  a-  the  gear  case  vent  is  protected  by  the  same 
device,  the  machine  i^  practicalh  dust-proof,  and  will  operate  for 
long  periods  of  time  without  the  renewal  of  oil. 


FIG.    5 — IMPROVED   TVPE    OF    MOTOR-DRIVEN    COMPRESSOR   UNIT 

D-L   TYPE    COMPRESSORS 

In  order  t<>  meet  the  requirements  of  severe  service,  the  type 
"D-L"  comprewn-  ha-  been  broughl  out  to  incorporate  the  best 
construction,  regardless  of  cost.  The  chief  points  of  difference 
between  this  type  of  compressor  and  previous  types  are  as  fol- 
lows— 

i — Elimination  of  bed-plate. 

2—1'-,    of  long  tie  bolts  to  fasten  motor  and  com- 
pressor together. 
3 — The  use  of  slant  cylinder-. 
4     Bushed  cylinders. 
5 — Increased  capacity  motor. 
6 — Laminated  yoke   for  motor. 
This  com]-  shown  in   Fig.  5,  has  a  gear  case  split  nearly 
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horizontally,   so  thai   there  can  be   no  leakage    ol   oil       I  in    crank 
shaft  was  ver)   materially  strengthened,  the  two  outside  bearings 
being  sufficient  alone,  although    a  middle    bearing    was    arranged 
.   this  bearing   u<»t   being  babbitted  unl  tiled   for.     The  'li- 

ameter  "t"  piston  was  decreased  and  the  stroke,  connecting  rod  and 
piston  were  all  lengthened.  The  cylinders  were  bushed  t"  obtain 
.1  harder  and  more  uniform  grade  of  material  for  the  cylindei 
walls  and  ti>  make  il  possible  i"  re-bush  cylinders  mon  readil) 
and  accurately.  I  In-  slant  cylinders  are  for  the  purpose  "i  redu- 
cing the  clearance  around   the   valves.     This    decreased    clearanci 
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maximum  cylinder  efficiency.  Although  the  over-all  i 
ciency  of  this  compressor  and  the  actual  capacit)  due  to  ability 
tn  run  continuousl)  are  very  materially  increased,  the  over- 
all weight  on  the  car  is  less  than  in  older  designs.  The  motor  for 
this  compressor  was  increased  in  size  so  that  it  would  stand  cpn- 
tinuous  operation  without  overheating,  the  winding  being  arranj 
for  a  maximum  of  750  vol! 

For  heavy  duty,  high  pressure  service  on  locomotives  opera- 
tin.LT  at  voltages  up  to  j?"  volts,  a  three  cylinder  compound  com- 
pressor i>  used,  as  shown  in  Fig.  6.     This  compn  provided 
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with  intercooler  between  the  high  and  low  pressure  cylinders  and 
delivers  air  at  pressures  up  to  160  lbs.  per  square  inch  at  maxi- 
mum efficiency  with  minimum  heating.  The  motor  starts  without 
resistance  up  to  750  volts  and  will  operate  continuously  against  120 
lbs.  pressure.  There  are  two  low  pressure  cylinders  S1  \  inches  in 
diameter  and  one  high   pressure   six   inch  cylinder. 

The  motor  runs  at  800  r.p.m.  The  solid  east  steel  yoke  is 
open  at  both  ends  and  has  four  field  coils.  Motor  and  compressor 
arc  mounted  on  a  bed-plate.  Standard  railway  motor  practice  is 
followed.  Brushes  are  particularly  accessible  for  locomotive  ser- 
vice, being  on  the  upper  side  of  commutator.  There  are  two 
studs,  each  brush  holder  carrying  two  carbons  in  separated  hoxes, 
each  carbon  having  its  individual  spring.  Compressor  lubrication 
i<  by   means  of   the   usual   splash   system.      Both     motor    hearings, 


FIG. 


-COMPRESSOR    SET    \\  I  I  H    SPECIALLY    [NSULATCD    MOTOR 


however,  are  waste  packed.  The  crank  ease  cover  contains  a  large 
amount  of  curled  hair  through  which  the  venting  air  passes,  to 
prevent  vaporization  and  loss  of  oil. 

SPECIALLY     [NSULATED    COMPRESSORS 

For  certain  classes  of  locomotive  service  where  pressures  are 
not  excessive,  a  single  stage  50-foot  compressor  has  heen  used. 
The  motor,  in  order  to  permit  of  continuous  operation  if  necessary, 
is  wound  with  heat  proof  wire  and  insulated  with  heat  proof  ma- 
terials. This  compressor  unit  is  shown  in  Fig.  7.  The  motor  is 
enclosed  and  has  a  laminated  yoke  and  strap  wound  fields.  It  will 
drive  the  compressor  continuously  without  injury  to  the  insulation. 
Although  rated  at  600  volts  it  will  operate  satisfactorily  up  to  750 
volts.     The  [Kile  pieces  are  dovetailed  and  wedged   into  the  yoke, 
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making  a  very  solid  though  easil)  dismantled  construction.  The 
motor  end  brackets  include  the  bearing  housings,  as  shown  in 
Fig.  8,  so  that  perfect  alignmenl  is  secured. 

UK. II     VOLTAG]      DIRECT-CURREN1     COMPRESSORS 

The  raising  "i   the  line  voltage  on  certain  roads  from  600  to 
ij.Hi-15.Hi  volts,  has  necessitated    new    designs  in  the  compressor 
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motors,  and  this  increase  in  voltage,  together  with  the  necessity 
for  operating  on  600  volts  in  towns  and  cities  and  <>n  [200  volts  or 
[500  volts  in  the  country,  makes  necessary  the  use  of  double  com- 
mutators and  extra  precautions  in  the  mater  of  thickness  of  insu- 
lation and  creepage  distances.  The  necessity  for  as  much  com- 
pressed air  within  city  limits,  where  the  voltage  is  600  volts  or 
less,  as  is  required  in  those  sections  where  the  voltage  is   i_>(x>  or 


H  ..    9 —  CORE     \M>    COMMUTATORS    01     II".  I    VOLTAGE    DOUBLE   COMMUTATOR 

ARM  VTURE 

[500  volts,  requires  new  arrangements  of  windings  and  connec- 
tions. A  view  of  the  core  and  commutators  of  an  armature  for 
this  service  is  shown  in  Fig.  9. 

Special  Compressors  F<  r  locomotive  service  two  special 
forms  of  compressor  construction  have  been  used. 

1 — The  combination  of  dynamotor  and  compressor  in  one 
unit.  This  construction  is  particularly  desirable  where  two  blow- 
ers and  two  compressors  are  required.     This  is  also  a  very  atirac- 
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live  proposition  for  cars,  as  there  is  a  considerable  gain  in  weighl 
over  the  use  oi  .1  separate  dynamotoi   and  compressor.     These  d\ 
namotor  compressors  are  built  in  25,  37  and  50  foot  displacemenl 
icities 

1W"  ''ix'  voll  compressors  mechanicall)  connected  foi 
series  operation  on  [200  volts  and  for  multiple  operation  on  000 
volts.  This  unit  consists  of  two  600  volt  compressors  mounted  on 
.1  large  bed  plate  as  one  unit,  and  mechanically  connected  l>v  a 
multiple  disc  clutch.  The  coupling  is  made  by  a  pair  of  pinions 
and  a  shaft  on  the  upper  half  of  the  compressor  years.  This 
method  is  nearly  equivalent  to  connecting  the  two  armature  shafts 
direct.     Ii   has  the  advantage,  however,  of  maintaining  the  parts 


FIG.    I 


-MOTOR-DRIVEN    COMPRESSOR    SET   FOR    USE   ON    I2O0-1 500-VOLT    AND 
60O-VOLT    DIRE(   I  -(  CJRREN  I     LINES 


of  the  compressors  and  motors,  except  gear  case  cover,  standard 
and  requires  only  that  certain  parts  of  the  coupling  itself  shall  be 

111    l'airS-  SUMMARY 

While  high  efficiency  has  been  maintained  in  this  compressor 
development,  those  other  qualities  of  highest  importance  to  the 
railway  operator  have  been  given  even  more  consideration.  These 
are,  ability  of  a  machine  to  stay  on  the  road  regardless  of  weather 
or  voltage  conditions,  long  life  without  repair  or  renewal,  ease  of 
inspections  and  handling  in  shops,  quietness  of  running  and' 
economy  in  oil  consumption.  The  satisfactory  fulfilment  of  these 
desirable  elements  should  he  of  vital  interest  to  railroad  operator-. 
The  decrease  in  weight  of  equipments  and  actual  cost  of  com- 
pressed air  used,  due  to  higher  efficiency  and  shorter  time  of  run- 
nii i|  ell  as  longer  life  of  parts  means  decreased  operating  cost. 


SIGNAL  EQUIPMENT  OF  THE    I'll. I -WONT  SYSTEM 

WITH  SPECIAL  REFERENCE    TO  Till:   SECTION  BETWEEN   <;HARLOrTi     N    C 

AND  HUSKINS  'iARDS 
I     FREDERIC  HOWAUK 

i  ■  i.    I   nlon    Switch   .in.l   Signal   I 

IN  this  installation41  all  signals  are  operated  by  single  phase  alter 
nating  currenl  delivered  at  60  cycles.  2200  volts.     Hie  powi 
In 'th  for  the  propulsion  of  cars  and  for  the  signals,  is  obtained 
from  tlir  transmission  lines  of  the  Southern  Power  Company.  The 

■  -  and  locomotives  are  1  iperated  in  the  main  from  1500  voll  din 
currenl   trolleys,  although    there    are    sections   through  cities,  etc., 
where  the  trolley   voltage  is   500-600  volts.     The  service  include 
passenger,   freight   and  express  traffic.     Certain   parts  of   the   line 
are  used  in  common  1»\   the  cars  of  the   Piedmont   system  and  bj 
local  city  cars,  such  as  those  of  the  Charlotte   Electric  Company. 
Heavy  interurban  cars  are  operated  singly  or  in  trains.     In  the 
tion  between  Charlotte  and    Hoskins  the  operating  speed  is  about 
35  miles  per  hour  while  60  miles  per  hour  is  obtained    south  of 
Hoskins.     Freight  train-  are  handled  b)  electric  locomotives.     City 
cars  ai  20  minute  intervals  operate  at  all  times  of  the  year  between 
Charlotte  and  Hoskins  with  numerous  extras  to  handle  the  summer 
traffic  t<>  and  from  Lakewood  Park.    These  cars  operate  at  a  maxi 
mum  speed  of  about  ,}<>  miles  per  hour.   A  part  of  the  line  is  *  I  >  >i  1 1  >1  c- 
track  and  cars  <>n  this  section  may  be  operated  under  two  minute 
headway. 

The  arrangement  of  signals  for  tin-  section  is  indicated  in  Fig. 
1.  At  the  Hoskins  sub-station,  power  for  the  signals  is  obtained 
from  high  voltage  transformers  through  automatic  switches.  Ro- 
tary converters  supplying  power  for  the  operation  of  the  cars  are 
also  located  in  the  sub-station.  The  2200  volt  signal  lines  arc  car- 
ried "it  special  signal  cross-arms  attached  to  the  regular  trolley 
poles.  \t  signal  locations  the  voltage  is  reduced  from  2200  to  io 
volts  for  the  track  circuits  and  to  1  i<>  volts  for  the  lamps,  and  for 
the  signal  relays  and  -witch  indicators  by  the  use  of  double  sec- 
ondary transformers.  The  transformers,  lightning  arresters,  fuse 
blocks  and  adjustable  reactance  units  are  mounted  on  -hurt  pole- 
as  required  near  signal  indications.     The  current   supplied  t-»  the 


"\  general  description  of  the  Piedmont   System  is  given  in   this  is- 
sue in  the  article  by  Mr.  11.   I).  Murdock. 
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track  circuit  is  limited  by  adjustable  re- 
actance coils  instead  of  resistances,  thus 
affecting  a  considerable  saving  in  pow- 
er. The  alternating  current  supplied 
to  the  different  track  circuits  is  segre- 
gated by  insulation  joints  placed  be- 
tween rails  at  the  limits  of  the  block 
sections,  the  propulsion  current  being 
provided  with  a  path  around  these 
joints  by  impedance  bonds  of  compara- 
tively low  ohmic  resistance  but  high  re- 
actance. These  bonds,  while  permitting 
the  direct  propulsion  current  to  flow 
without  obstruction  around  the  insulated 
rail  joints,  oppose  the  flow  of  the  track- 
signal  current.  The  impedance  bonds 
are  mounted  on  the  ties  between  the 
rails  and  are  of  350  ampere  capacity  per 
rail.  The  use  of  alternating  current  for 
the  track  circuit  of  course  eliminates  all 
interference  by  stray  direct  current. 
The  current  delivered  to  the  track  cir- 
cuit is  maintained  normally  at  a  con- 
stant voltage  without  particular  atten- 
tion and  rarely  needs  adjustment.  This 
fact  constitutes  a  considerable  improve- 
ment over  the  use  of  batteries  which  re- 
quire considerable  attention  for  main- 
tenance and  renewal.  By  the  use  of 
the  two  rails  as  parts  of  the  alternating- 
current  circuit,  signal  indications  are 
pperated  by  the  connecting  together  of 
the  two  rails  electrically  whenever  a  car 
or  train  is  passing  through  a  given  block. 
The  short  lines  at  right  angle-  to 
the  heavy  lines  representing  the  rails  in 
Fig.  r,  indicate  the  limits  of  the  track 
circuits.  The  presence  or  absence  of  a 
car  in  each  section  determines  the  in- 
dication given  by  the  signals  through 
the    de-energization    or    energization    of 
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a  relay  in  the  track  circuit.  These  track  relays,  as  well  as  the 
other  relays  used,  are  controlled  entirel)  1>\  alternating  current  and 
arc  immune  to  direct-current,  and  hence  the  propulsion  current  can 
not  interfere  with  the  signals.  The  division  between  circuited  t> 
and  uncircuited  track  i-  indicated  by  a  small  cross  line  across  the 
rail  with  another  smaller  line  at  right  angles  to  it.  The  <l"t  and 
dash  lines  in  Fig.  i.  extending  from  the  signal  symbols  and  termin- 
ating in  arr«»w  points  indicate  thai  the  signal  is  controlled  by  the 
corresponding  parallel  track  extending  from  a  poinl  opposite  the 
base  of  the  signal  symbol  t<>  the  arrow  point. 


2— VIEW   <iK    SIGNALS    -Hi    LI>ED   BY    METAL    HOODS 

Stub  pole  on  the  left  carrying  transformer  and  other  equipment. 

At  switches,  sidings,  and  cross-overs,  protection  is  provided  by 
carrying  the  track  circuit  a  certain  distance  beyond  the  switches  so 
that  iw  case  a  car  comes  within  fouling  distance  of  the  main  track. 
the  fact  will  be  indicated  by  the  proper  signal.  Small  indicators  arc 
placed  at  switches  t"  show,  by  the  position  of  their  semaphores, 
when  a  train  i-  approaching  within  a  block.  Switch  boxes  which 
control  tlie  signal  indications  arc  attached  t>>  the  -witch  point-  at 
each  -witch,  so  that  the  opening  <  i  any  -witch  place-  the  signal 
protecting  that  -witch  at  danger. 

'  'no  tit*  the  distinguishing  feature-  of  this  installatii  n  is  the  fact 
that  it  i-  the  first  instance  in  which  light  signals  have  been  used  in- 
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stead  of  semaphores  on  an  installation  of  any  size.  Two  25  watt, 
1  [O  voll  tungsten  lamps,  provided  with  an  eighl  inch  lens,  furnish 
the  light  for  each  signal  indication.  The  signal  lamps  and  metal 
hoods  are  mounted  on  iron  posts,  with  the  relax-  eases  made  as  in- 
tegral parts  of  the  posts.  \  red  lighl  is  used  to  indicate  "stop,  not 
less  than  30  feel  from  the  signal,  wail  one  minute  and  then  proceed 
with  caution  to  the  nexl  home  signal,  expecting  to  find  track  ob- 
structed"; a  green  light  for  "proceed  at  speed,  block  ahead  is  clear"; 
and  a  yellow  light  for  "proceed  at  caution,  expecting  to  find  the 
next  home  signal  at  stop  or  red." 

The  use  of  light   signals  to  give  a  daylight  indication,  as  well 
as   for  night   service,  is  made  especially  difficult   in  the  case  of  the 


FIG.    3 — VIEW    <>F    LIMIT     SIGNAL, 
RELAY    ROX    OPEN 


FIG.    4 — DETAIL    VIEW    OF    RELAY    BOX 


green  indication  because,  if  reflectors  are  u^^\  giving  a  good  range 
of  visibility,  there  is  danger  of  a  false  indication  due  to  reflected 
light  from  outside  when  the  lamps  are  not  lighted,  and  if  too  high 
a  candle-power  is  used  to  secure  the  desired  range,  the  quality  of 
the  green  for  night  indication  is  impaired. 

It  was  found  that  the  desired  results  could  be  secured  by  the 
use  of  a  large  background,  which  was  obtained  by  flaring  the  hood 
at  the  sides  and  placing  a  vertical  visor  at  the  top,  or  by  the  use 
of  an  extension  from  the  sides  of  the  lamp.  As  the  green  lens  is 
the  one  from  which  it  would  he  dangerous  to  have  enough  external 


E0U1PMEN1  ON  THEP1EDM0N1  SYSTEM 


}\%\\\   i.  tit  cted  ti    giv<     l  falsi  dicatii in,  il   i-  pi  ell  up 

hi  the  hood  above  the  red  light      H<  '  ''""  v,~ 

kgri  >und  ah  n  e  the  green 
li   has  been   found  thai   pven  in   brighl    sun  lighl   the   red   and 
yellow  lij^ln ^  are  readilj  distinguishable  al  2000  feel  and  tli<-  green 
lights  at    1500   feet.      \t   night   the  indications  are  seen  clearly  at 
even  greater  distances.    The  glow  of  the  red  light  is  visible  in  fog 
for  I5ng  distances  even  when  a  semaphore  signal  would  be  invisible. 
\t   the  entrance  of  each  block,  home   signals  with   red  and  green 
li^ht-  are  placed  and  distanl  signals  with  yellow   and  green  len 
are  located  from  1200  to  [600  feel  in  advance  of  the  home  signals. 
The  advantages,  from  a  maintenance  point  of  view,  of  a  signal 
system  of  equipment  with  lighl  signals  is  at  once  apparent  when  il 
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i-  considered  that  the  onl)  moving  parts  in  such  a  system  arc  the 
relays.  Practically  the  only  regular  maintenance  required  1-  the 
replacement  of  lamps  and  of  fuses  blown  out  during  severe  electrical 
storms  It  is  true  that  the  range  of  validity  againsl  the  sky  back- 
ground is  n«»t  50  greal  a-  of  the  semaphore.  On  the  majorit) 
trolley  mad-,  however,  the  perspective  consists  of  pole  >s-arms 

and  .-pan  wire-,  and  under  these  conditions  the  light  signal  is  often- 
times superior  to  the  semaphore  as  regards  visibility. 


PROGRESS  ON  NEW  HAVEN  ELECTRIFICATION 

THE  original  electrification  of  the  Mew  York,  Now  Haven  & 
Hartford  Railroad  included  the  lour  track  line  from 
Woodlawn  (where  the  Mew  Haven  trains  from  the 
Grand  Central  Station.  Mew  York  City,  leave  the  tracks  of  the 
New  York  Central)  to  Stamford,  a  distance  of  about  22  miles. 
Extensions  recently  completed,  or  now  under  construction,  will 
complete  the  electrification  of  all  lines  West  of  New   Haven. 

The  Mew  lla\en  service,  both  freight  ami  passenger,  and 
that  of  the  Xew  York,  Westchester  &  Boston  Railway,  will  he 
operated   from   the  Cos  Cob   Power   Mouse,   just   west   of   Stamford. 
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A  statement  of  the  conditions  at  the  beginning  of  the  present 
year  and  the  anticipated  conditions  next  year  were  recently  pre- 
sented by  Mr.  W.  S.  Murray,  electrical  engineer  of  the  system. 
The  figures,  as  given  in  Table  1,  are  presented  graphically  in  the 

accompanying  chart. 

T VBLE  I 

1912  1<)I3 

Miles  of  Single  Track 114  ^52 

Capacity  of   Power  House.   Horse-Power 21000  46000 

Number  of  Locomotives 41  151 

Locomotives,   Horse-Power 41000  [28800 

l ..  .0  inn  ttive  Mileage 1  561;  648  5  4X0. 856 

The  electrification  of  the  Xew  Haven  tracks  from  Boston  to 
Providence  is  now  under  serious  consideration.  The  distance  is 
slightly  more  than  40  miles.  When  this  is  completed,  over  half 
the  distance  between  Mew  York  and  Boston  will  he  covered  by 
electric  locomotr 
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Pl<t  >i:\l;l.\  nowhere  has  the  search  for  efficiencj  been  more 
active  than  in  the  electric  railway  field.  Ever)  pari  of  the 
equipmenl  has  been  studied  with  the  greatest  care  to  in- 
crease  its  life  and  reliability  and  decrease  the  cost  of  maintenance. 
Not  onl)  has  there  been  a  great  increase  in  reliability,  but  the  cost 
of  inspection  and  maintenance  has  been  reduced  to  a  degree  that 
makes  it  cheaper  to  scrap  old  equipments  than  to  operate  them.  It 
is  intended  t"  discuss  in  this  paper  some  of  the  proposed  means 
for  saving  power  on  electric  railroads  and  to  clear  up,  it'  possible, 
me  of  tin-  misunderstandings  that  exist  at  the  present  tunc-. 

R]  Hit   riON     I  \    WEIGH  I 

In  the  development  of  electric  railways,  the  evolution  ol  cars 
and  equipments  from  the  old  horse  cars  n>  the  modem  double 
truck  city  car-  and  the  high  speed  interurban  cars  has  been  attend- 
ed by  much  grief  and  loss.  The  development  was  so  rapid  that 
the  only  method  possible  to  pursue  was  to  build  the  car  and  equip 
it.  using  the  best  judgment  available  in  proportioning  the  part-. 
Where  part-  broke  in  service,  they  were  usually  strengthened  by 
increasing  weight  and  section,  regardless  of  the  actual  cause  of  the 
break  which  might  have  been  in  something  entirely  different.  This 
of  course  resulted  in  designs  which  were  unnecessarily  heavy.  It 
is  the  part  of  good  designers  and  conservative  engineers  to  re- 
design them,  distributing  material  where  necessarj  for  strength  and 
cutting  out  as  much  unnecessary  material  as  possible.  It  is  aston- 
ishing what  results  have  already  been  obtained  in  this  line.  The 
use  of  high-grade  material-  and  pressed  steel  shapes  with  new 
types  especially  fitted  for  them  will  still  further  reduce  weights  of 
«ar  bodies  and  trucks. 

Motors  The  weight  of  motor-  may  be  reduced  by  very  care- 
ful designing;  by  the  use  of  high-grades  of  metal  to  give  the  nec< 
sary  mechanical  strength  with  smaller  sections:  by  the  use  of  high- 
er grades  of  insulation  which  will  allow  operation  at  higher  tem- 
perature- and  thus  permit  the  use  of  smaller  motors:  by  the  use  of 
forced  ventilation,  and  by  increasing  the  armature  speeds. 


♦From  a  paper  read  before  the   Baltimore   section   of   the    American 
Institute   of    Electrical    Engineers. 
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improved  Design  ["he  first  method  of  cutting  the  weight, 
thai  is.  by  eliminating  .ill  useless  weightj  is  a  quite  obvious  one, 
and  has  been  followed  to  a  greater  or  less  extent  for  years.  It  is 
now  being  worked  to  the  limit,  and  it  is  safe  to  say  that  all  motors 
which  arc  designed  hereafter  will  have  a  minimum  of  useless 
weight  in  them. 

High  Grade  Metals — There  are  now  very  few  motors  that  have 
cast  iron  in  them  where  weight  would  be  saved  by  the  use  of  malle- 
able iron  or  of  steel.  Heat-treated  steel  is  also  used  in  some  cases 
for  shafts.  The  possible  reduction  of  weight  in  shafts  is  very  lim- 
ited since  the  reduction  in  diameter  reduces  the  stiffness  in  the 
shaft  \er\  rapidly,  and  even  if  the  shaft  is  of  the  high  grade  ma- 
terial, it  is  not  safe  to  permit  the  deflection.  Great  improvements 
have  been  made  in  steel  castings  in  late  years.  Thinner  sections  can 
thus  be  used  than  has  been  possible  to  cast  heretofore. 

Hi(/li  Grade  Insulation  —  A  certain  amount  of  increase  in  capac- 
ity from  a  given  size  of  motor  may  he  obtained  by  the  use  of 
heat-resisting  insulation.  It  has  been  common  practice  to  use  mica 
insulation  for  armatures  and  asbestos  insulated  copper  for  held 
coils.  Asbestos  insulation,  however,  must  he  handled  with 
greater  care  than  cotton  or  similar  fabrics,  as  asbestos  is 
weak  mechanically,  and  armatures  are  more  liable  to  short- 
circuit.  The  net  gain  in  capacity  by  using  high-grade  in- 
sulation is  somewhat  reduced  because  better  insulating  ma- 
terials are  poorer  heat  conductors  and  a  given  load  produces 
higher  motor  temperature  than  with  poorer  insulation.  The 
limit  to  the  temperature  in  motors  at  present  is  the  melting  poim 
of  tin  solder.  Very  little  increase  in  temperature  above  tin- 
present  limits  will  be  possible  until  a  soldering  material  with 
higher  melting  point  is  produced.  Tin  melts  at  about  225  de- 
grees C.  This  seems  like  a  good  margin  to  give  a  motor  which 
is  supposed  to  operate  around  75  to  too  degrees  C. ;  as  a  matter 
of  fact,  the  sudden  heavy  loads  on  motors,  which  do  not  last 
long  enough  to  heat  up  the  entire  armatures,  will  last  long 
enough  to  melt  the  solder  or  at  leasl  -often  it  to  a  point  where 
it  is  thrown  out  by  centrifugal  action.  Any  increase  in  capacity 
produced  by  increased  temperature  will  be  obtained  simultane- 
ously with  lower  efficiency  of  the  motor,  since  in  most  cases  a 
-mall  motor  operated  at  heavy  overloads  and  high  temperatures 
will     have     a  lower     efficiency     than     a  larger     motor     operated 
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in  the  same  service.     Thus  pan  of  the  saving  which  is  ted 

l»\    the  use  of  a  motor  of  -lightly  lo-  weight   is  1< »>t  in  the 
creased  efficiency   oi  the  motor. 

/  treed  Ventilation  The  fourth  method  of  increasing  the  "in- 
put, namel)  by  forced  ventilation  is  quite  effective.  It  in< 
the  continuous  capacity  of  motors,  which  ordinarily  is  n-'i  mi 
than  45  to  50  percenl  of  the  one-hour  currenl  rating,  to  65  to  80 
percent  of  the  hour  rating*.  \  great  deal  ma)  be  accomplished 
b}  the  use  of  fans  on  the  armature  with  openings  through  the 
armature.  This  establishes  a  circulation  of  air  inside  of  the 
motor,  tlui*-  bringing  the  air  in  contacl  with  the  inside  of  the 
motor  frame  which  can  radiate  the  heat.  The  radiating  surface  of 
the  motor  ma\  he  increased  1>\  the  us<  of  ribs  casl  on  the  outside 
of  the   frame. 

High  Armature  Speed  Increasing  the  armature  speed  is  per- 
missible where  it  can  be  done  without  sacrificing  economy  ol 
operation,  A  certain  frame  is  adapted  to  give  a  certain  torque 
at  the  armature  shaft.  This  will  usuall)  be  somewhat  greater 
with  a  low  speed  winding  titan  with  a  high  speed  winding,  but 
roughly  speaking,  it  is  a  constant,  and  the  horse-power  rating 
of  the  motor  will  consequently  be  increased  as  the  rated  speed  is 
increased. 

An  equipment  with  a  high-speed  gear  ratio  on  city  car-,  will 
use  more  power  than  the  same  equipment  would  take  if  supplied 
with  the  maximum  gear  reduction.  The  recognition  of  this  fact 
has  resulted  in  a  wholesale  change  in  gear  ratios  on  the  cars  in 
many  of  our  large  cities,  notably  Brooklyn,  Chicago,  Baltimore 
and  Pittsburgh.  For  ordinary  city  service  a  motor  operating  at 
a  full-load  armature  speed  of  between  450  and  550  r.p.m.,  when 
supplied  with  its  maximum  gear  reduction,  will  give  the  great'  - 
nomy  in  operation.  Motors  operating  at  600  to  700  r.p.m.,  even  if 
supplied  with  maximum  gear  reduction,  will  require  more  pow<M- 
on  account  of  greater  rhcostatic  losses  in  starting.  Consequently, 
it  i-  ntial  that  care  he  used  in  selecting  motors,  not  simply 

to  pick  the  strong  motor  having  the  lightest  weight,  hut 
one  which  has  the  correct  speed  and  torque  characteristics.  Tt 
will  he  found  that  far  more  can  he  saved  b)  gearing  the  motor 
for  the  most  economical  speed  than  by  any  reduction  in  tin- 
weight.  It  is  not  at  all  uncommon  to  save  15  or  20  percent  in 
power  by  a  change  in  gear  ratio,  while  the  weight  of  the  motors 
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alone  cannot  be  changed  by  increasing  the  speed  so  as  to  affect 
the  total  oar  weight  more  than  five  percent.  Further,  any  in- 
crease  in  armature  speed  above  the  economical  speed  will  not 
reduce  the  weight  of  motor  required  for  a  given  service,  for  the 
root-mean-square  current  of  the  high-speed  motor  will  be  greater 
than  that  oi  the  low-speed  motor  in  proportion  to  the  increase 
oi  speed,  which  is  proportional  to  the  increase  in  capacity. 
Therefore,  a  given  service  will  produce  equal  heating  in  motors 
<.'\  the  same  weight  but  different  speeds  with  the  same  gear  ratio. 

Control—  The  weight  of  control  apparatus  may  be  reduced  by 
improved  design  of  parts,  by  more  efficient  arrangement  of 
switches,  by  more  efficient  use  oi  resistance,  and  by  heller  loca- 
tion of  apparatus  on   the  car. 

Improved  Design — High  grade  material  may  be  employed  to 
advantage  in  control  apparatus.  The  greatest  reduction  in  weight 
will  probably  he  effected  by  the  use  of  structural  and  sheet  steels 
in  place  of  cast  iron. 

Improved  Arrangement — Where  a  number  of  similar  opera- 
lions  are  to  be  performed  by  a  numher  of  similar  units  of  ap- 
paratus there  is  the  possibility  of  accomplishing  the  same  result 
with  widely  different  numbers  of  units.  Reducing  the  numher  of 
units  required  to  a  minimum  is  a  matter  of  development  and  fre- 
quently there  is  a  chance  that  some  new  combinations  of  units 
may  he  discovered  which  will  employ  fewer  units  than  required 
by  present  standards  and  so  reduce  the  weight  of  the  control 
equipment. 

Better  Use  of  Resistance — By  using  the  same  sections  of  re- 
sistance in  different  combinations  for  different  controller  notches, 
not  only  may  the  weight  of  resistance  he  reduced,  hut  the  number 
of  switches  employed  may  he  decreased  and  the  main  wiring 
lessened. 

Better  Location  of  Apparatus — The  amount  of  wiring  may 
be  reduced  to  a  minimum  by  carefully  arranging  the  apparatus 
under  a  car. 

Two-Motor  Equipments — In  many  of  the  large  electric  rail- 
ways and  steam  railroad  electrifications,  the  advantages  of  two- 
motor  equipments  in  place  of  four-motor  equipments  have  long 
been  appreciated.  Where  only  half  of  the  wheels  are  available 
for  adhesion,  of  course  tin-  conditions  of  grade  and  climate  must 
he  such  that  from  60  to  j^  percent  of  the  total  car  weight  will 
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permit  developing  sufficient  traction  i'<t  all  the  requirements  of 
the  service.  With  two  motors,  the  t ■  >t al  equipment  weight  per 
horse-power  is  from  seven  to  30  percenl  less  than  with  quadruple 
equipments.  \  further  gain  ma)  be  made  in  the  trucks.  In 
addition  t<>  having  a  higher  weight  efficiencyf  two  motor  equip- 
ments have  higher  electrical  efficienc)  and  reduced  firsl  cosl  and 
C(  »s1  of  maintenam 
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Probabl}  five  to  ten  percent  of  all  the  power  used  for  pro- 
pelling electric  cars  and  trains  could  be  saved  by  correct  gearing 
The  maximum  mar  reduction  varies  from  3.5:1  to  5:1.  depending 
upon  the  power  "i'  tin-  motor.  The  armature  speed  at  the  500 
v<>lt  rating  of  a  motor  varies  from  500  to  (>5<»  r.p.m.  Therefore, 
with  maximum  reduction  ami  minimum  wheel  diameter,  the  car 
speed  at  full  load  of  the  motors  varies  between  about  i<>  to  [8 
miles  per  hour.  Even  motors  of  the  same  power  are  built  for 
such  speeds  that  with  the  same  gearing,  the  car  speeds  differ  by 
as  much  as  _'5  percent.  The  opportunity  for  incorrect  motor 
application,  particularly  where  stops  arc  frequent,  is  therefore 
apparent. 

City  Service  In  city  service  there  is  very  little  running  at 
full  speed.  The  essentials  for  maintaining  the  schedule  are 
rapid  acceleration  and  braking.  In  nn  si  cases  there  is  no  diffi- 
culty in  keeping  car-  on  time  with  the  motors  geared  with  the 
maximum  reduction.  Under  such  conditions  a  motor  of  low 
r.p.m.  with  the  same  gear  reduction,  will  either  give  the  same 
rate  of  acceleration  with  less  cunvnt  or  with  the  same  current 
it  will  give  a  higher  rate  of  acceleration  than  the  motor  of  higher 
r.p.m.  Both  of  these  feature-  tend  to  reduce  the  power  con- 
sumed. 

Vs  an  illustration  compare  the  shorter  run-  in  Figs.  1  and  -•. 
In  each  case  train,  grade  and  curve  resistance  has  been  taken  at 
_>j  lbs.  per  ton.  The  slow-speed  motor  of  Fig.  2  tak  ■-  the  same 
accelerating  current  a>  the  high-speed  motor  of  Fig.  1.  Because 
of  the  quicker  start  with  the  low-speed  motor,  the  heavy  current 
does  not  lasl  so  long,  the  same  amount  of  coasting  is  obtained, 
and  the  brakes  are  applied  at  a  lower  speed.    The  gain  in  power 


*See  article  by   Mr.    \\   W.   Storer   in    the   Journal   for   September. 

p.   510:   ami   l>y   the   author   in    the   issue   U>r  July.    nx><>.  p.   .V<<> 
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consumption  in  favoi  of  the  slow-speed  motor  is  to.9  percent. 
Part  of  this  saving  is  the  result  of  lower  rheostatic  losses  and  the 
balance  is  due  to  the  smaller  amount  of  stored  energ)  wasted  in 
the  braking  process,  rhese  curves  will  also  serve  to  illustrate 
the  effect  of  gear  ratio.  The  high-speed  motor  corresponds  to 
the  slow-speed  motor  with  a  4.43:1  gear  reduction.  However,  in 
tin's  instance  the  ear  weights  should  be  the  same  so  that  the 
difference  in  favor  <<\  the  sLow-speed  gearing  is  even  a  little 
greater  than  the  [3.8  percent  saving  indicate. 1  1>\  the  watt-hour 
per  ton-mile  values  oi  the  figures.  Figs.  1  and  2  show  that  the 
two    motors    make    the    schedule   equally    well.      The    higher   ac- 
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celeration  is  obtained  with  the  slow-speed  motor  without  sub- 
jecting the  equipment  to  any  heavier  current.  The  amount  of 
coasting  is  practically  the  same,  so  that  if  the  runs  were  made 
without  any  coast,  the  times  would  he  the  same.  The  high- 
speed motor  is  already  -lightly  overworked,  so  there  is  no  hope 
of  making  a  faster  schedule  by  forcing  its  rate  of  acceleration  up 

the  value  which  is  safe  with  the  -low  -peed  motor.  Neither 
can  the  high-speed  motor  take  advantage  of  more  rapid  braking 

increa-e  the  schedule  speed.  However,  since  the  slow-speed 
motor  i-  not  yet  worked  up  to  its  full  capacity,  ii  ran  use  faster 
Y>raking  to  a  certain  extent  without  being  overloaded. 

Xow  consider   whether  the   saving  due   to  less   weight   will 
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make  up  for  the  loss  in  power  consumption.     If  th  under 

isideration  makes  30000  miles  annually,  the  car  with  lighl 
high-speed  motors  at  4.J1  kw-hr.  per  car-mile  will  consume 
[26300  kw-hr.  annuall)    while  the  car  with   -1"  1   mol 

will  consume  11  kw-hr.    The  annual  saving  is  [3  800  kw-hr. 

\:  one  cent  per  kw-hr.  thi-  amounts  to  $138.      \i   five  cents  per 
pound  per  year,  the  high  speed  mol  >r  car  would  save  $100  an 
nually.    The  nel  saving  is  $38.00  annually  in  favor  of  the  slow 
speed   motor. 

1 1    the  heavier   car  consumed   the   same   energy   per   ton-mile 
t  [45  watt-hours)  as  the  lighter  car,  the  latter  would  save  in  en<  1 
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1350  kw-hr.  annually.  Hence  $43.50  of  the  $100.00  annual  saving 
credited  t"  the  light  motor  above  is  not  really  obtained  and  the 
actual  net  saving  for  the  slow  speed  motor  is  $81.50  per  year. 

ombined  City  ond  Suburban  Service  In  this  class  of  service 
the»same  general  principles  hold  as  for  city  service.  The  possibility 
of  lining  high  speed  is  only  slightly  greater  than  in  city  service  as  the 
stops  are  -till  comparatively    frequent. 

For  example,  assume  thai  the  operation  oi  .1  certain  line  com 
prises  six  miles  oi  city    running  with  nine  stops   pei    mile    ind 
miles  of  suburban  running  with  rive  stops  per  mile      The  minimum 
running  tunc  without  an)         -      s  68.8  minutes   for  the   slow 
motor  and  68  minute-   for  the  high  speed  motor,  a  difference  ol 
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o.^  minute  or  1.10  percent.  On  the  basis  of  a  schedule  time  of  81 
minutes  for  the  run  one  way  and  operation  of  the  two  motors  as 
shown  in  Figs,  i  and  2,  the  power  consumption  with  the  high-speed 
motor  i^  42. 54  kw-hr.  per  trip  and  with  the  slow-speed  motor  is 
39.9  kw-hr.  per  trip,  the  latter  saving  <>._'  percent  of  the  energy 
required  by  the  former. 

In  this  class  of  service  the  annual  car-mileage  is  generally 
higher  than  in  city  service  only,  on  account  of  the  longer  trips, 
somewhat  higher  average  speeds,  and  smaller  difference  hetween 
the  average  and  maximum  number  of  cars  required  at  different 
times  ^i  the  day  and  year.  Assuming  40000  miles  per  car  yearly 
and  power  at  one  cent  per  kw-hr.,  the  saving  by  using  the  slow- 
speed  motor  instead  of  the  high-speed  motor  amounts  to  $46  an- 
nually. 

Interurban  Service — Practically  all  interurban  railways  enter 
<>ne  or  more  large  towns  or  cities  over  tracks  laid  in  the  streets. 
This  condition  generally  requires  slow-speed  running  and  therefore 
this  part  of  the  service  is  most  economically  maintained  by  the 
slowest  speed  gearing  suitable  for  the  other  service.  Many  of 
these  railways  give  both  local  and  limited  service.  The  local  serv- 
ice, because  of  the  more  frequent  stops,  will  work  the  motors  more 
nearly  up  to  their  full  capacity  than  will  the  limited  service.  In 
order  to  minimize  the  size  of  the  equipment  and  get  the  maximum 
economy  of  power,  the  gear  ratio  should  he  selected  on  the  hasis 
of  the  local  service,  and  the  limited  schedule  adjusted  to  suit  the 
equipment  and  gearing  best  adapted  to  the  local  service.  If  a  high 
speed  limited  schedule  is  taken  as  the  hasis  of  choosing  the  gear 
ratio,  one  of  two  evils  frequently  results: — 1 — A  small  equipment, 
geared  for  abnormally  high  speed  and  just  able  to  maintain  the 
limited  schedule  nicely,  is  selected,  with  the  inevitable  result  of 
overheating  the  motors  in  local  service;  or — 2 — a  large  equipment, 
geared  to  maintain  the  limited  schedule  and  yet  of  sufficient  ca- 
pacity to  perform  the  local  service  without  over  heating,  is  chosen 
with  the  result  that  the  power  consumed  in  local  service  is  excessive 
and  equipments  are  heavier  than  need  he. 

In  the  last  analysis  we  believe  that  the  extra  cost  of  excessively 
high  speed  limited  service  is  rarely  equalled  by  the  additional  reve- 
nue obtained  on  account  of  the  excess  in  speed  over  what  could  be 
secured  with  equipment  geared  for  moderate  speed. 

Table  II  shows  that  the  power  consumption  per  car-mile  for 
local   service  is  2.4  kw-hr.   with   y^  hp  motors  and  2. 7  kw-hr.   with 
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90  lip   motors  ami  for  limited  service  is  2.03  kw-hr.  and  2.39  kw-hr. 
with  the  ~?  lip  and  90  lip  mi  tors  respectively. 

REl  l    OP]  r  \  lit  >  .N 

l'.\  correct  operation  1-  meanl  the  use  of  proper  accelerating 
and  braking  rates  so  as  i"  obtain  the  greatest  amount  of  coasting 
consistent  with  the  particular  equipment  used  in  anj   given  service. 

Acceleration  It  1-  frequent!)  found,  where  a  road  1-  operating 
under  a  fairly  easy  schedule,  that  the  motormen  will  accelerate 
rather  slowl)  and  perhaps  operate  with  the  motors  connected  in 
series   for  a  considerable  part  o\   the  time-.     So  far  as  comfort  is 
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concerned,  rates  of  acceleration  up  to  two  miles  per  hr.  per  - 
arc  in  use  without  objection.     Fig.  3  shows  a  run  of  one  mile  at 
a  schedule  speed  of  -'4  miles  per  hr.  with  various  rates  of  accelera- 
tion.    The  braking  rate  i-  constanl   at    [.25  miles  per  hr.  per  - 
A  consideration  of  thi»  figure  shows  that  by  varying  the  accelera- 
tion from  0.75  miles  per  hr.  per  sec.  to  1.5  miles  per  hr.  per 
the  power  consumption   ma)    be  reduced   29.6  percent.     It   should 
be  noted   in  this  connection,  however,  that   the  maximum  current 
requirements  vary  from  370  amperes  per  car  with  the  lowest  rate 
of  acceleration  to  570  ampere-  per  car  with  the  highest  rate  of  ac- 
celeration.    Hence  substation  and  line  capacity  must  be  considered 
in  main    instances. 
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isting  Hie  aniounl  of  coasting  obtained  is  a  fairly  good 
measure  <>t  the  difference  in  power  consumption  for  a  given  run 
made  under  different  conditions;  because  when  the  amount  of 
coasting  is  great,  ii  usually  means  thai  the  acceleration  is  rapid 
and  thai  the  braking  rate  is  also  high.  The  actual  economy  obtained 
by  increasing  the  amount  of  coasting  in  any  given  service  is  not 
affected  during  the  coasting  period  itself,  but  is  the  result  of  more 
rapid  acceleration,  with  power  taken  from  the  line  a  decreased 
proportion  of  the  lime,  and  of  a  higher  braking  rate  with  decreased 
waste  of  energy  in  heating  the  brake  -hoes  and  wheels. 

Braking-  <  >ther  things  remaining  the  same,  an  increase  in  the 
braking  rate  produces  a  decrease  in  power  consumption  because  the 
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M.P.H.P.S. 

Kw-Hr. 
per  Car- 
Mil; 

I 

1 
2 
3 
•1 

0.8 
1.0 
1.36 
1.50 

2.0 

2.n 

2.585 
2.417 
2.353 
2.293 

\ 

I 

^ 

>> 

1 

< 

I  „ 

^^2 

^ 

s 

«^3 

4 

—20' 

/ 

Kl*j 

~ar 

\\ 

\\5 

u\ 

/ 

r 

1 

2 

I 

N 

4 

/ 

/ 

4 

— j<r 

/ 

\ 

/ 

: 

i 

4 

i 

6 

I 

i 
Sec 

1 
)nds 

i0 

i 

10 

140 
1 

Car  weight  38  tons.     Four  75  hp,  500  volt  motors. 

fig  4 

brake-  will  be  applied  at  a  lower  speed  and  consequently  there  will 
be  less  of  the  stored  energy  of  the  car  consumed  during  the  brak- 
ing period.  This  saving  is  indicated  directly  by  the  decreased  time 
during  which  it  is  required  to  supply  power  to  the  car  in  order  to 
maintain  a  given  schedule.  Fig.  4  shows  the  same  run  as  in  Fig. 
,S  except  that  a  constant  accelerating  rate  is  maintained  and  the 
braking  rate  is  varied.  By  varying  the  braking  rate  from  0.8  miles 
per  hr.  per  sec.  to  2.0  mile  per  hr.  per  sec,  the  power  consumption 
reduced  ^,5  i  pel  cent 
A  general  curve  showing  the  rheostatic  lo^sci  in  an  equip 
ment.  plotted  against  the  =peed  at  which  the  rheostats  are  all 
cut  uut  of  the  circuit,  the  stored  energ)  in  a  car  at  any  speed,  and 
the  power  input   to  the  car  in   bringing  it    from   rest  up  to  any 
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^ncii   speed        1     en  in   I  ig    5      The  energ  propel  a  cai   is 

utilized  in   heating   thi    ■  equipment,  overcoming   rh< 

rting,  in  heating  brakt    shoes  and  wl  ind 

in  overcoming  th(    friction  and  winda  Th<       tter  item  is  tli< 

useful   \\<>rk   and    is  practicall}    constanl    [01    given    service   irre 

spective  of  the  method  of  operation. 

I'.\   using  a  mo  designed  and  geared  that  the  rheost; 

will  all  be  cut  oul  of  circuil  al  a  low  speed,  the  rheostatic  \<<- 

will  be  below  those  ob 
tained  when  the  rheo 
stats  are  cut  1  »ut  of  cir 
cuit  at  a  higher  speed. 
\\  ith  a  gi\  en  equip- 
ment, increasing  t  h  e 
rate  of  a<  1  eleration  pro- 
duces this  result.  I  light- 
er rates  of  acceleration 
permil  the  car  i<»  coast 
to  a  lower  -.] >Li<l  before 
the  brakes  arc  applied 
and  therefore  less  ener- 
gy is  wasted  in  heating 
tin.-  brake  shoes  and 
u  heels.  I  tigh  rates  1  if 
braking  accomplish  the 
same  result. 

The  curve  in   1  •;. 
in  a  r  k  e  d       "rheostatic 
I.  >ss<  s"  shov*  -  wli.it  in 
t  fun   be  accomplished  by  cut- 

voltage  85  percent,  acceleration   1.;  mi.  per  hr.    ting    oul      the    rheostats 

'  a,?"f  '"'Vi   l%  fiS^Con!ro!'   more      quickly.       The 

s-parallel;  series  parallel  wit n  ti«-ui  control.  ' 

curve  marked  "stored 
energy  no  rotational"  e  a  measure  of  the  amount  of  energy 
wasted  in  braking  from  any  given  speed  and  shows  what  may  be 
omplished  by  applying  the  brakes  at  a  lower  car  speed.  This 
curve  i>  u^cd  in  preference  to  the  one  including  the  energy  of  ro- 
tation in  armatures,  gears,  wheels  and  axles  since  this  rotational 
energy  will  be  about  balanced  by  the  train  resistance  while  brak- 
ing. 
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FIELD    CONTROL 

The  question  that  naturally  arises  is,  what  are  the  advantages 

of  held  control?  The 
answer  is  brief,  to  save 
power.  This  is  accom- 
plished on  the  same  gen- 
eral principle  hv  which 
power  is  saved  by  the 
use  of  slow  speed  mo- 
t(  >rs  and  high  gear 
ratios  ;  namely,  m  o  r  e 
efficient  acceleration.  In 
Fig.  5,  the  rheostatic 
losses  with  held  control 
are  less  than  for  the 
same  speed  with  ordin- 
ary control  because  held 
control  is  used  in  series 
in  place  of  the  last  re- 
sistance step.  Fig  6 
shows  the  speed  and  tractive  effort  curves  of  a  40  hp  field  con- 
trol motor  with  maximum  gear  ratio  and  33-in.  wheels.  Fig.  7 
-hows  the  characteris- 
tics of  the  correspond- 
ing slow  speed  motor 
without  field  control, 
and  Fig.  8,  the  corres- 
ponding light  weight 
m<  itor.  From  these 
curves  it  is  seen  that 
the  speed  of  the  field 
control  motor  on  nor- 
mal held  is  about  the 
same  as  that  of  the  slow 
speed  motor  without 
field  control,  while  the 
speed  of  the  field  con- 
trol motor  on  full  held 
ery  low.  The  full 
field    is    used    in 


FIG.    6 
Field    control:    40    hp.    500   volt    motor: 
gear  ratio;  33  in.   wheel. 
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Standard    40   hp,    500    volt    motor,    5.1 2    gear 
acceJ.    ratio.  33  in.  wheel. 

crating  and   therefore    the    rheostatic   losses   are    greatly   reduced. 
The  normal   speed  is  used   for  running  and   enables  the  car  to  at- 
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tain  tht.-  same  speeds  as  with  the  non  field  control   motor,  so  thai 
the  braking  l<  isses  are  not    inci  i  ised 

Tin  following  example  will  serve  i<>  show  the  saving  which 
may  be  obtained  by  fielcl  control.  Suppose  thai  tin-  tractive  effort 
per  motor  required  to  give  the  necessarj  acceleration  i-  i  575  !l>. 
With  a  non-field  control  motor  this  takes  75  amperes  and  with  1 
field  control  in  I  r  only  68.5  amperes,  rhe  rheostatic  losses  are 
all  cut  "tit  at  8.9  miles  per  hr.  with  field  control  motor,  inn  are  not 
«ut  out  until  a  speed  <>t'  9.9  miles  per  hr.  i-  reached  with  the  non- 
field  control  motor.  Reference  t"  tin-  general  curve  Fig.  5  will 
show  that  the  corresponding  rheostatic  lo  ire   [.07  watt-hours 

per  ton  with  the  field  control  motor  ami   1.62  watt-hours  per  ton 

with    the   non-field   con 

rol     motor.      In     other 

words,   the   field  control 

r    sa\  1  5    watt- 

h<  >urs  per  \>  m  every  time 

the    car    starts.     If    the 

car  weighs  30  tons  and 

makes     nine     Mop-    and 

starts  per  mile,  the  sa\  ■ 

mi;    i>  0.149  kw-hr.   per 

ar-mile. 

Fig.  n  shows  tin-  -ante 
run  as  in  Figs.  1  and  -' 
made  with  the  same  ac- 
celeration as  used  for 
tin-  slow-speed  motor  in 
Fig.  2.  Table  !  gives 
tlu-  results  fr<  'in  Figs.  1. 
-  ami  <;.  The  power  consumed  i-  3.30  kw-hr.  per  car-mile  <>i-  9.6 
percent  less  than  with  the  slow-speed  motor  of  Fig.  2  and  [9.5  per- 
cent less  than  with  the  high-speed  motor  of  Fig.  1.  In  this 
the  use  nt  a  slow-speed  motor  instead  of  a  high-speed  motor  re- 
duce- the  power  consumption  [0.9  percent  while  the  use  of  held 
control  make-  a  further  reduction  of  9.6  percenl  and  the  combina- 
tion <>f  slow-speed  motor  and  field  control  produces  a  saving  of 
[9.5   percent. 

For  combined  city  and  suburban  service,  similar  results  arc 
obtained.  The  application  of  field  control  to  the  example  of  this 
class  previously  considered,  shows  that  the  held  control  motor  will 
make  the  trip  with  3?~(<  kw-hr.  and  therefore  will   save    [O.4  1 
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i  of  the  power  used  by  the  slow  speed  motor  and    15. 9  percenl 
that  required  by  the  high-speed  motor. 
F01  inter/urban  service,  field  control  produces  mon  economical 
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running  over  the  slow-speed  city  sections,  permits  the  use  of  a  gear 
ratio  which  is  economical  for  local  service  and  with  the  same  gear- 
ing gives  a  higher  limited  speed  than  could  be  obtained  with  the 
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same  size  non-field  control  motor    geared    for    the  local  schedule. 
This  tends  not  only  toward  economy  in  local  service,  but  also  to 
wards  reducing  the  motor  capacity  required   for  the  operation  oi 
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frequent-stop  local  service  ami  high  speed  limited  service  with  the 
same  gear  ratio. 

A  75-hp  field  control  motor  geared  for  I«  -l  .il  service,  as  hei 
tofore  described,  and  operating  as  shown  in  Fig.  io,  will  maintain 
a  limited  schedule  speed  of  38  1  miles  per  hr.  which  is  the  same 
as  that  possible  with  the  next  size  larger  non-field  control  motor. 
At  the  same  time  the  reduction  in  power  consumption  is  [5.9  1 
cenl  for  local  service  and  11.7  percent  for  limited  service.  The 
power  consumption  in  limited  service  is  somewhat  more  than  with 
the  ordinary  ~?  lip  motor  on  account  of  the  faster  schedule  speed 

I  IBLE   I      COMPARISON    "I     KE81   LTS   "K I  MM.H    WITH    MOTOKS    "I 

I'll  I  1  1:1  \  1     rYPKS 



Time   of  rui  61 

.  •  t  mile 9 

!•■-••  7 

■  i    In |  i.8 

Braking  i"  i'  in.  i  1.25 

Moti       equipmenl i    10  hp.  i    10  hp. 

n.  wheels .'..  i  •_' 

Light    Stand       Kield         Light     Stand-      Meld 

M'  ''■'    tv £"-"  wt.  wt.         ard 

liotoi     rev.    per    min.    al     i  • »    bp    at 

.'.'"I    volts i. ii-  i  in  60S  i  I." 

\n  :nll   load   of   toi 7.;  78 

weight— equippi  d  ai  I  — 

tons    20 

■  I.     :• !  1 1 1  •  -  inot"i 76 

\.                    -miles  per  hr.  per  ->  •  I.  •           l.sh         i--           1.3                         l>ti 

I  when  rheos                 ill  12.4                          3.9          1 2. 1 

7.5          7.5         I".-           19.8        18.8         ''    : 

a   time   bi  akes   are   applied 

miles  per  In 16.2                       14. 5                         16            14.7 

u  att-hra.    pei    ton-mile 145                        118 

R.m.s.  amp<  rea  p<  r  mot  r. . .  18.8       83.8        3     • 
I .  mp.    rise    in    - 

I 17                               .Mi             1  -J              10 

Kw                          mile 1.21                                       '  -  -        --'.90 

maintained  with  the  field  control  motor.     The  comparative  results 
arc  shown  in  Table  1 1. 

Table  III  shows  the  results  of  tests  on  the  Frankstown  Ave- 
nue line  of  the  Pittsburgh  Railways  Company.  The  ear-;  and 
equipments  in  this  case  were  identical  except   for  gear  ratio. 

Te^t  ./  was  made  with    a  slow-speed    gearing,    while    test  B 
was  made  with  a  higher-speed  gearing.     A  comparison  of  the  ser- 
vice conditions  shows  that  the)    were  approximate!)   the  same     the 
slightl)  highei  schedule  speed  in  test  B  being  balanced  b)  the  some 
uhai  fewei  stops  and  slow-downs,  shortei  duration  of  stop  and  de 
creased  average  passenger  load.      Mr-  railwa)  compan)   had  in 
vice  a  number  of  ear-  equipped  as  for  test   /'. 
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Hie  car  geared  as  for  test  ./   was  operated  in  regular  service 
for  a  considerable  period  of  time  prior  to  the  tests  and  proved  it- 
self capable  of  maintaining  the  schedule  equally  as  well  as  the  car 
-.red   for  higher  s]  eed.      h   will   be  noted  thai   no1   only  did  the 

.  \     '  i     'l      SHOWING    POWER    COXS1   MPTION    l'i:i;    (    \li    MILE 

_ 1 1 1   "i   vim — miles i                  I  I  ii  <;  6 

Time   «>i    ran — seconds I  i0              150  150  611.8  508  563 

Length    ol    stop — seconds i  1.5  I  60  00  60 

Schedule  speed — mi.  pev  In...  I                •_'  I  24  35.3  38.4  88.4 
\.  ■  1 1.    rate — mi.    per    hi",     pel 

sei 1.23             1.25  1.25  1.25  1.25  1.25 

Braking    rati — mi.    per   In.    pel 

- 1.23  1.25  1.25  1.25 

Motoi     equipment I    75  hp     i    75  hp  4-90  hp  I    75  lip  i    75  hp  1-90  lip 

Mot    i    type  Standai  i     control     Standard     Standard      control      Standard 

Amperes  at    full  load  ot   motor.  i    U  150  130                130  156 
weight          equipped      and 

loaded  -  -  tons 38  S.>                19.3  3ri                   18  39.5 

Vccel.    amperes   per    tor....  1-7  I                   177.5  127                122  177.5 

i    ;it    which    rheostats    an 

all   "in — mi.   per   lir !1.3  2S.2  20.3  28.2 

Coasting    timi — seconds 60  70                ...  67.8               S6.2  S6.7 

Speed    when  braki                  i...  27.1  26  30                  30  30 

Kw-hr.    pel    car-mile •_'.  I  2.70  0                 '2.11  2.39 

\\  att-hrs.   per  ton-mile .  6S.  J  i .  .  i               55.5  60.5 

Temp,   rise    in   service    from   air 

25    di  gress    C 58  60                70  50                   18  60 

tests  show  that  the  low-speed  gearing  effected  a  saving  of  [3.8  per- 
cent in  the  power  consumption,  but  they  also  showed  that,  whereas 
the  equipments    with    the    high-speed  gearing  were  operating  with 

TABLE    III     -TESTS    ON     FRANKSTOWN    WE.   LINE  OF    PITTSB1  RGH 

l; AII.W  IYS   I  OMPAN1 
Showing    effect    ol   gear   ratio  on   powei    consumption  and  motoi   heating 

Items  \  i: 

Weight    ..1    iniitm    <.  1    without    I                  ....  19.00(1  19,000 

Weight    ol    trailer  <-.n    without    loail   -lb....  23.000                                 23, > 

Motors    I     i()  lip  i    50  lip 

ratio — 33    in.     ivheels 1.0  3.67 

Schedule  sliced — mil<  s   per  In 9.15  9.50 

I  er  mile S.7  S.63 

Slow-downs    per    mile 1.94  l.-'<7 

ition   "i                      6.2 

1 .:7  SO 

Vveragc    \ •>! t ;i ^«     l~:;  180 

Watt-hours    pi                 ile 137  159 

\  .   .i-_.    i.  mpi  i atui •  i  matures 

i  .   air   temperature  .  68. S  -  i .  8 

\    saves    is  -  ol   the  power  used   bj    li;    rest  in-    correel    pearing.      Day's  service 

■  -.,  r  iiini  tripe  with  trailer-,  then  three  round  trips  without  trailer, 
followi  d  b  \>  itli   ti". nil  ' . 

dangerous  temperature  rise,  with  the  Io\a  speed  gearing  the  heating 
of  the  motors  was  just  within  safe  limits.     All  equipments  of  th< 
same  motors  installed  since  these  tests  were  made,  have  been  pro- 
vided with  the  slow-speed  gears. 


Table   l\    shows  the  result  of  ;i   series  of  tests  made  on  the 
cars  of  the  Metropolitan  Street   Railwaj   Company   of  New   Y< 
It  will  be  seen  from  this  table  1>\  comparing  tests  i   and  -•  that  the 
use  of  a  slower  -peed  armature  and  greater  gear  reduction  effected 
a  power  saving  "t'  7  percent.     In  test  $,  throughout  the  »ted 

district  the  equipments  were  operated  in  series  onh  and  then  oper- 
ated in  series  and  parallel  on  the  remainder  of  the  runs.  In  spite 
of  the  fad  that  this  test  shows  nearly  jj,  percent  more  stops  than 
test  -'.  the  power  consumption  was  decreased  5.5  percent  due  \>> 
the  use  of  field  control. 

In  tesl  ,  the  number  of  stops  and  other  service  conditions  are 
practically  tlu-  same  as  in  tests  1  and  2  hut  the  motors  were  oper- 
ated making  full  use  of  the  held  control  in  series  and  parallel  over 
the  entire  line.     This  test   showed  7  percent  less  power  consump- 

r.VHU     i\       IKSTS  SIlOWLMi    I  M  I  i    I    "I    UKAH    RATIO    VXD  F1KLD  CONTROL 

«.\    r<>\\  1  1;   i  OXSI  Ml'  I  l"\ 

Slo»- 

I  .  -1  No.       loaili  ,,,  ||,,  ,,,,1,  -  I'  - 

null  stop  hr. 

7.1     ■• 

61  III 

7.  1  • 

7.  i  .11 

.1    in   I  1  Saves  ' 

lined   l.\    1.  ii    4i>  lip  eld  control    40   hp  niol 

,|.       4 —  I  •  ,..|      |u     |ip 

inoto         S  i  used   uj    2, 

powei    used  bj  I  -. 

tii >n  than  test  3  with  it-  greater  number  of  stops  and  1  _>  percent 
saving  in  power  in  comparison  with  test  _\  where  the  service  con- 
ditions were  practically  the  same.  Substantially  all  of  thi>  saving 
was  due  to  the  use  of  the  field  control  motor  in  test  /  as  against 
the  non-field  a  ntrol  motor  in  test  _\  In  tin-  conection,  it  should 
be  noted  that  while  the  6 >  hp  motors  of  test  /  showed  an  average 
temperature  rise  of  about  48  deg.  C.  corrected  to  air  at  25  degr< 
the  40  hp  motors  in  test  showed  only  58  degrees  rise,  which  i- 
-till  a  perfectly  sate  operating  condition. 

Summing  up  the  results  of  calculations  and  tests  a-  previously 
described  in  detail,  it  is  found  that  proper  gearing  and  armature 
speed,  correct  operati<  n  and  field  control  an  itial  to  the  most 

economical  operation  ol   railway   service  and  the  indications  are  that 
fie  in   i(>  to  30  percent  '  f  tin-  power  now  consumed  in  specifi 
may  be  saved  by  a  careful   stud}    of  the  operating  conditions 
the  intelligent  application  of  these  principles. 
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THE  GROWTH  AND  DEVELOPMENT  OF  THE 
MODERN   RAILWAY  MOTOR 

D.  H.  ACKERSON 
Railway  Department.  Westinghouse  Electric  &  Mtg.  Company 

IN  the  development  of  the  modren  railway  motor,  operators  and 
manufacturers  have  joined  hands,  so  to  speak,  in  working  oul 
the  class  of  apparatus  besl  suited  to  meel  conditions  encounter- 
ed. This  is  natural,  in  view  of  their  mutual  desire  for  reliability 
in  service  and  a  minimum  of  maintainance  cost  on  railway  appar- 
atus. 

While  the  satisfactory  operation  now  being  obtained  from 
railway  motors  is  commonly  credited  to  the  commutating  pole  con- 
struction, this  is  only  partially  true.  The  mechanical  construction 
of  railway  motors  is  at  least  as  important  as  the  electrical,  and  the 
reliability  of  m  O  d  e  r  n 
motors  is  largely  de- 
pendent upon  radical 
improvements  in  me- 
chanical d  e  s  i  gn  intro- 
duced about  1904. 

LUBRICATION 

Efficient  lubrication, 
important  in  any  ma- 
chine, is  vitally  so  with 
railway  motors,  since 
the  working  conditions 
are  most  exacting.  Tn 
the  earlier  design- 
trouble  was  experienced  fig.  i  cross-section  of  improved  armature 
flue  to  the  gravity  meth-  AXD  BEARING 

od  then  used.  This  consisted  of  a  grease  receptacle  mounted 
directly  over  the  bearings,  which  allowed  dirt,  grit  and  other  im- 
purities in  the  lubricanl  to  be  carried  to  the  bearing  surface.  This 
materiall)   shortened  the  life  of  the  bearing 

To  secure  a  system  of  efficient  lubrication,  the  scheme  ol 
using  oil)  ua>tc  was  incorporated  in  the  construction  of  certain 
motors  about  [905  In  this  construction  the  bearings  are  pressed 
and  kc\cd  in  .1  housing  consisting  oi  three  compartments:  an  oil 
waste  pocket  and  an  overflow  pocket.  The  waste  pockel 
holds  lone:  woolen  against  the  low  pressure  side  of  the  arma- 
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int.    shafl  through  an  opening  in  th<    bearing      Oil  ia  poured  into 
tiu   oil  i'"  !"l  through  a  bottom  com  tches  the  w  ist( 

llir  oil  then  filters  up  to  ili«    hearing  b}   capillar    attraction,  l< 
ing    ill   ' I n i   .m.l   frr\\   .it    the  bottom  and   beneath   ili<    ivasti        I  I" 
normal  ..il  level  is  jusl  belov  th<  opening  in  th<   bearings  and,  then 
fore,  when  the  car  is  nol  in  motion  no  oil  is  being  consumed. 

The  amount  oi  oil  in  the  pocket  can  be  gauged  at  any  time, 
and  man)  companies  haw  adopted  the  practia  of  using  a  marker 
to  gauge  the  depth  of  the  oil.  By  this  method  it  ran  In-  determined 
In.w  much,  it"  any,  nil  i-  required.  With  oily  waste  lubrication  it 
has  been  found  practicable  t.>  replenish  the  "il  supply  for  armature 
bearings  "tut.'  every  thirt)  'lay-,  ami  records  have  been  established 
i>t'  250000  miles  for  the  life  of  armature  bearinj 

The  increased  reliability,  due  t"  the  elimination  of  service 
failure- :  ami  the  decreased  cost  of  maintenance  due  t<i  lower  oil 
consumption,  longer  periods  of  inspection,  increased  life  of  bear- 
ings ami  elimination  of  expensive  repairs 
t"  armature  ami  fields,  have  resulted  in 
this  type  of  lubrication  being  adopted  on 
all  modern  railway  motors.  Essentially 
the  -aim-  scheme  is  used  for  lubricating 
of  axle  bearings  on  both  splil  ami  box 
frame  motors. 

■ON      or  ^MV"  '<'■    CONSTRUi   riON 

AM  1    .  AP   FOR    BOX   PRAM  I  ....  ,  .  ,    ,  •  , 

MOTOR  When  the  -lotted  laminated  cores  nrsl 

iw   oily    waste     came  into  use  the  lamination-  were  press 
lubrication.         e(J    .m,,    keyed    (|iu.ctlv    on    tiK.    armature 

shaft.  It  was  found,  however,  when  a  shaft  became  bent  or 
broken  and  had  t<>  be  replaced,  that  considerable  difficulty  was  en- 
countered in  keeping  the  commutator  ami  core  from  shifting  and 
thus  damaging  the  windings.  In  addition,  the  key  holding  the 
lamination-  in  place  were  subjected  to  severe  service  stresses  im- 
parted directly  from  the  armature  shaft.  This  was  due  in  part  to 
rough  track,  fairly  high  -peed-,  and  reversals,  which  tended 
cause  shifting  of  the  lamination-. 

With  a  view  of  overcoming  the  difficulties  encountered,  the 
spider  armature  construction  was  adopted.  The  laminated  core 
built  of  -oft  steel  punchings  i-  pressed  on  a  steel  or  malleable  iron 
-pider.  These  punchings  are  held  between  the  core  head  at  the 
rear,  which   i-  a   part   of  the  -pider.  ami  the  end   plate  at   the   front 


96 


>«  )i . 


THE  ELECTRIC  JOURNAL 


FIG.     3—  AN     ARM  "     1   Rl      SPIDER 


end,  which  is  secured  b\  a  ring  nul  working  on  ,i  threaded  por- 
tion of  the  spider.  The  commutator  i^  pressed  on  and  then  the 
shaft   1--  pressed  into  the  spider. 

This    type    of    construction  appears  if   tuliill  present-day   re- 
quirements  in   that   a  bent   or  damaged   shaft   may  be  pressed  off 

without  disturbing  the  arm- 
ature \\  indings.  I n  addition 
the  spider  acts  as  a  strong 
sleeve,  reinforcing  the  shaft 
and  forming  a  very  solid 
and  compact  construction, 
decreasing  the  probability  of 
bent  or  damaged  shafts. 
Shocks  encountered  by  the 
armature  shafl  are  not  transmitted  directly  to  the  laminations,  as 
in  the  case  of  the  earlier  construction,  and  the  effect  is  hut  second- 
ary since  the  spider  tends  to  absorb  these  shocks  as  encountered. 

BRUSHES    AND    BRUSH     HOLDERS 

For  almost    a    decade,    consideration    has    been  given   to  the 
value     of    carefully     regulating 
brush  pressure  to  suit  the  wide 
lv  varying  condition-  of  service. 
For    slow    speed    city    schedules 
over  good  track,   a  pressure   of 
four  to   five   pounds   works  oul 
satisfactorily.       If.    however,    it. 
is   attempted   to   use   such   pres- 
sures in  severe  high  speed,  serv- 
ice —  which     >  rdinarily     require 
en  or  eight  pounds       parking 
and  flashing  occur.     (  )n  the  other 
hand,  too  heavy  a  pressure  will 
cause  rapid  wear  of  commutator 
and    carbons,    and    over-heating 
due  to  frictional  resistan< 

Brush    holders    which    per- 
mit of  adjustment  of  the  pressure  on  carbons  have  come  into  gen- 
eral usage.     Each  brush   i-.  provided  with  a  Hat   phosphor  bronze 
il   spring,  with  pawl  and  ratchet   attachment   to  secure  the  brush 
pressure  that  may  he  required. 


FN  .    4—  BRUSH     HOLDER 

Cut    "in    to   show   pawl   and   ratchet 
attachment. 
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\  ilai  copper  braid  -hunt  i-  collected  i"  the  hammer  in  direcl 
contact  with  the  carbon,  which  provides  a  path  <>i  low  resistance 
between  the  holder  casting  and  the  brush.  This  tends  to  eliminate 
wear  and  burning  <»t  the  brush  holder  guides  and  carbons. 

The  brush  holders  are  firmly  clamped  t"  seats  on  the  motor 
frame,  securing  positive  alignment  of  brushes  with  respect  to  the 
commutator  and  each  other.  This  is  a  distinct  improvement  over 
the  earlier  method  of  mounting  the  brush  holders  on  wood  or  fiber 
blocks.  I  In-  i-  particular!)  important  since  the  advenl  of  commu- 
tating  ]>"le  construction  for,  although  the  neutral  point  or  the  po- 
sition of  commutation  is  m<  re  sharpl)  defined,  the  limits  are  nar- 
rower and  greater  care  must  be  taken  to  secure  proper  alignment. 

!•  III. I.    POLI  S    VND  COll 

Solid  pole  pieces,  cast  with  motor  frame,  were  common  t<>  i Ik- 
earlier  railway  motors.     This  construction  has  been  superseded  b) 


FIG.    5      STRAP    WOl   Mi    FIELD   COIL,   CI   S1I10N     SPRING,    SHIELD    AND    MAIN    POLE 

Pll  - 

removable  pole  pieces.  Soft  steel  punchings,  riveted  together  be- 
tween malleable  iron  and  frames,  arc  n<>\'  used  for  cores  of  the 
main  pole  pieces.  This  construction  permits  the  use  "i  higher  tlux 
densities,  due  to  better  grade  of  material  used,  gives  decreased  eddy 
current  losses  and  increased  accuracy  in  manufacture.  Along  the 
same  line  of  endeavor  -trap  wound  field  coils  have  superseded  wire 
wound  coils  <»n  account  of  greater  space  economy  and  ability  to 
withstand  heavy  pressures  without  injury  to  the  insulation.  This 
obtains  since  the  pressure  is  distributed  over  a  large  area  instead 
of  being  applied  along  the  center  of  the  wire,  as  in  the  case  of  wire 
wound  coils.  Heavy  springs  beneath  the  field  coils  to  prevent  vi- 
bration are  therefore  permissible.  To  protect  the  coils  from  me- 
chanical  injury,  metal  shields  are  extended  <'\<-v  the  face  and  in- 

-ide  the  roil. 

Field  coils  are  impregnated  with  the  best   heat  ami  moisture 
resisting    compounds    known.     With   strap   wound   field  coils   less 
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compound  is  needed  than  with  wire  wound  coils.  Heal  radiation 
i>.  therefore,  greatly  improved  with  strap  wound  coils  by  avoiding 
spaces  filled  with  a  substance  which  is  a  comparativelj  poor  heat 
conductor. 

ARM  VTURE    COILS 

Strap  wound  armature  coils  have 
been  adopted  on  motors  of  60  horse- 
power capacity  and  above.  Space 
economy    of    armature   coils    is    even 

more  important   than    in    the  east'  of 
field    coils,    and    since    approximately 
-set    of    strap    wound   ten  percent  greater  section  of  copper 

ARMATURE   COILS  ,  ,  ,     ■         ,  •  c 

can  be  obtained    tor    a  given  si/.e  ot 

slot  the  desirability  of  using  strap  wound  coils  is  apparent.     The 

"two-turn"  strap  wound  coils  are  formed  in  the  exact  contour  to 

be  assumed  in  the  armature  slots,  and  hence  bending,  twisting  or 

pounding  is  unnecessary  in  applying. 
The    armature     slots    have     "I "" 

shaped    piece    of    insulation,    set    into 

laminations  at  the  ends  of  each  slot, 

reinforcing  the  coil    insulation   where 

it     is    most    needed.       Short    circuited 

and  grounded  coils  at  slot  ends,  quite 

prevalent  before  the   introduction  of 

this  "U"-piece   insulation,   have  been  eliminated. 

After    some    months    of    operation,    carbon  and  copper  dust 

tends  to  filter  through  the  windings  of  railway  motors,  settling  to 

a  large  extent  at  the  rear  of  the  commutator.     Such  accumulations 

tend  to  bridge  over  the 
mica  segments  and  short- 
circuit  adjacent  commuta- 
tro  bars.  If  the  surf 
becomes  greasy  or  oily 
this  tendency  is  greatly  in- 
creased. To  prevent  such 
a  condition,  commutators 
of  modern  railway  motoi 
have  the  mica  segments 
tended  about    %   in.  beyond  the  copper  bars   at   the  rear,  which 

renders   impossible   the   bridging  over   and    short   circuiting  of  the 

bars  from  this  source. 


FIG. 


7 — SINGLE     COIL,     TWO     TURN 
STRAP   WOUND   COIL 


FIG.     8 — COMMUTATOR     AND     LAMINATION     OR 
SPIDER 

Y-shupr<l  pi<  insulation  arc  fitted  in 

Slol     rlld- 
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Whenevei    i  motor  flashes  .it  the  commutator,  then    is  alwa 
the   possibility    nf   the   an    injuring   th<    .inn. 'tm.    coils,   and   as 
...in,.     .1   protection,  asbestos  hooding  is  nov    used  on  the  front 
the  armatun 

.  <  >\i  \i  i  i  \  r< >i 

I  Ik-  commutators  in  the  earlier  railwa)  motors  wen  "i  the 
ring  nui  construction.  I  he  copper  bars  ;in<l  mica  segments  w< 
In-Ill  between  the  front  and  rear  steel  V-ring.  With  this  type  ol 
construction  certain  disadvantages  were  present,  in  thai  the  com 
mutator  bars  could  U-  made  tighl  only  with  difficulty,  and  further, 
it  was  difficult  to  back  "lit  the  ring  nut,  'hit-  i"  the  accumulation 
of  dirt,  grime  and  rust. 

\<>  obviate  these  difficulties  the  bolted  type  construction  was 
introduced,  in  which  commutators  are  mounted  on  a  separate  steel 
bushing,  the  steel   V-rings,  clamped  together  by  tap  bolts,  holding 

uu-  commutator  bars  in  place.  A  "T"  sockel 
wrench  may  be  conveniently  applied  and  suffi 
cient  stress  exerted  to  secure  the  segments 
positively,  thu-  preventing  loose  or  high  bars. 
When  it  becomes  necessarj  to  replace  the  bars 
the  tap  bolts  may  easily   be  backed  "it. 

The  under-cutting  of  commutator  mica  has 
proven  so  successful  in  eliminating  commutation 
troubles  that  it  is  used  on  armatures  from  the 
>i/c  of  the  giant  Pennsylvania  locomotive  motors  down  i<>  small 
compressor  motors.  The  troubles  formerly  encountered  were  due 
largely  to  the  difficult)  in  securing  mica  and  copper  with  identi 
wearing  qualities.  Commutator  mica  is  ordinarily  under-cul  to  a 
depth  of  ,}  <>4  inch,  and  the  saws  or  tools  used  are  from  0.002  to 
03  inch  wider  than  the  mica  segments.  The  use  of  high  grade 
brushes  in  connection  with  slotted  commutators  has  greatlj  sim- 
plified the  commutation  problem. 

The  bands  used  to  insulate  the  exposed  surface  of  the  front 
1  V-ring  from  the  commutator  copper  arc  Lri\c-n  a  high  polish 
to  prevent  the  accumulation  <>f  non-insulating  <lnst  and  t<>  present 
a  surface  which  may  be  readily  cleaned  by  wiping. 

ge  ut  CAS 

5  ifety  clamp-  are  now  used  <»n  gear  cases  to  pn  .cm  the  low- 
er half  from  dropping  should  the  nut  work  <>ft  the  connecting  bolt. 
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I  hi>  nut,  however,  is  held  l>\  ;i  lock  washer,  and  in  addition  a 
cotter  is  placed  through  the  bolt.  U  would  be  necessar)  for  both 
the  cotter  and  the  washer  to  loosen  before  the  nut  could  work  off. 

Hie  clamp  has  two  ears  on  the  upper  side  turned  up,  through 
which  the  cotter  is  placed.  These  ears  prevent  the  bolt  head  from 
turning  and  the  cotter  prevents  the  bolt  From  jolting  out,  should 
the  nut  work  off.  With  this  construction  it  is  practically  impos- 
sible to  drop  a  gear  case. 

Two-point  suspension  i  f  gear  cases  has  beci  me  very  popular, 
since  rigid  support  is  assured,  lateral  vibration  and  strains  re- 
duced, wear  on  holt  holes  minimized,  and  temperature  strains 
cause  no  difficulty. 

Mi  1 1<  iK'     FRAMF.S 

It  ha-  been  generally  agreed  among  railway  men  that  for  mo 
i<  rs  of  above  J^  horse-power  capacity  the  lux   fiame  is  the  more 
desirable,  since  no  clamping  holts  are  required,  less  mounting  space 
on  the  truck   i-  necessary  and  the  weight   is  less  than   the  corres- 
ponding split    frame  motor. 

For  J}>  horse-power  and  smaller  motors  it  is  still  true  that 
greater  mechanical  strength  and  the  absence  of  clamping  holts  are 
in  favor  of  the  box  frame  motor,  hut  properly  constructed  split 
frame  motors  have  what  may  he  termed  "compensating  advant- 
ages" in  that  the  armature,  armature  housings,  armature  bearings 
and  field  coils  may  he  removed  from  the  motor  for  inspection  or 
repairs  without  jacking  it])  the  car  and  running  out  the  truck.  It 
is  possible  to  open  up  the  motor  so  as  to  expose  the  parts  and 
make  light  repairs.  These  features  of  a  split  frame  motor  are  of 
particular  advantage  to  city  and  interurban  railways  of  moderate 
size,  or  to  comparatively  large  properties  where  cars  are  stationed 
at  a  number  of  barns. 

During  the  past  seven  or  eight  years  considerable  thought  and 
attention  has  been  given  to  the  design  and  construction  of  split 
frame  motor-.  A-  a  result  the  modern  split  frame  motor  pos- 
>ses  mechanical  rigidity  of  a  very  high  degree,  due  first  to  the 
fact  that  the  armature  housings  are  held  in  place  by  two  radial 
bolts,  which  assume  the  weights  and  stresses  imposed  by  the  arma- 
ture, and  second,  four  large  holt-  pre  used  whose  only  function 
i-  to  hold  the  two  halves  of  the  frame  together.  The  hinge  lugs 
at  the  rear  of  the  motor  are  mad'-  distincl  from  run-  clamping  ar- 
rangement   and    this    too    ha-    added    very    materially    in    securing 
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proper  rigidity.     The  armature  hou  in  held  in 

between  the  frame  halves  and  are  linkdied  with  machined  llanj 
which  practicall)  dowel  two  halv<     i  i  tin    frame  together  when  the 
frame  bolts  are  tightened. 

Box  frames  for  the  smaller  sizes  have  been  adopted  l>\  .1  num 
Iter    of    large    properties    on    accounl    of    the    greater    mechani 
strength.     In  addition,  where  proper  shop   facilities  are  available, 
such  as  traveling  cranes  and  car  hoist  ir  can  be  raised,  truck 

removed  and  armature  or  complete  motor  changed   in  about   the 
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same,  or  less  time,  than  is  required  to  repair  a  split  frame  motor. 
In  larger  shops,  handling  many  motors,  more  efficient  work  can 
be  done  by  placing  tin-  moti  rs  on  the  M<><»r  where  wrenches  may  be 
applied  to  the  best  advantage. 

i.n.ur   win, irr    motors 


During  the  past    three  years,  considerable  thought    has    b< 
given  to  reducing  equipment  weights  and  the  securing  of  increased 
economies,  the  object  being  decreased  power  consumption.     Mod- 
ern railwav  motors  are  now   as  light  as  is  consistent   with  the  me- 
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chanical  strength  required  for  safet)   and  reliabilit)   in  operation. 

rhe  stud>  of  the  electrical  characteristics  in  selecting  a  motoi 
for  a  given  service,  has  proven  even  more  profitable  in  decreasing 
power  consumption  than  1i;» ■-  the  reduction  in  motor  weights.  It 
has  been  found  that  foi  ordinar)  citj  service,  or,  in  fact,  anj  serv- 
ice where  stops  are  frequent,  there  is  rarely  an)  necessity  for  a  car 
speed  greater  than  that  which 
can  be  obtained  with  a  motor 
nt"  the  lowest  r.p.m.  thai  is 
now  generally  used,  when  ar- 
ranged with  greatest  gear  re- 
duction possible.     A  motor  built 

for    a  higher    r.p.m.    requires  a    fig.    ii— light    weight    split    frami 
greater     current    to    produce    a 


Mill  (ik 


3_>   lip.    500   volts;    38   hp.   <><»<)   volts; 
weight    1  890   Hi-. 


given  acceleration.     The  current 

inputs    will    be    proportional    to 

the  speeds  of  the  motors.      The   saving   in   power  consumption   is 

due  to  the  decreased  losses  during  acceleration. 

It    is    not    so    much    a  question    of  motor  efficiencies  bul   01 

equipment  efficiencies  involving  the  rheostatic    loss,    or,    in    other 

words,  the  PR  loss  of  the  grid  resistance.     In  many  of  our  larger 

cities,  the  railway  companies  have  found  it  profitable  to  eliminate 

high  speed  gear  ratios 
and  the  substitution  of 
greater  gear  reduction 
has  proven  very  satis- 
factory in  saving  power. 
In  many  cases,  the  num- 
ber of  stops  precluded 
any  possibility  of  making 
use  of  the  high  speed 
characteristic. 


FIELD   CONTROL 


FIG.     12      'kxi-I  J(X)    VOLT    BOX     FRAME    FIELD    CON- 
TROL   MOTOR 

Showing  suspension,  nosi    and  safety  lugs. 

Field  control  motor- 
have  been  introduced  to  effect  further  saving  in  power  consump- 
tion. The  number  of  active  field  turns  on  these  motors  can  be 
varied,  permitting  efficient  operation  at  low  speeds  and  the  attain- 
ment of  relatively  high  speeds  when  desired.     The  saving  in  power 

nsumption  accrue-  from  the  decreased  rheostatic  losses  in  start- 
ing and  the  reduction  of  energy  losses  in  braking  since  the  higher 
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speeds  will  usuall)   allow    a  greater  huh-   for  o  fin 

extensive  installment  of  field  control  that  proved  successful  « 
the  locomoth  the   New    York,   New    Haven  &    Hartford  l\ 

road  Company  during  When  operating  in  the  direct  run' 

zone  "in  of   Ne  wYork,  their  speed  is   regulated  l>\    iu-l<l  conti 

•  in  •       •     .1  eal    tra<  I 

effort   required  in  starting,  and  the 
high    speeds    desired,    the    loconn 
x    lives    for   the    Manhattan    I  > i \  i — i« n i 
r     of   the    Pennsylvania    Railroad   use 
field     control.      Where     i  ombined 
<    cit)   ami    suburban    running  is  en 
1.    or    <»n    the    interurban 
roads   where  cars  must   operate  in 
both  limited  and  local  sen  ice,  the 
application  of  field  control  is  ideal. 
The  motor  operating  on    full   field 
-     in     citj    service    consumes    only  a 
minimum  "t"  power,  while  the  ad 
7     vantages  of  higher  speeds  are  gain- 
ed from  operation  on  normal  fields 
in    the    suburban    sections.     In  the 
p     same   maner,    interurban   cars   can 
a     run  efficiently    in    local  service  on 

— 

y     full  f'id<l  and  when  in  limited  serv- 
i.  e,  use  the  normal  field  t"  obtain 
the  necessar)    high   speed.     Before 
the  advent  of  field  control,  it  was 
£     necessary    to    either    selecl    a  gear 
ratio  t"  give  the  highesl   speed 
quired,  or  a  compromise  u'<-';i'"  ratio 
The  firsl  metl  >d  resulted  in  • 
sive    power     consumption    on    the 
lower    -|>(.-i-<l    run-,    and    while   the 
ond    method    caused    this    con- 
sumption to  be  decreased,  it  was  accomplished  through  the  sacri- 
fice of  the  higher  speeds  desired. 


i: 
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F"tve<l   ventilation  has    long    been    used   to   secure   increaa 
continuous  capacity  of  motors.    The  locomotives  on  the  New  York, 
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New  Haven  &  Hartfi  rd  Railroad  in  operation  for  the  past  five  years, 
use  such  a  system.  In  addition,  locomotives  of  the  Spokane  &  In- 
land Empire,  St.  Clair  Tunnel,  and  New  York,  Westchester  &  Bos- 
ton Railway,  and  motor  cars  of  the  .V  \\  Haven  road,  the  Long  Is- 
land Railroad  and  the  Pennsylvania  Railroad,  have  motors  utilizing 

the  forced  draft  feature.  Aux- 
iliary blower  motors  arc  used, 
ventilating  the  windings  through 
:nings  .in  the  motor  frames 
The  air  is  taken  from  the  inside 
of  the  cab  or  from  a  point  of 
sufficient  height  above  the  road- 
lied  to  preclude  the  possibility 
i  f  dirt,  sand,  brake-shoe  dust, 
and  snow  getting  into  the  mo- 
tors. To  assist  in  the  artificial 
ventilation,  fans  are  placed  at 
the    rear   end   of   armatures  and 

Showing  vents  through  spider  and  vents  placed  in  spiders  and  be- 
beneath  commutator.  IH.a.h  commutators<  This  meth- 
od of  fan  ventilation  has  since  been  applied  to  smaller  motors  for 
city  service,  but  the  tendency  for  motors  on  street  cars  to  accumu- 
late dirt  has  prevented  wide  application  in  this  service.  For 
the  past  four  years,  street  railway  motors  have  been  designed 
and  constructed  to  gain  inherently  good  ventilation.  This  is  ob- 
tained by  longitudinal  vents  in 
the  spider  which  connect  with 
radial  ducts  in  the  lamination-. 
Air  current-  are  set  up  through 
the  spider  and  laminations  fa- 
cilitating the  radiation  of  heat 
from  the  core  and  windings. 
The  independent  cell  insulation 
surrounding  the  coils  eliminates 
the  possibility  of  dust  or  other 
substances  injuring  the  coil  in- 
sulation. 

With  the  increasing  congestion  in  cities,  the  traffic  problem 
becomes  harder  to  solve,  and  special  mean-  must  be  adopted  to 
care  for  the  situation.  Radical  changes  in  car  designs  are  being 
made    in    our    larger    cities    to    meet    the    particular    requirement-. 


15  —  SINGLE-PHASE       ARMATURE, 
SHOWING    FAN    CONSTRUCTION 
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Trucks,  brakes,  control  and  motors  musl  handle  the  transportation 
problem  involved  and.  in  addition,  tit   in  with  the  physicial  limit.  1 
tions  of   such   1!  I  In-   latest   motor   designed   i"  meel    such 

nditions   is  thai    firsl   used  on 
the    Pittsburgh    Railways.     This 
motor  was  designed   for  use  in 
connection   with    an   abnormally 
It  w  car  bod)   and  i<  ir  m<  ointing 
on  a  truck  with  _'4  inch  wheels. 
\\  ith    the    increase    in    effi 
ciency  along    other    lines,  there 
have   come    into   general    usage, 
materials    of    the  highesl  grade 
and      manufacturing      pr< 
that   a   few  years  ago  were  un- 
known t<>  the  art.     Spiders  and 
shafts   of    modern    railway    mo- 
tors are  ground   to   secure  exact    lit:  armature  cores   are   filed   to 
render  all  surfaces  smooth  and  corners  rounded;  and  commutator 
slots  champfered  to  eliminate  sharp  edg< 

With  the  increased 
care  and  thought  in 
manufacture  and  the 
use  of  the  highesl  grade 
of  materials,  there  is 
naturally  an  acc<  impany- 
ing  increased  cost  of  n 
production.  It  is  un- 
questionable, however,  that  the  increased  reliability  in  operation 
and  reduction  of  maintenance  that  must  result,  will  render  the 
railwav  industry  more  stable  than  ever  before. 


FIG.     I''      END    VII  W    "I      SPIDER 


VRMATURE,     SHOWING     DIRECTION     OF     AIB 
1  URREN 


SERVICE  REQUIRED  OF  SWITCHING  LOCOMO- 
TIVES IN  INDUSTRIAL  PLANTS 

D.  C.  HERSHBl:Rr.ER 

Till",  service  conditions  for  switching  work  in  the  yards  of 
large  factories  are  not  generall)  known,  except  approxi- 
mately. This  is  probabl)  due  to  the  character  of  the  work, 
which  makes  it  difficult  to  obtain  accurate  information  without 
careful  investigation.  Switching  work  around  industrial  plants  is 
in  many  respects  different  from  thai  performed  in  the  yards  of  a 
large  railroad.  As  a  rule,  the  equipment  is  lighter;  rims  arc  short- 
er but  more  frequent,  and  the  trailing  load  less. 

In  order  to  determine  the  actual  service  conditions  in  their 
own  yards  a  series  of  tests  were  recently  conducted  by  the  West- 
inghouse  Electric  &  Mfg.  Company,  at  their  Easl  Pittsburgh 
work.-,  on  one  of  their  switching  engines.  The  engine  used  for 
this  test  has  a  two-wheel  leading  truck  and  three  driving  axles. 
The  weight  of  the  engine  i->  52.7  tons,  of  which  46  tons  are  on 
the  driver-.  This  locomotive  is  in  service  20  hours  per  day,  six 
•  lays  per  week.  The  remaining  four  hours  per  day  are  utilized 
in  coaling-,  oiling,  cleaning,  etc.  The  locomotive  is  out  of  service 
only  from  Saturday  nights  to  Sunday  nights,  or  in  other  words. 
_'4  hours  per  week.  At  this  time,  light  repairs  are  made,  if  neces- 
sary. 

The  zone  of  operation  of  this  locomotive  is  confined  to  ap- 
proximately 3.4  miles  of  track.  The  length  of  track  inside  of 
buildings  and  under  crane  tracks  is  approximately  one-half  mile. 
The  greatest  length  of  straight  track  in  the  above  zone  is  approxi- 
mately one-half  mile.  The  greatest  -ingle  length  of  curved  track 
i-  approximately  one-fourth  mile.  The  track  includes  curves 
ranging  from  t  to  20  degree-:  the  shortest  curve  has  a  radius  of 
150  feet.  On  account  of  the  large  number  of  switches,  and  the 
necessary  layout  of  the  yards,  the  length  of  the  curved  track  is 
necessarily  large,  being  approximately  40  percent  of  the  track- 
age. The  grades  do  not  exceed  one  percent,  except  at  tracks  lead- 
ing from  loading  pits  where  the  grade-  are  approximately  two 
percent. 

I  he  tests  taken  extended  over  a  period  equivalent  to  three 
ten-hour  days  of  daytime  operation.  In  connection  with  these 
tests  the  observers  noted   for  each   run ; — the   instant  of  starting, 
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closing  of  throttle,  application  "t  brakes,  stopping,  length  "i  run  in 

t,  number  of  cars,  and  the  estimated  nel   weight 
rhe  time  of  startii  j         sing  "t  throttl  .  was  read  ii  nds 

rhe  length  "t   run  was  retained   foi    tin    first   three  half-days  l>\ 
means  "i  r  counter  arranged  to  registei  the  revolutions  of  th< 
wheels,  from  which  the  length  "i  each  run  was  figured.     For  the 
•   three  half-days,  the  length   "i    run   was  taken    from   station 
markings  put  throughout  the  yards  for  the  t' 

The  trailing  1<>u<1  was  approximated  b)   averaging  the  weights 
of  a  large  number  of  empty  cars  of  each  class  and  adding  t<>  il  i 
weights  the  net  weights  carried  by  the  respective  cars,  these  being 
approximated   from  detail   notes  taken  by   the  observer.     The  nel 
weight  "i   sealed  cars  was  obtained  \>\   averaging  the  net   weights 

I  Via. K  I     SWITCHI  t  VICE  PI  M!l>  IN  EACH  HALF-DAY  OF  TKST, 

AND  KM  \l    -I  RVH  1    FOR    1  HREE    DAYS 

7  10      7-11       711     ..  I  in  \  - 
P.  M     A.  M     P.  M     P.  M     A    M     P.  M      '1 

21"      .         -        227      -•■  mi 

So  1"  II  II  -71 

1712 

Power  On— with  Trailinj  -0 

I  .- -..        97*       )  J7J 

•|  ral  ine  i    ad 

l  Ifchl   Kng  ne    "    12*        47        17       176 

ing  ir   ...  Load.  "    1607     1-7.      1972     1532     2140     1556       10 

i    -In  Engioi  ....        192 

Run.  Length  lu  Ft.  with  Trailing  Load  •  ■   - 

•  U'O        7i- 

Miles  "  ith  Trailing  l.-.a>l  9.1 1  lo.«  "■    i 

Ugl  '  -■    :  -        .61  1.81      2  17       1117 

To                                  -  11-1  14.04    ! 

Trailio  - 

Ton  Mile*— Trailin                   ■;  ...       1807  1208     1604      I860  1821 

03     1344  105  71 16 

Mi  let  l.l  37.5    59.0     61.5  49.8     44. 

of  a  large  number  of  sealed  car-.  The  results  given  in  Table  I. 
show  the  total  service  for  each  half-day,  and  also  a  three-day 
total.  It  should  be  noted  that  the  term  "trailing  load"  refers  to 
the  load  hauled  back  of  the  locomotive.  The  service  for  the  vari- 
ous half-days  of  this  test  was  comparatively  uniform  with  possibly 
one  or  two  exceptions;  one  of  these  is  in  the  coasting  time  with 
trailing  load.     No  reason  ran  )«.  -ie<l  for  this,  except  the  vari- 

ation in  operation  by  the  train  crew.     Where  the  number  of  runs 
for  each  half-day   is  low,  they  are  usually  accounted   for  by   in- 
creased tonnage  or  mileage.     In  Table   II   are  given  the  aver 
figures  covering  service  per  ten-hour  day  and  also  the  values  for 
single  average  run. 
Probablv  the  most    remarkable   feature  of   this   service   is  the 
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exceptional!)  large  number  of  runs  made.  Exclusive  of  occasion- 
al short  delays,  the  number  of  runs  average  over  one  per  minute. 
Ii  is  a  common  occurrence  to  make  two  movements  per  minute, 
and  very  frequenth  three  movements  per  minute  are  made.  These 
runs,  however,  arc  usually  [oo  feet  or  less  in  length,  and  the  trail- 
ing loads  not  extremely  heavy.  The  number  of  lighl  engine  runs 
i-  comparatively  small,  averaging  [5.8  percenl  of  the  total  number 
*>\   run-. 

The  average  time  during  which  power  is  on  is  72.8  percent 
of  the  total  running  time  with  trailing  load,  and  72.2  percent  for 
light  engine  runs.  The  average  time  for  coasting  is  6.7  percent 
of  the  total  running  time  for  runs  with  trailing  loads,  and  7.4  per- 

T  ABLE  II—  AVERAGE  SWITCHING  SERVICE  PERFORMED  IN  A  10-HOUR  DAY; 
ALSo  VALUES  FOR  AN  AVERAGE  RUN 

Average       Average       Average 

per         Run  with         Run 
10-hr.,  day       Load  Light 


Total  No  of  Runs 

480 

'.Ml.     1 

.770 
12640 

1 893 

11  -.7 

194.  ■"> 

8558 

585 

113000 

34980 

21.  4 

4.72 

26.12 

70800 

3310 

2380 

102.  1 

Power  On,  Rons  with  Trailing  Load,  Second? 

26.     3 

2.1 
7.     4 

2n.  'i 

-ling       "       "      Trailing  Load         "        

•'      Light  Engine          "       

2.15 

Braking        "       "     Trailing  Load        "       

'      Light  Engine,          "        

5.  !l 

Length  of     "    in  ft  ,  witli  Trailing  Load 

235.    3 

Light  Engine            

27ti 

Trailing  Loail 

Ton— Miles  Trailing  Load  onlv 

No.  n!  Car?  moved  

-Miles 

O  M||'. 

0.0522 

154.     6 

>;.  89 

I    78 
0.213 

cent   for  light  engine  runs.     When   hauling  trailing  load  the  num- 
ber of  runs  without  any  coast   was  25.2  percenl  <\  the  total  num- 
ber of  runs.     With  light  engine  the  number  of  runs  without  coast 
was  2~.~  percent  of  the  total.     The  number  of  runs  of  both  classes 
without  coast  was  25.6  percent  of  the  total  number  of  runs  per  day. 
The  average  time  of  braking  i-  20.5  percent  of  the  total   run- 
ning time   when   hauling  trailing  loads,   and   20.4  percent    for  light 
engine  run-.     The  average    tons    trailing    load    per    run    is    not  a 
straight  average  obtained  by  dividing  the  total  number  of  tons  by 
the  number  of  run-.     This  value  was  obtained  by  dividing  the  a\- 
•iiimher  of  ton-miles  per  ro-hour  day  by  the  number  of  move- 
ments,  and   this   result,   which    i-   the   average   ton-miles   per  move- 
ment, i-  divided  by  the  average  length  <>f  movement  in  miles.    The 
die  average  trailing  load   in   tons,,     The    same  method   of 
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figuring  the  iiumbei   oi   cars  |>er  run  was  also  used.      II" 
length  of  run  will  probahh  l>e  more  nearh  constant  than  the  av< 

trailing  load.     The  reason  t  is  that  aboul  the  sam< 

nt'  shifting  operations  i»  performed  each  day. 

\   number  of  individual  runs  /en  in    fable   III.      II 

runs  were  selected  to  show  the  maximum  and  minimum   time  "i" 

[ABLE  in     [NDIVIDl'AL  RUNS  AS  TAKEN    PROM    m-i    9HBB1     BHOWINO  MAXIMUM 
AND  MINIMUM    HMEOF  POWER  ON    '".\-il\<;,    HK\K 
LENG1  ll  OP  RUNS    i  n 

ItlDK        Hnikiiii:  LeOKtb  Trull; 

o  No      Power  On       i  me,  i  me.        ol   Run  Load  No 

Secondi  i  •  ■  i  i  oni 

\|  ,  \imum  Time  ol  Power  <  m 

1  ii  In  -77  .11  i 

-in  .  n 


M 

1 

- 

- 

45 

11 

11. 

Maxlmam  Time  "i  Oiasl 

70  1220 

I  .  1  • 


M 

k\iiiiuin 

Time 

if  Brakii 

t 

0 

17 

117 

a 

500 

1- 

Maximnm  Trailing  Load— Tons 

lln  '."iO 

100 
27  1 


Minimum  Trailim.'  Load— Tims 
!•_'  B0  10H0  II  1 

I.;  in  .'.  151  ii  i 


Maximum  I>-iiLth  ol  Run 

11  1 70  12 

)".  I7'i  ii  2170 

I-.  H 

17  l...  i  ll  1800 

Minimum  I.«ngtii  ■  f  Run 
l-  u  j 


power  mi.  coasting  time,  braking  time,  tons  trailing  load,  length  of 
run  in  feet,  and  number  of  cars  moved.  All  runs  given  in  this 
table  are  run-  with  trailing  loads.  The  maximum  braking  time  is 
shown  in  run  No.  [8.  Runs  Nos.  6  and  g  show  the  maximum 
number  i  f  cars  mi  ved  in  any  one  run.  Run  No.  io  was  made  in- 
side   of  a    building.     In    a  ten-hour   day.    approximately   6o    run-. 


81 

1 

1 

- 

■:: 

ll 

17 

21 

1 
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'n  with  an  average  length  of  i  j,>  feel  and  with  an  average  trail 
g  load  ol  328  tons,  are  made  inside  of  buildings  and  under  crane 
tracks  rhese  runs  were  made  in  groups  of  approximatel)  ten 
ii  rhis  service  comprises  approximate!)  r2  percenl  oi  the 
total  number  of  shifts  made.  The  average  number  of  times  the 
locomotive  was  reversed  was  65  percent  of  the  average  total  num- 
ber of  runs  per  daw  The  figures  given  in  Table  III  show  that  the 
trailing  loads,  length  of  run,  number  of  cars  moved  per  run,  time 
of  power  on,  etc.,  van   greatly. 

The  accelerating  rates  also  vary  over  a  wide  range,  being  as 
low  as  o.oi  mile  per  hour  per  second  for  some  runs  with  heavy 
trailing  load  inside  of  buildings,  to  1.5  miles  per  hour  per  second 
with  light  trailing  loads  or  light  engine.  The  average  accelerating 
rate  for  runs  with  average  trailing  load  was  0.326  mile  per  hour 
per  second.  The  average  adhesion  for  accelerating  with  nailing 
1  was  approximately  i-'  percent  of  weight  on  drivers.  The 
average  accelerating  rate  for  average  light  engine  runs  was  0.86 
mile  per  hour  per  second,  corresponding  to  to  percent  adhesion 
on  drivers. 

The  braking  rates  also  vary  considerably,  being  from  0.1  to 
2  miles  per  hour  per  second.  The  average  braking  rate  with  av- 
erage trailing  load  was  [.08  miles  per  hour  per  second,  and  for 
light  engine  runs  [.6  miles  per  hour  per  second.  For  these  brak- 
ing rates  the  adhesion  was  approximately  23  percent  for  runs  with 
average  trailing  load,  and  j.^  percent   for  light  engine  runs. 

The  average  maximum  speed  attained  for  runs  with  average 
trailing  load  was  approximately  8.5  miles  per  hour  and.  without 
trailing  load  approximately  10  miles  per  hour.  The  maximum 
speed  was  sometime-  as  high  as  20  miles  per  hour  with  light  en- 
gine or  engine  with  small  trailing  load. 

The  locomotive  miles  per  year  amount  to  approximately  16000 
for  double-turn  operation,  20  Injurs  per  day  for  six  days  per  week. 
The  average  speed,  including  stops,  is  2.5  miles  per  hour.  The 
total  car-miles  per  year  are  approximately  01  000. 

In  conclusion  it  should  be  noted  that  with  the  track  layout  as 
at  present,  a  60-ton  locomotive  with  52  tons  on  the  drivers  would 
perform  this  service  more  satisfactorily,  especially  in  moving  the 
heavier  train-.  However,  by  providing  a  greater  length  of  storage 
track,  to  eliminate  such  frequent  shifting  of  the  same  cars  and  by 
hieing  the  weight-  of  the  trailing  load-,  a  52-ton  locomotive 
•ild  -till  perform  this  s(>rv  i 
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\   locomotive  in  switching  I   this  kind  requires  ^-  -<  ><l 

air-brake  equipment,  !><>ili  as  t"  capacit)    and   reliability.     The  air 
I n n.->  t<>  the  train  are  seldom,  if  ever,  connected;  thei  all  brak 

operation  depends  upon  the  locomotive  alone      However,  with 
tlii--  method  "t   operating,  the  '  due  i"  air  leakage  are 

low,  and  the  efficiencj  of  the  air-brake  system  is  high. 

Iht-  t"t;tl  weighl  "t  a  switching  locomotive  should  be  on  t J i- ■ 
drivers  if  possible,  tint-  giving  maximum  tractive  effort   f<>i 
erating  and  braking,      ["his  is  indicated  t<>  a  certain  d<  by  the 

large  number  <>t  times  the  wheels  are  slipped  when  handling  <"in 
parativel)    heavj    trailing  loads.     The  shocks  due  t'>  bumping  and 
coupling  cars   are   ver)    severe,    as    a  rule,    especially   with   short 
train-.     However,  with  trains  having  a  large  number  of  cars,  thi 
shocks  are  taken  up  b)  the  spring  couplers  and  are  greatly  redu 
when  they  reach  the  locomotive. 

\-  a  general  rule,  the  tracks  in  a  manufacturing  plant  are 
level,  with  the  exception  of  pits  and  trestles  for  loading  and  un- 
ding  purposes.  In  such  cases  the  grades  are  usually  somewhat 
severe.  The  curves  are  of  shorl  radius  and  large  in  number,  <ln<- 
t<>  the  necessary  layoul  of  yards  of  this  kind.  Many  industrial 
yards  are  hampered  for  trackage.  Tlii-  often  necessitates  shifting 
the  same  cars  several  times  in  order  to  place  other  cars  in  the 
li'-n-. 


THE  A\ULTIPLE  OPERATION  OF  CARS  GEARED 
FOR  DIFFERENT  SPEEDS 

W.  R.  STINEMETZ 

IN  the  inauguration  of  a  new  road  it  is  sometimes  a  difficult  mat- 
tor  to  predetermine  the  proper  schedule  and  equipment  to  meet 
the  service  demands  which  may  arise.  The  service  as  planned 
may  be  deficient  due  to  unexpected  increase  of  traffic  which  necessi- 
tate- the  operation  of  trains  instead  of  single  car-.  It  may  also  be 
necessary  to  increase  the  schedule  due  to  competition,  or  the  growth 
of  the  district  may  require  additional  stops  for  both  the  local  and 
limited  train-,  and  the  light  freight  and  express  business  may  prove 
far  in  excess  oi  that  for  which  provision  was  made.  As,  in  all  prob- 
ability, the  equipments  have  been  furnished  to  meet  the  conditions 
of  the  demands  ^\  traffic  which  it  was  reasonable  to  expect  at  the 
inauguration  of  service,  with  due  allowance  for  normal  growth,  the 
management  is  confronted  with  the  problem  ^>i  how  to  care  for 
these  changed  condition-  without  additional  equipment. 

<  >ne  phase  of  this  problem,  where  the  equipment  has  been  se- 
lected with  different  gear  ratio-  in  order  to  handle  great  variation  in 
schedule,  is  the  question  of  operating  these  differently  geared  ear- 
in  the  same  train.  While  it  is  generally  known  that  the  accelera- 
tion will  be  poor,  if  automatic  control  is  used,  and  that  the  motors 
will  not  divide  the  load  equally,  the  serious  overload  that  may  be 
thrown  on  some  of  the  motors  with  this  class  of  operation  does  not 
always  receive  due  consideration.  In  order  to  study  the  effects  on 
the  motor,  when  operating  a  car  geared  for  slow  -peed  coupled  to 
a  high  speed  car.  the  following  condition-  are  given: — 

A  road  anticipates  a  demand  for  a  high--] iced  limited  service 
with  -ingle  car-,  a  local  service  over  the  entire  line,  and  at  certain 
period-  of  the  day.  a  heavy  local  service  for  [O  or  12  miles  on  one 
end.  together  with  a  certain  amount  of  light  freight  and  express 
business  from  the  -mall  village-  which  it  touches.  The  same  size 
of  equipment  is  -elected   for  all  of  the  car-. 

For  the  limited  service  eight  straight  passenger  coaches  are  pro- 

1  which  weigh  loaded  thirty-two  tons  each.  They  are  each 
equipped  with  four  50  hor-e-power  motors  geared  to  give  a  schedule 
-peed  of  30  mile-  per  hour  when  making  one  -top  every  live  miles. 
These  car-  can  also  handle  a  limited  local  service  of  .me  -top  every 
1.' 1  mile-  at  a  schedule  speed  of  25  mile-  pef  hour. 
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Four  combination  mail  and  pa  sengei  coache  are  provided 
tlu'  same  weight  and  with  the  same  equipmenl  of  quadruple  50 
horse-power  motors  bul  geared  t<>  a  much  lower  speed  ratio,  for  the 
purpose  of  handling  the  through  local  sen  1  This  will  consist 
of  "iir  stop  everj  two  miles  at  a  schedule  speed  "i  21  mile-  per 
hour  and  also  tin-  short  local  rush  service  mentioned,  of  18  miles 
per  hour  when  hauling  a  trailer  weighing  _•>  1  tons  loaded. 

In  addition  two  freight  cars  air  provided  with  tin-  -aim-  equip 
ment  a-  the  combination  mail  and  passenger  cars  and  geared   for 
the   same  spee^      It   was  planned   to  use  thes<    not   only   for  the 

freight  and  express  serv- 
ice,  bu1    also   t'>  couple 

them  with  the  mail  and 
passengers  cars,  and  -  >. 
together  w  i  t  h  trailer 
coaches,  pn  >\  ide  four  i  »r 
five  car  trains  for  par- 
ticularly hea\  y  da\  s. 

W  i  t  h  t  h  e  -  r  equip- 
ments, the  q  u  e  si  ion 
which  arises  i-:  what 
would  happen  if  an  at- 
tempt were  made  t<» 
1  >perate  a  t rai  n  com- 
posed    of     one     limited 

passenger  car    and    one 

For  50  lip.  500  voll   railway  motor.  ./  curves              .'  .              . 

represenl                 ear   rati.,  and   33   inch   wh<          OmbinatK  n     mail     and 

/>'   curve-   represent    22:62   mar   rati.,   and    33   passenger  car.     or     a 

inch  wheels.  , 

three-car  t  r  a  1  n  com- 
posed of  these  two  car-,  with  a  trailer  added.  In  tlu-  case  'd  the 
tw<»  mi  it' a-  car-,  a-  both  arc  of  the  same  weight  and  musl  nei 
sarily  run  at  the  same  speed  when  coupled,  a  study  of  Fig.  1  will 
show  the  tractive  effort  and  currenl  for  each  motor  at  any  speed. 
The  curves  ./  represent  a  50  horse-power  motor  at  500  volts, 
with  a  15:')').  or  4.''  mar  ratio  and  33  inch  wheel,  while  curves  B 
represent  the  same  motor  with  a  j_>  '>_'  or  2.82  mar  ratio  with  33 
inch   wheels. 

For  example,  if  the  car-  are  running  at  a  -peed  of  i'i  mile-  per 
hour,  at  which  -peed  they  are  -till  accelerating,  the  ampere  curve 
./  shows  that  each  low  speed  muter  will  he  taking  39  ampere-  and 
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tlic  ampere  curve  8  shows  a  currenl  demand  of  ioo  amperes  foi 
the  motor  geared  for  high  speed.  The  tractive  effort  curve  A  at  thi 
>ame  speed  gives  $40  pounds  and  B  ro8o  pounds  E01  the  respective 
motors  h  can  therefore  be  >een  thai  .11  this  speed  the  22:62  geared 
motors  are  developing  about  2.5  times  the  tractive  effort  and  taking 
about  2.5  times  the  current  of  the  motor  geared  with  [5:69  ratio. 
In  the  same  manner  the  respective  amperes  and  tractive  efforts  for 
these  two  motors  at  any  speeds  can  be  determined. 

The  operation  of  the  three-car  train  mentioned  above  is  given 
in  more  detail  by  showing  first,  in  Fig.  2,  a  regular  run  of  both  the 
limited-local  single  car.  and  the  combination  mail  and  baggage  car 
with   its  trailer,   while   in    Fig.   3    is  given   the   results   obtained   by 

TABLE  I 
items  Run  No.  I  Run  No.  2 


Weight  of  car  complete  with  load,  tuns V  32 

Weight  of  trailer  complete  with  load.  tons..  20  0 

Grade  and  curve  resistance,  lbs.  per  ton 4  5  4-5 

Train  resistance  motor  car.  lbs.  per  ton IS  15 

Train   resistance  trailer  car.  lbs.  per  ton i-'  0 

Trolley  voltage  average,  volts 500  500 

Length  of  run,  miles 1  1.6 

Length  of  stop,  seconds 15  tS 

Schedule  speed,  miles  per  hour 18  25 

Initial  acceleration,  miles  per  hour  per   sec.  1  I 

K raking  rate,  miles  per  hour  per  sec [.5  1.5 


operating  these  three  car-  coupled  into  a  three-car  train,  on  the 
same  schedules.  On  Tig.  2,  the  speed-time  curve  marked  Run  No.  1 
together  with  current  curve  A,  represents  the  run  of  the  32  ton  com- 
bination mail  and  baggage  car  equipped  with  four  50  horse-power, 
500  volt  motors  with  15:69  gear  ratio  and  33  inch  wheel  pulling 
the  20  ton  trailer,  and  making  a  schedule  of  18  miles  per  hour,  with 
one  stop  per  mile,  under  the  assumption  given  in  Table  I. 

From  this  curve  it  may  be  seen  that  the  motors  only  use  current 
for  135  seconds  out  of  200  seconds  of  the  run,  and  coast  for  40 
onds,  or  20  percent  of  the  total  time.  The  root  mean  square  cur- 
rent for  this  run  is  89  percent  of  the  continuous  capacity  of  the 
motor-.  Consequently  the  motors  have  reserve  not  only  in  -peed 
which  will  allow  the  car  to  make  up  lost  time,  but  they  can  be  op- 
erated continuously  in  this  service  with  a  reserve  capacity  for  emer- 
gency conditions. 
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I  lie  speed-time  curve  marked  Run  No.  2  with  current  curve  B 
repi  esents  the  regular  1  .6  mile  run  of  the  32  ton  passenger  car  with 
out  trailer  al  a  schedule  speed  of  25  miles  per  hour.     This  car  is 
equipped  \\  ith  the  same  quadruple  equipment  of  50  horse-power,  500 
volt  motors  but  with  a  22:62  gear  ratio  and  33  ',1*'I|  wheel.    The  as 
sumptions  are  the  same  as  those  used  in  Run  No.   /  as  shown  in 
Table  I.    This  curve  shows  a  coast  of  8i  seconds,  or  35  percent  of 
the  total  time,  and  that  the  motors  are  using  current   for   1  2 
onds  or  52  percent  of  the  total  time.    The  square  root  of  the  mean 
square   currenl    in    tin's   case    is    93.5    percent    of    the    continuous 
capacity. 

B)   using  tht.'  curves  in  Fig.   1   the  current  and  tractive  effort 
of  each  motor  at  any  period  of  the  run  in   Fig.  2  can  be  obtained. 

The  accelerating  current 
in  each  case  is  at  the 
hourly  rating  of  the 
motor,  and  i-  approxi- 
mately the  same,  being 
ampere^  jn  .  /  and  88 
amperes  in  B  while  the 
tractive  efforts  arc  [538 
pounds  and  w.s'>  pounds 
respectively.  While  the 
period  of  straight  line 
d-time  curves  FOH  QUADRUPLi    50  b  ■    acceleration  on  the  high 

VOLT    MOTORS    ON     }_'    TON    CAB  ,  ,     , 

,,  .     ,  peed  car  is  much  longer 

hun    A  <».    i   and   ./    curves,   motor   car    with     ' 

trailer,    15  r    ratio.      Run   No.   2  and   l<    than    on    the    low    speed 

cun  ir-  -'-'  ratio-  car  with  trailer,  the  bal- 

ancing speed  reached  is  higher  in  about  the  same  ratio,  being  38 
miles  per  hour  on  Run  No.  2  as  against  24  miles  per  hour  on  Run 
No.    i.      In  both   of  these   runs  the   motors,   under  the  conditions 
>ho\vn  in  curves  ./  and  />'.  are  well  selected  for  continuous  sen 
with  a  reserve  in  both  capacity  and  speed. 

Fig.  3  represents  the  results  obtained  by  operating  a  train  com- 
posed  of  the  high   speed  car,  coupled   with   the  low   speed   car  with 
its  trailer,  on  the  same  runs  given  in   Fig.  _*  with  the  assumptii 
indicated  in    I  .ihlc  II.      these  assumption*  are  identical  with  th< 
of   the  regular  schedule*  used  in   Hl-  ept  that   in  Run 

it   u.t-   necessary    to  reduce  the  tunc  ot   stop  fi 1     t<    ■  tid» 

in  order  to  make  the  schedule. 

While  the  load  on  each  motor  in  Run  No.  1,  I  ig.  2,  with  the 
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two  car  trains  is  13  tons  per  motor,  and  the  load  in  Run  No.  2, 
Fig.  2,  with  the  single  ^_'  ton  car  is  eight  tons  per  motor,  it 
should  be  noted  that  with  the  three  car  or  84  ton  train  in  Fig. 
3  each  motor  has  a  load  of  10.5  tons  to  handle.  This  is  an  in- 
crease of  2.5  tons  tor  the  high  speed  car  and  a  reduction  of  2.5 
tons  f<  >r  the  1<  »w  speed  car. 

\^  the  motor  cars  in  this  train  must  necessarily  run  at  the 
same  speed  the  proportionate  amperes  and  tractive  effort  which 
each  motor  will  produce  at  any  of  the  speeds  on  the  curve  can 
he  found  from  the  curves  in  Fig.  1  as  previously  described.  For 
example,  the  average  tractive  effort  to  accelerate  this  train  under 
the  assumption  given  above  is  1  235  pounds  per  motor.  From 
Fig  i  curve  ./  we  see  that  at  id. 4  miles  per  hr.  the  15. 69  gear  ratio 
motor  gives  630  pounds   tractive   effort    with   _|<;  amperes,   while 

TABLE  11 

1 1 1  m  >  Run  No.  1     Run  No.  2 

Weight  of  each  motor  car.  complete  with  load. Tons, 

\\  1  ight  of  trailer Tons, 

<  jra<lc  and  curve  resistance Lbs.  per  ton, 

Train  resistance Lbs  per  ton, 

Average  trolley  voltage Volts, 

Length  of   run Miles. 

Length  of  stop Seconds. 

Schedule  speed Miles  per  hr., 

Initial  acceleration Miles  per  hour  per  second, 

Braking   rate Miles  per  hour  per  second 

the  22:62  geared  motor  gives  [840  pounds  tractive  effort  with 
154  amperes  and  the  average  of  these  gives  the  required  1  235 
pounds  per  motor.  The  heating  effect  on  the  motor  is  shown  in 
curves  ./  and  B  in  Fig.  3.  On  Run  No.  /  the  rout  mean  square 
current  is  only  55  percent  of  the  continuous  capacity  in  the  low 
speed  motor  while  it  is  141  percent  in  the  high  speed  motor,  al- 
though the  current  is  only  used  ~'  1  seconds  or  38  percent  of  the 
run.  The  coasting  period  is  also  very  long,  being  tio  seconds 
or  55  percent  of  the  total  time.  The  balancing  speed  of  this  train 
being  31.5  miles  per  hour,  it  was  neccssar)  in  A'////  No.  2  to  cut 
out  all  coasting  and  also  to  reduce  tin-  time  oi  stop  in  order  to 
make  the  regular  schedule.  'I  he  currenl  i-.  here  used  for  200  oi 
the  230  seconds  or  <tj  percenl  of  the  time.    The  rool  mean  square 
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current  as  shown  in  I  ig.  .;.  Run   '•  is  67  percenl  ol  th< 

tinuous  rating  for  the  slow-speed  motor,  curve  ./  and   w»_>  percent 
for  the  high  speed  motor  as  shown  on  curve  /'. 

I  iu-  above  results  shov*  clearl)   that  it  would  be  impo 
to  run  a  train  of  this  character  under  the  regular  service  condi- 
tions without  seriousl)  overloading  the  motors  on  the  high  spi 
cars.     The    root    mean    square    current,   even    at    the    balanc 
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I  1...   J,      SPKKD-T1MI    CURVES  FOR  QUADRUPLI     50  HP, 
500  VOLT   MOTORS  ON    rHREI  UN 

Run   No.    i   and   ./   curves,    15:69   -car   rati 
Run  A  0.  2  and  H  cun  es,  jj 

speed  "i*  the  train,  is  but  t w 1  >  amperes  below  the  continuous 
capacit)  >u  the  motors.  Consequently  the  only  run  which  could 
be  made  at  all  within  the  capacity  of  the  motors  would  be  a 
limited  run  with  >ut  any  -;.>|>».  While  the  above  conditions  rep- 
resent a  wide  difference  in  gear  ratio,  they  are  such  as  exist  <>n 
many  roads,  and  the  conclusions  reached  prove  that  the  results 
from  the  operation  of  cars  geared  for  different  speeds  should  be 
carefully  weighed  before  this  is  attempted. 


CATENARY  LINE  CONSTRUCTION 

WILLIAM    SCHAAKE 

The  fad  thai  a  large  number  of  electric  railwaj  companies  have  in  the 
past  seven  years,  adopted  the  single  catenary  type  of  overhead  line  construc- 

n  as  host  suited  to  meet  their  service  conditions,  seems  to  indicate  that  this 
type  of  construction  will  eventually  be  a  standard  for  interurban  railways.  As 
the  majority  of  new  installations  will  he  of  this  character,  articles  treating  of 
this  type  ot"  construction,  and  explaining  some  of  the  fundamental  features 
which  are  involved  in  the  design,  layout  and  erection  would  seem  to  he  timely. 

Tl  1  E  catenary  type  of  trolley  construction  was  first  adopted  in 
this  country  in  1905  in  connection  with  high-tension  single- 
phase  railways  and  pantagraph  trolley  operation,  as  the  di- 
rect suspension  system  was  not  adapted  for  high  voltage  insulation 
or  for  pantagraph  trolley  operation.  The  direct  suspension  con- 
-t  ruction  has  its  limitations  both  mechanically  and  electrically. 

When  using  pantagraphs,  it  was  found  necessary  to  have  the 
trolley  wire  as  level  as  possible  with  sufficient  points  of  support 
so  that  the  sag  could  be  reduced  to  a  minimum.  After  some  expe- 
rience was  obtained  with!  the  catenary  type  of  construction  for  sin- 
gle-phase operation,  its  many  advantages  were  apparent  when  ap- 
plied to  600  volt  direct-current  roads  with  wheel  trolley  operation. 
Longer  spans  could  be  used  with  a  saving  in  poles.  Porcelain  insu- 
lation could  be  used  with  a  low  cost  of  maintenance  and  a  high 
factor  of  safety.  High  speeds  were  permissible  without  having  the 
trolley  wheel  leave  the  wire,  and  trolley  breakages  were  almost 
eliminated. 

At  the  present  time,  the  majority  of  interurban  roads  using 
catenary  type  construction  arc  also  using  wheel  trolleys,  which  arc 
-'-mew-hat  cheaper  than  the  pantagraph  trolley  and  seem  to  operate 
satisfactorily.  For  the  contact  wire,  both  hard  drawn  copper  and 
fairly  low  carbon  steel  wire  of  standard  grooved  section  have  been 
used  with  good  success.  Where  high  voltage  alternating  current  is 
employed  together  with  a  sliding  contact  shoe,  the  steel  contact 
wire  gives  more  satisfactory  operation  than  the  copper  wire,  as 
with  a  hanger  having  a  small  amount  of  flexibility  no  kinking  of 
the  trolley  wire  will  take  place  at  the  hanger,  on  account  of  the 
great  stiffness  of  the  steel  wire.  Where  ,-i  steel  trolley  wire  is  used, 
however,  ii  b  necessary  to  have  either  an  auxiliary  trolley  wire 
directl)  ovei  the  steel  contacl  wire,  01  .,  coppei  messengei  cable, 
m  order  to  give  the  required  conductivity.  F01  direct-currenl  worl 
there  aie  a  numbei  oi  installations  using  both  a  coppei  messenger 
cable  and  a  bard  drawn  copper  trolley.  In  this  way  the  cost  of 
feeder  insulation  and  support  may  be  eliminated. 
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1  .  i-i  -   ,  ,1  rRUCTION 

itenan    lin<    construction  at   th<    present   thru         represented 
l.\   the  i' >lli >w  ing  g<  n<  ral  typ< 

1      Steel  rues  engei   cable  and  copper    trolle)    wire 
Copper  messenger  cable  and  copper  trolle)  wire. 

3     Copper  messenger  cable  and  steel  trolley  wire. 

I  Steel  messenger  cable,  steel  contacl  wire-  and  auxiliar)  cop- 
per  feeder  trolle) . 

Sub-Types  .1  Single  catenary  construction.  h  Compound 
catenar)  c<  instruction. 

The  steel  messenger  cable  and  copper  trolley  wire  construction 
i-  best  adapted  for  interurban  roads  operating  on  either  600  or  [500 
volts,  direct-current,  and  using  a  wheel  trolley,  and  when-  it  is  de 
sired  to  have  a  separately  insulated  Feeder  cable,  in  order  that  cer 
tain  sections  of  the  trolley  may  be  cut  out  in  case  of  emergency. 
The  steel  messenger  has  also  a  lower  temperature  coefficient  than 
copper  and  there  is  therefore  less  variation  in  trolley  height  and 
alignment  where  a  steel  messenger  cable  is  used.  By  using  a  hmli 
strength  steel  messenger  cable  a  greater  Factor  of  safety  is  obtained 
than  with  the  copper  messenger  cable,  unless  the  copper  messenger 
is  made  of  a  large  size.  This  would  of  course  resull  in  additional 
load  1  'ii  the  poles  supporting  the  bracket  arms  or  -pan  wire. 

1   \  1  I  \  \KY    SPAN    AND    HANGERS 

1  tangent  track  it  has  been  Found  that  with  bracket  arm  and 
cross  span  construction  a  maximum  span  of  [50  feet  gives  satis 
Factor)  operation,  and  as  this  length  of  -pan  is  used  almost  uni- 
versal!) it  ran  be  considered  as  standard.  With  bridge  construc- 
tion, spans  of  300  Feet  can  l>c  used.  Trolley  wire-  should  be  No. 
0000  standard  grooved  hard  drawn  copper  wire  and  the  messenf 
should  be  7  [6  in.  diameter,  seven-strand  Siemens-Martin  double 
gah  anized  steel  cable. 

The  writer  favors  ten  hangers  per  -pan  where  a  150  fool  span 
i-  used.  With  this  number  of  hangers  the  trolley  wire  is  Kepi 
almost  horizontal,  and  in  case  one  hanger  becomes  loose  satisfactory 
Operation  can  still  be  maintained.  Also,  in  case  of  a  break  in  the 
trolley  wire,  there  would  be  little  danger  of  one  end  striking  the 
rail  and  causing  a  -hort-circnit.  The  majority  of  roads  which 
have  recently  been  built  have  only  five  hangers  per  -pan  or  a 
minimum  hanger  spacing  of  30  Feet.    While  thi«  number  of  hanger- 
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has  given  good  satisfaction,  there  is  not  the  same  factor  of  safety 
as  "ith  ten  hangers  per  span.  It  might,  however,  be  sai<l  thai  in 
some  cases  there  would  he  less  danger  from  accidental  contact 
due  to  a  broken  trollej  which  has  fallen  to  the  road  than  one  which 
is  dangling  in  the  air. 

The  curves  given  in  Fig.  i  show  the  sag  of  the  messenger 
cable  at  different  temperatures  varying  from  —  20  to  120  degrees  F. 
With  the  hanger  having  a  flexible  connection  at  the  massenger  cable 
it  is  an  easy  matter  to  apply  the  proper  tension  to  the  messenger 
and    trolley    wire    after    the    trolley    wire    has   been   hung   and    the 


FIG.    I  —  MECHANICAL    CHARACTERISTICS    OF    SINGLE   CATENARY    LINE    CON- 
STRUCTION 

No.  0000  trolley;  span,  150  ft.;  messenger  ,7S  in.  steel  cable;  weight  per 
ft.  of  span.    1. 13  lbs.. 

Curves  based  on  modulus  of  elasticity  of  copper,  16000000;  modulus  of 
elasticity  of  steel,  29000000;  temp,  coefficient,  copper,  0.0000097;  temp,  co- 
efficient,  steel.  o.ooooc66. 

messenger  hangers  have  been  applied.  The  hangers  have  been  cal- 
culated for  a  messenger  sag  of  16  in.  which  is  obtained  at  a  tem- 
perature of  about  70  degrees  F.  The  messenger  and  trolley  ten- 
sions which  are  given  have  been  found  to  give  the  best  results  in 
practice.  It  is  found  that  with  a  greater  sag  there  is  a  decided 
tendency  for  side  sway  in  hot  weather,  while  with  the  smaller  sag 
the  tension  in  cold  weather,  with  wind  and  ice  load  considered,  might 
nit  in  a  break  or  in  stretching  the  messenger  cable.  It  will  be 
noticed  that  there  is  only  one  temperature  at  which  the  trolley  wire 
is  absolutely  straight.  At  higher  temperatures  a  downward  sag  will 
be  noticed,  while  at  a  lower  temperature  the  trolley  at  the  center 
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of  the  span  will  defied  upward.  This  upward  deflection  adds  a 
load  to  the  messenger  cable,  which  has  been  considered  in  Fig.  i. 
It  is  essential  that  the  trolley  wire  should  be  stretched  as  tight  as 
possihlc  without  causing  a  load  beyond  its  elastic  limit  at  low  tern 
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FIG.    2 — SPAN    AND     1TI.L-0FF    HANGER     SPACIN  CURVES 

WITH    STEADY    STRAIN    AT    EVERY    POLE 

Sags  given  arc  at  6o  degrees  F.     Center  of  itk 
to  center  of  trolley  :=  22  in.  at  bracket  arm. 

peratures.     Otherwise   in  hot   weather   there   will   be   considerable 

side  sway  (if  the  trolley  wire. 

The  hangers  which  should  he  used  on  a  150  foot  span  arc 
indicated  in  Fig.  2,  for  tangent  track  or  for  curves  up  to  one  degree 
inclusive.  For  the  one-degree  curve  it  is  necessary  also  to  have  a 
steady  strain  at  each 
bracket  arm  to  main- 
tain the  proper  align- 
ment of  the  trolley 
wire  with  reference 
to  the  center  of  the 
track.  On  tangent 
track  steady  strains  are  also  required  for  every  third  or  fourth  pole- 
in  order  to  limit  side  sway  of  the  trolley  wire.  For  curves  having 
a  shorter  radius  than  one  degree,   it   is  necessary  to  have  shorter 
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spans  and  also  make  use  of  pull-off  hangers  to  prevent  excessive 
displacement  oi  the  trolley  wire. 

The  pole  spacing  on  curves  should  be  such  that  the  middle 
ordinate  will  not  exceed  16  inches.  By  "middle  ordinate"  is  meant 
(considering  a  plan  view)  the  distance  from  the  center  of  the 
track,  at  the  middle  of  the  span,  to  a  straight  line  connecting  the 
intersections  of  the  two  adjacent  bracket  arms  with  the  center  of 
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FIG.    4 — POLE    AND    PULL-OFF    HANGER    SPACINGS    ON    CURVES 

See  also  Fig.  5 

the  track,  as  shown  in  Fig.  2.  For  interurban  construction,  the 
standard  distance  from  the  center  of  the  track  to  the  inside  of  the 
pole  is  7  ft.  6  in.  Any  increase  in  the  middle  ordinate  results  in 
additional  tension  in  the  bridle  cable,  as  can  at  once  be  seen  from 
Fig.  3,  with  resulting  additional  strain  on  the  pole.  While  in  some 
cases  the  middle  ordinate  can  be  made  more  than  16  in.,  the 
necessary  calculations  should  be  made  to  see  that  after  allowing 
for  the  length   of  the  pull-off  cable,   including  the   insulator,  the 
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bridle  cable  will  not  be  so  straight  as  t"  be  subjected  to  a  consider- 
able tension.  In  trunk  line  electrification  the  distance  from  the 
center  of  the  track  to  the  inside  of  the  pole  is  made  to  ft.  With 
this  condition  a  middle  ordinate  of  -■  ft.  could  be-  used  for  the  pole 
spacing. 

In  order  that  the  plane  of  the  trolley  wheel  may  not  make  too 
great   an  angle  to  the   trolley   wire   it    i-   nec<  that   pull-off 

hangers  be  added  where  curves  have  .1  shorter  radius  than  one 
degree.  The  angmlarity  of  the  trolley  wheel  with  reference  to  1  Ik- 
wire  can  be  much  greater  for  slow  speeds  than  high  speeds.  The 
majority  of  roads  now  projected  are  for  rather  high  speeds  so  thai 
the  pull-off  hanger  spacings  given  in  Fig.  _•  are  for  this  class  of 
rice.  With  this  pole  spacing,  the  middle  ordinate  will  not  ex- 
1  [6  in.,  and  with  the  addition  of  pull-off  hangers  the  middle 
ordinate  will  nol  exceed  6  in.  The  angularity  of  the  trolley  wheel 
t<>  the  wire  will  not  exceed  1.5  degrees  tor  curves  up  t>>  ami  in- 
cluding 5  <1>  -  30  min.:  the  angularity  will  not  exceed  -■  de- 
grees up  to  ami  including  7  degree  curves,  ami  will  nol  1  5 
degrees  for  curves  having  a  radius  up  to  and  including  80  ft. 
While  it  may  seem  that  a  greater  angularity  of  trolley  wheel 
and  trolley  wire  might  be  adopted  ami  still  have  satisfactory  opera- 
tion, it  mUSl  be  remembered  that  the  angles  given  above  are 
tabled  with   the  trolley  wind    following  a  theoretical   circular  path, 

and  with  the  pull-off  hanger  located  in  this  path.  Should  there  be 
side  sway  to  the  car  or  should  the  hanger  be  slightly  displaced  this 
angularity  may  In-  greatly  exceeded  and  result  in  unsatisfactory 

Operation  due  to  the   trolley   wheel    leaving  the   wire. 

While  the  construction  shown  in  Fig.  _'  requires  somewhat 
more  material  than  a  pull-off  hanger  spacing  which  allows  greater 
angularity  between  the  wheel  and  the  wire,  the  operation  will  be 
found  to  be  so  much  more  satisfactory  that  the  additional  hang< 
required  will  be  a  minor  consideration.  For  speeds  not  exceeding 
25  miles  an  hour,  satisfactory  operation  may  be  secured  by  using 
only  the  steady  strains  at  each  pole  as  shown  in  Fig.  2  and  omitting 
the  pull-off  hanger.  The  45  ft.  span  without  the  pull-off  hang 
in  this  case  would  be  suitable  only  for  curves  of  greater  radius 
than  300  ft.  For  curves  of  shorter  radius  pull-off  hanger-  would 
be  required. 

At  the  present  time  the  most  common  practice  seems  to  base 
the  spacing  of  the  pull-off  hangers  on  the  length  of  the  middle 
ordinate,  but  the  better  practice   would   seem   to  be   to  base   this 
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spacing  on  the  maximum  angularity  of  the  plane  of  the  trolley 
wheel  relative  to  the  trolley  wire.  The  satisfactory  operation  of 
the  trolley  depends  on  this  angle.  This  can  readily  be  appreciated 
by  laying  a  piece  of  trolley  wire  in  the  groove  of  the  wheel  and 
then  making  the  wire  assume  an  angle  relative  to  the  plane  of  the 
wheel.     When  this  angle  exceeds   io  degrees,  the  trolley  wire  will 
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FIG.  5 — POLE  AM)  PULL-OFF   HAM, Ik   SPACINGS  ON   CURVES 

ee  also  Fig.  4. 

rise  from  the  bottom  of  the  groove;  and  this  is  the  action  which 
is  liable  to  take  place  in  practice  at  the  trolley  hanger.  The  best 
practice  would  be  to  locate  the  pull-off  hanger  directly  in  the 
theoretical  path  of  the  trolley  wheel  instead  of  equalizing  the  dis- 
placement of  the  trolley  wire  at  the  hanger  and  between  hangers, 
as  is  frequently  done. 
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It   is   sometimes   necessary   to   use   special   spans  and   han| 
spacings.     In  order  t"  determine  at  once  the  middle  ordinate  and 
angularity  of  the  wheel  with  the  wire,  the  curves  shown  in  Figs.  4 
and  5  have  been  developed. 

1  he  relatii  >n  of  the  trolley  wheel  to  the  wire  is  shown  in  Fig  6 
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The  angle  -^  refers  to  the  maximum  angularitj  of  wheel  with  wire. 

\-  can  plainly  be  seen  from  this  figure,  the  angularity  of  the  wl 
with  the  trolley  wire  when  the  wheel  is  passing  the  pull-off  nan 
is  equal  t « >  one-half  the  deflection  angle  given  in  Figs.  4  and  5. 

When  aligning  the  trolley  wire,  due  consideration  should  be 
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FIC     7  FIG.    8 

given  to  the  elevation  of  the  outer  rail  on  curves,  and  the  corre- 
sponding projected  length  of  the  trolley  pole. 

The  formulae  accompanying   Figs.  7  and  8  indicate  a  method 
for  finding  the  amount  by  which  the  pull-off  hanger  should  he  dis- 
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placed  toward  the  center  of  the  curve  to  allow  for  the  variation  in 
effective  length  of  trolley  pole  and  elevation  of  the  outer  rail. 

For  example,  consider  a  three   degree  curve  having  a   radius 
i  oio  ft. :  the  maximum  speed  tc   be  40  miles  per  hour. 

F:  mula  "E  =  1.7879  «  "■  •    "  a  -:.mdard  track  gauge  of  4  ft.  S  in., 

the  elevation  .  :  uter  rail  will  be  3-5,  10  in.   (V  =  speed  in   ft.  per  sec. 

and  R  =  ra  curve  in  ft.). 

J  =  R-x/(kK_nJKV--L2 

Where. — /C  =  i<jio.     //  —  13  ft.   (av.  height  interurban  cars).     E  =  3 
in.     G  =  aj    1    \    5   fl    center  to  center  for  standard   _      -     track  4  ft.  8;  j  in 
L  =  14  ft  =  Pi  I  length  of  16  ft.  trolley  pole,  making  30  deg.  angle  with 

roof. 


J=1910—  \/(i9]     -  14-  =  0.77  ft.  =  19.24  inches. 

For  any  given  car  and  trolley  curves  can  be  plotted  for  the 
radius  of  curve  and  elevation  of  outer  rail.  From  these  curves 
the  displacement  can  then  readily  be  found. 


SAFETY  DEVICES  FOR  ELECTRIC  RAILWAY 

EQUIPMENTS* 

J.  J.  SINCLAIR 

IN  LATER  TYPES  oi  car  equipment  especial  attention  is  being 
given  to  devices  which  will  help  to  prevent  accidents.  Much 
is  being  done  in  door  designs,  and  car  steps  are  being  lowered 
as  much  as  possible,  along  with  changes  in  car-framing.  Many 
passengers  have  been  injured  by  boarding  cars  before  they  come 
to  a  stop  and  by  alighting  while  the  car  is  still  moving.  A  great 
deal  of  valuable  time  in  preventing  accidents  is  lost  by  the  con- 
ductor in  getting  the  proper  signal  to  the  motorman  to  stop  when 
he  sees  a  passenger  in  danger,  and  the  time  taken  by  the  motorman 
to  get  power  off  the  car  and  set  the  brakes  in  emergency.  With  low 
current,  low  voltage  multiple  control  circuits,  all  of  these  difficul- 
ties may  be  overcome.  Some  of  the  important  safety  devices  are 
considered  in  the  following. 

DOOR    SIGNALS 

Cars  equipped  with  either  air-operated  or  lever-operated  doors 
may  have  a  small  interlock  designed  to  close  the  control  circuit 
when  the  door  is  shut.     By  connecting  the  interlocks  on  the  various 
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doors  in  series,   it  that  all   d 

•.urman  can  .-tart  the  train  e  to  el<<sc  the  main 

:tches    until    all    of    the    interlocks    ha 
circuit.      Where  arc    run    in    trail  ill    drum    switch    is 

mounted   on   the  coupler   dash   socket,   so   d<  I   that    when   the 

icket  cover  i-  I  ti>  permit  installation  of  the  jum; 

this  drum  switch  which  is  ith  th< 

and  the  circuit  i>  only  completed  through 

switch  on  the  r<  :i  of  the  rear  car  and  thereby  the  motorman 

can   only   get    the    use   of    the   control    circuit    when    all 

~ed  in  the  train.     The  various  win 
ried  in  the  regular  train  line  control  cable. 

Should  it  not  he  desirable,  however,  \>>  couple  in  the  control 
circuit  in  this  way,  the  motorman  may  il"t 

light  of  the  same  circuit.     This  interlocking 

many   accidents   and   permit    the    conductors    to    pr  with    the 

col'  of   fare.-,  etc..  without  the  u>ual   danger  when  he  is  not 

right  at  the  door  at  the  time  of  starting  the  car. 

INTERLOCKING  POWER  AND  DO 

^rain,  it  is  very  desirable  to  be  able  to  prevent  th<  ing 

of  doors  until  the  car  comes  to  a  nearly 

taken  care  of  in  air-operated  doors  by  a  small  relay  connected 
across  the  armature  of  one  motor,  so  that  the  voltage  generated 
by  the  residual  magnetism  will  hold  the  relay  contact  <>pen.  while 
the  armature  is  revolving,  the  relay  being  connected  to  the  line 
through   a    resistance    when    power    is    on    the   mol  The    valve 

controlling  the  air  to  the  door  is  magnet  operated  and  the  relay 
contacts  are  in  series  with  this  magnet.     The  door  then  cannot 
opened  until  the  relay  contacts  are  closed,  or  when  the  car  is  not 
in  motion.     The  relay  may,  however,  be  adjusted  so  that  the 
may   run  at  some  predetermined  low   speed   without   opening  the 
circuit. 

conductor's  emergency  valve 

A   small   conductor's   emergency   valve   has  been   designed   so 
that  the  conductor  can  bring  the  car  to  a  standstill  in  th< 
possible  time,  doing  away  with  the  time  lost  in  getting  signal-  to 
the  motorman  by  bell  or  otherwise.     This  valve  not  only  applies 
the  brakes,  but  shuts  off  the  power.     It  is  operated  by  a  pull  i 
connected  to  a  small  switch  in  the  control  circuit  and  to  the  stem 


THE  ELECTRIC  JOURNAL 

oi  the  air  valve.  When  the  conductor  pulls  this  rod,  the  switch 
closes  and  the  emergency  valve  opens.  The  closing  of  the  switch 
short  circuits  certain  train  line  wires  and  the  main  motor  switches 
in  the  train  immediately  open.  This  interlocking  is  positive  and 
will  prevent  many  accidents.  The  motorman  cannot  start  the  car 
or  train  again  until  the  conductor  has  released  the  valve. 

DEAD   MAN'S  EMERGENCY 

With  the  later  type  of  master  switches  used  with  unit  switch 
control  equipment,  emergency  handles  may  be  obtained.  The  use 
of  these  handles  necessitates  special  design  of  the  master  switch, 
but  the  advantage  is  gained  in  having  the  dead  man's  release.  With 
this  master  controller,  an  additional  button  on  the  handle  knob 
operates,  through  a  small  toggle,  a  small  emergency  pilot  valve  and 
a  pair  of  control  contacts  in  the  master  controller,  it  is  necessary 
when  operating  the  car  to  keep  this  button  pressed  down  against 
the  handle  knob  in  order  to  avoid  setting  the  brakes  in  emergency 
and  opening  the  control  circuit.  Should  the  motorman  become  ill 
or  for  any  reason  release  his  hand  from  this  button,  power  will  at 
once  be  cut  off  and  the  brakes  applied,  and  the  controller  handle 
must  be  returned  to  the  "off"  position  again  before  power  can  be 
applied  to  the  motors.  This  point  will  be  appreciated  since  when 
motormen  are  careless  or  suddenly  become  unable  to  perform  their 
duties  and  release  their  hands  from  the  older  type  of  controllers, 
accidents  are  more  liable  to  occur. 

RESETTING    OF    CIRCUIT    BREAKERS 

In  older  types  of  controllers  it  is  possible  to  leave  the  con- 
troller in  a  notched-up  position  when  the  circuit-breaker  opens  and 
put  power  back  in  the  motors  as  soon  as  the  breaker  is  closed. 
Many  cases  have  occurred  where  motormen  would  throw  the  handle 
back  to  first  or  second  point,  throw  in  the  circuit-breaker  and  start 
the  car  just  as  a  passenger  steps  from  car.  Most  of  these  cases 
occur  in  city  service.  With  the  later  types  of  unit  switch  control  it 
is  necessary  to  throw  the  handle  to  the  "off"  position  before  the 
circuit-breaker  can  be  reset. 


UNIT  SWITCH  CONTROL 

AARON  B.  C<  'II 

WITH  THE  INCREASE  in  exacting  operating  conditions 
demanded  of  presenl  daj  electric  railways,  it  was  found 
necessary  thai  power  operated  controlling  apparatus  be 
developed,  which  would  not  be  entirely  dependent  upon  the  trolley 
for  current  for  actuating  the  switches  carrying  the  heavy  currents. 
A-  this  existing  power  should  of  necessity  be  of  a  very  reliable 
character,  compressed  air.  with  it-  unparalleled  record  of  relia 
bility  in  the  air-brake,  switch  and  signal  Melds,  is  employed.  A 
since  nearly  all  electric  car-  are  now  supplied  with  air  brakes,  the 
utilization  <>i  compressed  air  in  connection  with  electric  railway 
control  apparatus  was  tin-  obvious  result. 

Tlie  use  of  compressed  air  in  closing,  and  "i"  a  heavy  spring  in 
opening  contacts  that  carry  heavy  electric  current  secures  many 
advantages  not  possible  h\  any  other  means,  such  as  high  pre-^ure 
between  contact-,  which  i-  constant  regardless  of  the  trolley  volt- 
age; a  substantial  reduction  in  wearing  away  of  metal  anil  welding 
together  of  contacts.  Also  since  the  contact  pressure  is  very  posi- 
tive the  contact-  have  a  high  carrying  capacity  and  may  he  narrow, 
thus  permitting  effective  magnetic  blow -out  action  to  take  place  at 
the  switches  when  opening,  since  the  air-gap  between  blow-out  coil- 
is  a  minimum.  Remote  control  -witching  equipment  of  the  type 
described  in  this  article  is  used  on  roads  operating  at  500,  600.  1  joo 
or  1500  volts  direct-current  and  also  on  single-phase  alternating 
current.  It  presents  a  number  of  advantage-  over  the  platform  type 
of  controller  even  when  used  for  -ingle  car  operation,  such  as:  — 

1 — Switches  and  contacts  are  assembled  in  one  compartment. 
with  all  heavy  current  carrying  parts  located  beneath  the!  car.  Cir- 
cuit breaker  action  take-  place  beneath  the  car  and  i-  not  visible  to 
the  passengers. 

2 — Each  circuit  breaking  switch  or  com  arranged   in   an 

isolated  asbestos  or  vulcabeston  insulated  section.     Each  -witch  is 
provided  with  a  powerful  blow-out  more  effective  than  the  average 
car  circuit    breaker.     A    short   circuit   is   opened   by   two   or   n 
switches   in  series,  the  duty  of  handling  heavy  currents   not   being 
imposed  on  any  one  switch. 

3 — A  very  low  current  is  used  in  the  platform  controller  ^o 
that  all  former  platform  controller  burn  outs,  etc.,  are  eliminated. 
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4  -The  controller  occupies  but  very  small  space  on  the  car 
platform. 

5 — There  is  approximately  ioo  pounds  or  more  pressure  be- 
tween each  pair  of  the  heavy  current  carrying  contacts.  Heavy 
cylinder  springs  insure  the  positive  opening  of  switches. 

6 — Less  wire  is  required  for  motor  circuits.     All  motor  current 
wires   are   located   beneath   the  car   and   are   thoroughly   protected 
■nst  the  danger  of  fire. 
7 — The  apparatus  is  designed  on  the  unit  principle  so  that  all 
parts  may  be  readily  inspected  and  easily  replaced.     The  arrange- 
ment of  the  moving  parts  is  such  that  a  wiping  action  of  the  con- 
tact tips  is  obtained,  so  efficient 
in  its  operation  that  long  life  of 
the  contact  tips  may  be  obtained 
with  no  attention  in  the  way  of 
filing  or  trimming.     The  equip- 
ment is  so  arranged  that  the  car 
barn  men  can  easily  maintain  it. 
It  has  the  working  parts  accessi- 
ble and  as  few  as  possible,  and 
wearing   of    the    working   parts 
does  not  affect  the  efficiency  or 
reliability  of  operation. 

During  the  first  few  years  of 
operation  a  prejudice  existed 
against  the  pneumatic  control  on 
account  of  the  belief  that  the 
pneumatic  parts  would  collect 
moisture  and  freeze  during  the 
winter.  It  has  been  demon- 
strated during  several  severe 
winter  seasons  in  northern  cities  that  the  question  of  freezing  is 
negligible  if  the  cars  have  the  reservoir  and  piping  properly  ar- 
ranged. The  objection  has  also  been  raised  that  inasmuch  as  the 
control  depends  on  the  air  supply,  all  cars  would  be  disabled  if  the 
air  compressor  failed.  This,  of  course,  is  true,  but  is  regarded  by 
many  railway  managers  as  an  advantage,  or  at  least  as  not  in  any 
way  objectionable  on  account  of  the  fact  that  when  the  compressor 
fails  the  air  brakes  are  disabled,  and  it  is  unsafe  to  operate  a  car 
with  the  power  brakes  disabled.  In  cases  of  this  kind  cars  equipped 
with  unit  switch  control  may  be  coupled  with  the   following  car 


FIG.     I — CAR     INTERIOR,     SHOWING     MO- 
torman's   CONTROL   EQUIPMENT 
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when   it   arrives  and   the   tWO  be  Operated   as   a   multiple  unit    train: 

thai  is,  the  motorman  on  the  head  car  controls  and  operates  both 
cars.     Where  desired,  an  emergency  or   spare   reservoir  may  be 
used,  sufficient  to  take  the  ear  to  the  terminal  or  at  least  to  a  tele- 
phone siding  <>r  junction,  in  case  the  compressor  fails,     Howe> 
the  great  reliability  and  economy  of  this  control  on  over  a  hundi 
mads  demonstrates  that  this  feature  is  negligible. 

[•RAIN    OPERATION 

In  addition  to  the  advantages  of  the  unit  switch  control   for 
single  car  operation,  one  of  the  mosl  important  points  in  it-  favor 

is  the  ability  to  control  two  or  more  cars  simultaneously.     Multiple^ 
unit  operation,  which  is  mad'  hie  by  unit  -witch  control,  ha 

number  of  characteristics  that  greatly  enhance  the  operating  ef- 
ficiency of  a  >y>tem.  Where  multiple-unit  trains  are  employed  it 
is  usually  not  necessary  to  have  either  cars  or  equipment  as  lai 
as  if  they  were  operated  singly  at  all  times.  In  the  efforl  to  avoid 
train  operation  the  size  and  equipment  of  interurhan  rolling  stock 
has  been  increased  to  huge  proportions.  These  big  cars  run  most 
of  the  day  with  a  small  number  of  passengers  for  the  sake  of  being 
able  to  handle  the  fifty  or  sixty  who  must  be  provided  for  on  a  few 
special  trips.  To  make  proper  use  of  mulitple-unit  trains  a  size  of 
car  more  nearly  suited  to  the  average  load  should  be  employed  and 
the  capacity  increased  by  coupling  up  when  necessary.  With  equip- 
ments properly  proportioned  on  this  basis,  there  are  probably  few 
roads  where  two-car  trains  could  not  be  run.  Some  roads  may  hesi- 
tate to  employ  multiple-unit  trains  on  account  of  a  supposed  inade- 
quacy of  sub-station  and  feeder  capacity.  The  power  requirements 
can  be  kept  within  very  reasonable  limits  by  proper  training  of 
the  motormen.  The  cars  on  a  certain  line  were  equipped  with  two 
150  horse-power  motors,  or  a  total  of  300  horse-power  each,  and 
geared  for  a  maximum  speed  of  about  50  miles  per  hour.  Great 
care  had  been  taken  in  training  the  motorman  on  this  line,  and  as  a 
result  the  maximum  current  per  car  rarely  exceeded  350  ampei 
Where  the  motormen  have  not  been  instructed,  currents  of  over 
600  amperes  have  been  noted  on  cars  with  the  same  equipment.  It 
is  quite  evident  from  these  figures  that  two-car  trains  in  the  hands 
of  the  first  set  of  men  could  have  been  operated  with  peaks  little  or 
no  higher  than  those  caused  by  -ingle  cars  in  the  hand-;  of  the  sec- 
ond set. 

Further,  multiple-unit  cars  are  able  to  move  independently,  and 
the  making  up  of  a  train  can  be  done  with  a  minimum  shifting,  as 
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compared  with  the  use  of  trailers.  At  stub  end  terminals  either  car 
may  be  used  for  the  leading  car.  If  the  motors  were  originally 
correctly  applied  there  will  be  no  danger  of  overloading  them,  since 
the  weight  handled  per  motor  is  uniform.  Thus,  it  is  possible  with 
this  uniform  motor  loading  to  apply  the  motors  more  efficiently  as 
to  size  and  gear  ratio,  than  if  trailer  operation  had  to  be  provided 
for;  and  smaller  motors,  geared  for  lower  speeds,  can  be  used  for  a 
given  car  schedule.  Thus,  for  handling  varying  crowds,  and  still 
maintaining  a  close  schedule,  the  employment  of  trailers,  even  under 
favorable  circumstances,  becomes  a  temporary  ex- 
pedient when  compared  to  multiple-unit  operation. 
The  advantages  of  train  operation  are  not  by 
any  means  confined  to  saving  in  power  and  flexibility 
of  equipment.  The  operation  of  two  single  car  units 
requires  four  men  to  two  cars,  while  the  operation 
of  a  two-car  train  requires  only  three  men  for  two 
cars,  thus  effecting  a  saving  of  25  percent  in  labor. 
Where  the  traffic  is  necessarily  congested,  as  in  the 
center  of  a  city  during  the  rush  hour  periods,  single 
car  operation  does  not  permit  of  the  maximum  use 
of  the  tracks. 

TYPES  OF  UNIT  SWITCH  CONTROL 

Four  types  of  unit  switch  control  are  in  com- 
c  o  x  t  roller  mon    use>    t'le    classification    depending    upon    the 
method  of  applying  the  power  to  the  unit  switches. 
These  are : — 

I — Hand  operated,  line  voltage  control,  known 
as  HL.     The  master  controller  has  as  many  points 
as  there  are  control  positions,  and  a  separate  reversing  handle. 

II — Automatically  operated  line  voltage  control,  known  as  AL. 
The  master  controller  has  three  points  forward  and  three  reverse, 
corresponding  to  switching,  series  running  and  parallel  running. 

Ill — Automaticallv  operated  battery  voltage  control,  known  as 
AB. 

IV — Hand  operated,  battery  voltage  control,  known  as  HR. 
These  type-  of  control  are  all  suitable  for  multiple-unit  opera- 
tion and  each  possesses  all  the  advantages  enumerated  for  the  unit 
switch  control. 

The  HL  Control  has  been  especially  designed  for  service  where 
apparatus  of  a  simple  character  is  particularly  desired.     On  this 
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•lint,  various  features,  such  a-  automatic  acceleration,  bridging 
transition,  etc.,  have  been  omitted.  Hiese  features  are  not  essen- 
tia] for  t!  -.he  for  which  the  equipments  are  intend- 
ed, particularly  wh  tnplicity  <>i  parts  1^  desired.  This  is  the 
type  of  control  which  i>  in  most  common  use  for  oit)  and  lij^lit  in- 
terurban  service  where  light  weight  and  cheapness  are  primi 
siderations,  where  the  trolley  voltage  is  fairly  uniform  and  where 
automatic  acceleration  is  not  necessary. 

This  type  of  control  i->  so  arranged  that  trains  may  Ik-  made 
of  two  or  more  cars,  but  generally  not  exceeding  five  motor  ca 
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FIG.    y  '!    or   CONNECTIO 

Four   •.!  tor  equipment,  with  HI.  type  of  unit  switch  I,  in  which 

acceleration  of  the  car  or  1  ttve  is  secured  l>y  means  of  a  hand-operated 

drum    controller,    and    in    which    the    magnet    valves    of    the    switches    art- 
operated    by    current    tap]  m     a     resistance    connected    directly    act 
the  line. 

and  the  train  may  be  operated  from  either  end  of  any  motor  car. 
The  main  circuit  connections  arc  made  by  means  of  a  number 
independent  pneumatically  operated  switches  known  as  unit  switch- 
es, each  provided  with  a  strong  magnetic  blow-out,  and  normally 
held  open  by  a  powerful  spring. 

In  small  equipments  all  of  the  unit  hes  are  mounted  in  an 

iron  frame  known  a-  the  switch  group,  and  two  of  the  ^witches  in 
the  group  act  as  circuit  breakers.     Large  equipments  are  provided 
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with  a  two-unit  line  >\\  itch  mounted  on  a  separate  frame  from  the 
switch  group,  which  performs  the  functions  of  an  automatic  cir- 
cuit breaker.  The  overload  trip  that  controls  the  opening  of  all 
switches  in  case  of  overload  or  short-circuit  is  mounted  on  the  end 
oi  the  switch  group,  or  line  switch  when  separate  from  the  switch 
^  up.  This  trip  is  acuated  by  the  magnetic  pull  produced  by  one 
the  blow-out  coils,  which  is  in  the  main  circuit.  When  a  prede- 
termined current  value  is  exceeded  a  plunger  carrying  two  contact 
discs  breaks  the  control  circuit  which  causes  certain  switches  to  open 
in  the  line  switch  and  switch  group.     This  plunger  when  drawn  in 


FIG.    4 — UNIT    SWITCH    GROUP 

•  type  AL  control  shown  in  Fig.  6.     Cover  removed. 

-  held  by  a  latch  and  cannot  be  released  until  the  control 
-  :tch  in  the  cab  is  reset.  This  can  only  be  done  when 
the  controller  is  on  the  "off"  position.  This  trip  can  be  also 
set  by  pulling  a  wire  hanging  through  the  overload  trip  ^r,ver, 
attached  to  the  relay  armature  which,  when  pulled,  releases  the 
plunger  from  the  hold  of  the  latch,  and  again  establishes  the  con- 
trol circuit  through  the  trip.  Then  to  energize  the  control  circuit 
the  control  switch  need  only  be  placed  in  the  ''on"  position  and  the 
master  controller  notched  up  to  start  the  train. 

A  pneumatically  operated  reverser  controls  the  direction  of  op- 
eration of  the  car.  This  reverser  consists  of  two  pistons  similar  to 
those  attached  to  the  unit  switches,  which  serve  to  move  the  reverser 
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drum  to  the  forward  or  reverse  position.     I  h<-  air-brak< 
furnishes  compressed  air  foi  er  and  -«ii'; 

Junction  boxes  are  used  for  making  connections  between  the 
train  line  and  branch  control  circuil  to  the  various  pi<  I  appa- 

ratus on  each  car.    Connecting  into  these  junction  b 
conductor  train  line  which  extends  the  lengtl  and  ends 

in  a  multi-point  receptacle  at  each  end.  The  train  line  is  made 
continuous  throughout  a  number  of  cars  by  connecting  adjoining 

train  line  receptacles  with  a 
multiple-conductor  train  line 
jumper. 

I  he  train  lin<-  i-   rendei    ' 
r   and    the   whole   equip- 
ment more  reliable  by  the  ar- 
range incut  i  >f  the  control  re- 
sistant I  his    resistance 
not  connected  in  series   with 
the  magnet  coils,  but  is  con- 
ted    in    -hunt    across    the 
line  when  the  master  control- 
is  on  and  the  magnel  coils 
are  operated   from  low  volt- 
taps.      Thus,     normally, 
only    one    of    the    train    line 
wires  carries  full  trolley  volt- 
while    the    remainder   an: 

subjected  to  voltage  of  one- 
third  or  less,   instead   of   all 

the  auxiliary  circuits  being  operated  at  full  line  voltage.  The  ma- 
ter controller  consists  of  a  -mall  drum  controller  with  the  main  and 
reverse   handles    interlocked   which    preclude-   any    false   operation. 

The  extensive  application  of  this  type  of  control  has  been  due 
to  its  simplicity,  accessibility,  ruggedness,  and  powerful  action,  fin- 
bodying  the  fewest  and  simplest  parts  possible. 

Except  on  large  equipments,  the  switch  group  and  the  reverser 
cover  the  entire  main  circuit  parts.     The  arrangement  of  these 
separate  items  instead  of  in  the  same  frame  enables  both  to  be  m 
much  more  accessible  for  inspection  or  repairs  and  permits  a  better 
balance  to  be  obtained  when  the  apparatu-  i-  mounted  on  -mall  cat 


FIG.    ;— LINE   SWITCH    FOR  TVI'F.  Al.   UNIT 
SWITI  II    CONTROL   -MOWN    IN    PIC.  6. 
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AL  Control — This  type  of  control  has  three  important  advan- 
tages, due  to  its  automatic  acceleration  feature,  namely: — 

1  —  Safety  to  motor  equipment. 

J — A  predetermined  rate  of  acceleration. 

3     Comfort  to  passengers   (with  high  powered  motors). 

For  operation  on  elevated  roads,  in  subways  and  trunk  line  in- 
ter urban  service,  particularly  with  trains  made  up  of  a  number  of 
cars  equipped  with  high  power  motors,  where  no  severe  grades  are 
encountered,  this  type  >>i  control  is  especially  adapted.  In  service 
of  this  kind,  the  schedule  is  very  inelastic,  and  under  close  head- 
way, making  it  necessary  that  all  trains  keep  their  proper  headway 
at  all  times ;  the  last  being  possible  by  use  of  the  automatic  accelera- 
tion features  of  this  control. 


SEQUENCE  OF  SWITCHES 

— IJ   I  J    I 


FIG.    6 DIAGRAM    OF    COXXKCTIOXS. 

For  two-motor  equipment,  with  type  AL  unit  switch  control  in 
which  acceleration  of  the  car  or  locomotive  is  secured  automatically,  only 
three  operating  positions  being  given  by  the  master  controller,  correspond- 
ing to  "switching,"  "series,"  and  "parallel"  connections  of  the  motors;  the 
valve  magnets  of  the  unit  switches  are  operated  by  current  tapped  from  a 
resistance  connected  directly  across  the  line. 

The  essential  difference  in  this  equipment  over  the  hand  oper- 
ated control  is  that  the  acceleration  of  the  train  is  secured  auto- 
matically. The  master  controller  has  only  three  positions,  wdiich  are 
"switching."  series  running,  and  parallel  running.  The  "off"  posi- 
tion is  in  the  center.  The  unit  switches  are  provided  with  inter- 
locks which  are  electrically  connected  with  the  valve  magnets  in 
such  a  manner  that  the  closing  of  one  switch  energizes  the  magnet 
of  the  next,  thus  producing  automatic  progression  of  the  switches, 
under  the  direction  of  the  limit  switch.  This  limit  switch  controls 
the  rate  at  which  the  resistance  is  cut  out  of  circuit,  so  as  to  give 
uniform  accelerating  current.     This  produces  smooth  and  econom- 
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ical  acceleration  and  also  prevents  abuse  of  equipment  by  accelei 
ing  in  excess  of  the  predetermined  rate. 

The  limit  switch  consists  of  a  solenoid  operated  by  the  current 
of  oik-  motor  or  pair  of  motors.  When  this  current  i  eeds  a  pre- 
determined limit  for  which  the  switch  i-  adjusted,  the  circuit 
through  a  pair  of  contacts  in  the  operating  circuit  is  opened.  Tin- 
circuit  remains  open,  so  thai  no  further  unit  switches  can  clo 
until  the  accelerating  currenl  falls  below  the  predetermined  limit 
when  the  control  circuit  is  again  closed,  thus  allowing  the  unit 
switches  to  continue  their  progress-ion.  Should  the  overload  trip 
open  the  control  circuit,  this  is  reset  by  the  plug  switch  in  the  mas- 
ter controller,  the  plug  being  attached  to  the 
controller  by  a  chain. 

AB  Control  uses  currents  from  a  storage 
battery,  at  approximately  15  volts  for  the  con- 
trol circuits.  For  elevated  ami  interurban 
lines  that  operate  trains  of  three  or  more  cars, 
ami  where  the  profile  of  the  latter  type  of  road 

i-  generally  level,  this  control  apparatus  may 

be  used  to  advantage.  It  is  also  excellently 
adapted  to  single-phase  railway  operation,  for 
the  batteries  supply  the  direct-current  neo 
sary  for  energizing  the  control  circuit-.  Be- 
cause "t"  its  advantages  this  method  is  used  by 
"  many    important     systems     for     multiple-unit 

train   control.      Among   these   properties   are: 

New  York,  New  Haven  &  Hartford  Railroad; 

troller    for    Tvi'i  '  Ai.  l'K'  Long  Island  Railroad;  the  Brooklyn  Rapid 

unit   switch   control  Transit  Company;  the  Metropolitan  Elevated 

SH0WN  1N  "'-  6-         Railway  of  Chicago;  the  South  Side  and  the 

Wesl  Side  Elevated  Railways  of  Chicago,  and  the  Pacific  Electric 

Railways  Company  of  Los  Angeles,  Cal.     Some  of  the  advantages 

of  storage  battery  control  are: — 

I — Should  brakes  fail  due  to  "trolley  off"  or  any  other  cause, 
the  motors  can  he  "bucked,"  providing  an  emergency  brake  of  great 
effectiveness. 

2 — Fuses  are  unnecessary  in  the  control  circuit  since  low 
voltages  only  are  used.  Danger  of  fuses  blowing,  and  rendering 
the  control  inoperative  during  emergencies  is  thus  eliminated. 

3 — The  possibility  of  insulation  breakdowns  in  the  train  line 
or  jumper  cables  which  might  result  in  false  operation  of  the  con- 
troller is  minimized.     This  is  because  of  the  low  control  voltage. 
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4 — There  is  no  necessity  for  conductors,  fuses  or  switches  at 
line  potential,  on  the  car  platform. 

5 — Signal  hells  and  tail  lights  can  be  operated  from  the 
storage  battery. 

FIELD  CONTROL 

Field  control  is  a  system  of  regulating  the  speed  of  a  direct- 
current  series  motor  by  varying  the  effective  field  turns.  This  is 
effected  by  employing  motors  having  a  greater  number  of  turns  in 
the  field  winding  than  is  ordinarily  employed,  and  by  arranging 
the  control  so  that  on  certain  notches  a  portion  of  the  field  winding 
is  cut  out  of  circuit.  With  motors  thus  equipped,  cars  or  locomo- 
tives can  start  heavy  loads  with  small  current  consumption,   and 
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FIG.    8 — DIAGRAM    OF   CONNECTIONS. 

Four-motor  equipment,  with  the  type  AB  unit  switch  control  in  which 
acceleration  of  the  car  or  locomotive  is  secured  automatically;  corresponding 
to  the  type  shown  in  Fig.  6,  except  that  current  for  operation  of  the  valve 
magnets  is  furnished  by  a  15  volt  storage  battery. 

can  also  run  efficiently  at  high  speed  when  desired.  A  two-motor 
equipment  has  four  efficient  speed  notches  on  the  controller  which 
enables  the  same  equipment  to  be  operated  with  a  minimum  loss 
in  either  local  or  high  speed  service.  Trains  may  be  started  with 
much  lower  accelerating  currents  and  will  run  on  resistance  a 
smaller  portion  of  the  time.  Thus  a  double  saving  ensues.  When 
the  entire  field  winding  is  used,  the  motor  can  produce  large 
tractive  efforts  at  low  speeds  with  moderate  current  input.  This 
enables  it  to  start  and  accelerate  a  car  very  smoothly.  When  a 
portion  of  the  field  winding  is  cut  out,  the  characteristics  of  the 
motor  are  modified  just  as  if  the  gear  ratio  had  been  instantane- 
ously changed. 
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When  connected  in  this  way.  the  motor  attains  higher  speeds 
than  with  the  full  field  winding  in  use,  and  wink-  this  "normal 
field"  is  not  so  well  adapted  for  starting  the  car,  it  is  much  better 
adapted  for  producing  a  high  maximum  car  speed.  In  tins  way  a 
given  equipment  can  be  made  to  operate  more  nearly  under  ideal 
conditions  both  in  starting  and  in  free  running  than  if  it  must  be 
arranged  on  some  compromise  basis. 
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Kir,,  g — DIAGRAM  OF  CONNECTIONS  OF   NEW  VnKK,  NEW  HAVEN  ft  HARTFORD 

LOCOMOTIVE 

Equipped   with   type    HB   unit   switch   control   in    which   acceleration   is 

secured  by  means  of  a  hand-operated  drum  controller,  and  in  which  the 
magnet  valves  of  the  unit  switches  are  operated  by  current  from  a  15  volt 
storage  battery. 

This  arrangement  is  particularly  advantageous  for  city  and 
suburban  service  where  a  large  number  of  service  stops  are  made, 
and  under  such  conditions  there  is,  with  field  control,  a  saving  of 
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8  to  15  percent  in  power  consumption.  Field  control  is  also  ad- 
vantageous for  interurban  equipments  which  are  sometimes 
operated  in  local  and  sometimes  in  limited  service.  Its  use  in  such 
case-  enables  a  single  motor  equipment  to  be  readily  arranged  so 
as  to  give  good  results  in  both  classes  of  service. 

Field  control  insures  a  minimum  of  operation  on  resistance. 
It  virtually  produces  a  high  speed  equipment  which  has  an  ex- 
tremely small  rheostatic  loss  in  starting.  The  saving  in  energy  will 
depend  largely  on  the  amount  that  is  ordinarily  lost  in  resistance. 
Inasmuch  as  higher  speeds  are  possible,  the  time  of  coasting  is 
usually  longer  with  field  control,  and  another  saving  is  thereby 
effected  through  the  reduction  of  braking  losses.  There  is  also  a 
slight  economy  in  weight,  as  a  decrease  in  resistance  loss  insures 
that  there  will  be  less  resistance  to  carry.  In  some  cases,  with 
field  control,  the  motor  is  also  lighter. 

The  first  important  installation  of  field  control  on  locomotives 
was  that  on  the  passenger  locomotives  placed  in  service  by  the  New 
York,  Xew  Haven  &  Hartford  Railroad  five  years  ago.  When 
operating  in  the  direct-current  zone  the  speed  is  regulated  by  field 
control.  The  method  proved  so  satisfactory  that,  when  the  time 
came,  the  same  plan  was  adopted  for  the  locomotives  for  the  Penn- 
sylvania Railroad  Company's  New  York  City  extension  and  its' 
success  has  been  equally  great  w^ith  these  engines.  Through  the 
use  of  field  control  the  Pennsylvania  locomotives  have  the  advan- 
tage of  both  high-speed  and  low-speed  machines.  The  full  field 
gives  an  enormous  tractive  effort  at  slow  speeds  writh  relatively 
small  current  and  the  normal  field  permits  the  locomotive  to  haul 
comparatively  heavy  loads  at  high  speeds,  enabling  the  motors  to 
efficiently  operate  over  a  very  wide  range  of  speed.  Numerous  in- 
stallations with  this  type  of  control  have  since  been  made  on  both 
city  and  interurban  lines,  and  its  fitness  on  commutating  pole  motors 
has  been  demonstrated. 

Any  of  the  unit  switch  systems  of  control  can  be  equipped 
with  field  control,  the  type  designation  being  formed  by  adding  the 
letter  F  to  the  unit  switch  type  designation.  The  three  in  most 
common  use  are  the  HLF,  ALF  and  HBF. 

HLF  Control — In  case  a  road  wishes  to  standardize  an  equip- 
ment or  wishes  to  still  make  use  of  the  advantages  of  HL  control, 
HLF  control  may  be  adopted.  This  combines  the  advantages  of 
both  HL  and  field  control.  With  an  equipment  of  this  kind,  the 
acceleration  of  the  car  or  train  is  entirely  under  control  of  the 
motorman,    and    at   the    same    time,    by   the    use    of    field    control, 
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economj  in  power  is  effected,  and  the  same  car  can  I  I  for  local 

and  limited  service.  The  lasl  1-  important  in  thai  often  onl)  gears 
and  pinions  for  one  gear  ratio  need  be  carried.  This  type  of  con- 
trol is  adapted  to  city  and  intemrban  sen  1  either  single  1  ar  or 
train  operati<  >n. 

.//./•  Control  This  type  of  control  i^  applicable  to  the  same 
kind  of  service  in  which  A  I.  equipments  are  operated,  namely,  mul- 
tiple-unit train  operation  on  elevated  roads,  in  subways  and  in  trunk 
line  suburban  servi 

I/BF  control   is   well   adapted    to   locomotive   service   and    in 
addition  lias  the  advantage  of  the  field  control  feature  which  gi 
a  flexible  equipment  and  affects  economical  power  consumption.     A 
notable  application  of  this  type  of  control  is  to  be   found  on  the 
Pennsylvania  Railroad  locomotives. 

When  the  Pennsylvania  Railroad  locomotives  were  con- 
structed, an   HBF  type  of  control   was   developed   for  controlling 
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FIG.    IO — DIAGRAM    OF 

Two-motor  equipment,  with  type  II  LI'  unit  switch  control  similar  to  that 
shown  in  Fig.  .^.  hut  with  the  field  control  feature  addi 

the  large  2000  hp  commutating  pole  motors  which  propel  them. 
The  field  of  each  motor  is  divided  into  two  parts,  and  in  both 
series  and  parallel  running  there  are  two  running  points:  one  with 
maximum  or  full  field,  and  the  other  with  normal  or  halt  field  in 
circuit.  In  each  case  there  are  two  transition  positions  between 
full  field,  and  normal  field.  Thus  these  controllers  have  four 
the  large  2000  hp,  commutating  pole  motors  which  propel  them, 
running  positions.  The  handle  of  the  master  controller  i-  arranged 
to  have  but  a  comparatively  small  amount  of  travel,  similar  t"  that 
of  a  steam  locomotive  throttle :  however,  by  means  of  a  gear  connec- 
tion, this  small  movement  is  multiplied  in  transmimssion  to  the  con- 
troller drum. 

An   extremely   quick-acting   circuit-breaker    i-    used.      (  hi    ac- 
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count  of  its  size  it  operates  differently  from  the  ordinary  line 
-witch  or  circuit-breaker,  in  that  it  can  be  tripped  without  first 
releasing  the  air  from  the  main  cylinder.  By  its  quick  action  the 
extent  of  damage  from  short-circuits  is  greatly  decreased.  This 
main  circuit-breaker  is  of  high  capacity  and  may  be  opened  and 
closed  by  opening  and  closing  the  low  voltage  circuit  which  leads 
to  the  magnet  valve  that  admits  compressed  air  to  the  operating 
cylinder,  or  it  may  be  opened  automatically  by  means  of  a  mag- 
netic trip.  The  motor  current  passes  through  the  coil  of  this 
tripping  magnet  and  if  the  current  through  the  circuit-breaker  be- 
comes higher  than  that  for  which  the  breaker  is  adjusted  the 
plunger  lifts  and,  striking  against  the  trip,  causes  the  breaker  to 
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FIG.    II — DIAGRAM    OF   CONNECTIONS. 

Four-motor  equipment,  with  type  ALF  unit  switch  control  similar  to  that 
shown  in  Fig.  6,  but  with  the  field  control  feature  added. 

open.  The  movement  of  the  main  contacts  when  opening  and  clos- 
ing is  the  same  as  in  the  unit  switches.  The  operating  mechanism 
is  different,  the  moveable  contact  arm  not  being  connected  directly 
to  the  piston  rod,  but  to  the  upper  end  of  a  guide  rod  operated  by 
a  vertical  movement  of  this  rod  which  is  connected  through  a  sys- 
tem of  levers  to  the  piston  of  the  operating  cylinder  on  one  side 
and  to  the  overload  device  on  the  other  side,  through  a  tripping 
lever. 

These  circuit-breakers  are  enclosed  in  iron  cases.  The  arc 
chute  in  which  the  main  contacts  are  contained  is  open  so  as  to 
give  plenty  of  room  for  the  copper  gases  to  vent  when  the  breaker 
opens  from  excessive  current.  Powerful  blow-out  magnets  are 
located  on  each  side  of  the  arc  chute  opposite  the  contacts.  The 
circuit-breakers  are  located  one  on  each  locomotive  unit,  near  the 
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cab  partition  adjacent   tO  the  switch  groups,   the   arc  chute   venting 

toward  the  center  passageway  between  switch  groups. 

As  an  emergency  provision,  in  order  to  "kill*'  the  third  rail  for 
any  reason,  a  short  circuiting  or  grounding  switch  is  placed  on 
each  half  of  the  locomotive.  It  is  operated  l>y  a  pull  lever  pn>i 
ing  through  the  floor  on  the  left  side  of  the  cab.  The  closing  of  this 
switch  unprotected  by  fuses  causes  a  dead  ground  which  is  ample 
to  trip  the  breakers  at  the  sUb  stations  and  thereby  cu1  off  pov 

CONTROL  SYSTEMS   FOB    [200  AND    [50O  VOLTS 

Pneumatically-operated  11L  unit-switch  control  is  peculiarly 
adapted  tor  1200  and  1500  volt  operation.  The  following  list  of  it- 
inherent  desirable  properties  indicates  why  this  is  so: — 

1 — The  main  contacts  are  held  together  with  great  and  uni- 
form pressure.  Powerful  springs  open  the  contacts.  Positive  ac- 
tion is  assured. 

2 — The  magnetic  blowout  is  exceptionally  effective,  due  to  the 
arrangement  of  the  blowout  coils. 

3 — The   physical    construction   of   the   pneumatically    operated 
switch   permits  the  use  of  liberal    insulation  and  surface  creep 
distance. 

4 — A  low  voltage,  approximately  100  to  125  volts,  is  used 
across  the  magnet  coils  operating  the  magnet  valves  and  interlocks. 

When  a  pressure  of  1200  volts  is  used  on  the  trolley,  the  duty 
of  the  control  apparatus  is  exceptionally  severe,  particularly  when 
a  breakdown  takes  place  and  the  motors  flash  over;  moreover,  the 
resulting  current  is  several  times  greater  than  that  with  500  or  ' 
volts.  Control  equipment  for  i  200  volt  operation  must  he  designed 
to  meet  these  conditions. 


CARBON  CIRCUIT  BREAKER  DEVELOPMENT 

J.  N.  MAHONEY 

IN  THE  early  stages  of  electric  railway  development  two  forms 
of  switchboard  circuit  breakers  appeared  as  part  of  the  general 
equipment.  <  hie  type  took  the  form  of  an  overload  trip 
switch  having  carbon  arcing  tips  and  known  as  the  "carbon"  circuit 
breaker.  The  other  form  consisted  of  an  overload  trip  switch 
having  arcing  tips  protected  by  a  magnetic  blowout.  In  the  carbon 
form  the  tips  on  the  stationary  and  moving  elements  engaged  one 
another  in  parallel  planes  perpendicular  to  the  supporting  base 
of  the  apparatus,  and  had  a  sliding  contact  for  a  considerable  dis- 
tance which  overlapped  the  engagement  of  the  main  copper  con- 
tacts so  that  the  copper  contacts  were  disengaged  before  the  carbons 

broke  the  circuit.     This   form  of   circuit 
breaker  is  illustrated  in  Fig.  i. 

The  earlier  magnetic  blowout  switch- 
board circuit  breakers  had  the  blowout 
coils  connected  directly  in  series  with  the 
contacts,  which  construction  was  per- 
missible while  the  generating  plants  were 
of  small  capacity.  The  heavier  currents 
required  in  the  larger  installations — as 
railway  development  progressed — -required 
a  change  in  construction  of  magnetic 
blowout  to  a  form  in  which  auxiliary  con- 
tacts or  arcing  tips  were  connected  in 
scries  with  blowout  coils  of  relatively 
type  of  car-   snian   conducting  capacity,  and  this  aux- 

BON    CIRCUIT   BREAKF.R  .  .  .  ,    •  , 

lhary  blowout  circuit  was  placed  in  shunt 
to  the  main  contacts.  The  mechanical  construction  was  such  that 
the  main  contacts  opened  a  short  period  before  the  auxiliary  con- 
tacts in  order  to  cut  the  magnetic  blowout  and  arcing  tips  into 
circuit  to  take  care  of  the  arcing. 

In  the  earlier  forms  of  both  types,  the  main  contacts  took  the 
form  of  jaws  and  blades  of  generally  similar  construction  to  the 
present-day  knife  switch  contacts.  As  the  conducting  capacity 
required  was  increased,  it  became  necessary  to  obtain  a  more  com- 
pact form  for  the  main  contacts,  and  the  "laminated  brush"  or 
"bridge"  form  was  developed.     As  capacities  still  further  increased 
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it  was  found,  in  the  magnetic  blowout   form,  thai  tl  induction 

of  tin-  magnetic  1>1<>\\<>iu  circuit  in  shunt  t"  the  laminated  bridge 
main  contacts  sometimes  caused  an  arc  t<»  persist  <>n  tin-  main  con- 
tacts,  under  heavy  short-circuil  conditions,  and  destroyed  them. 
This  caused  the  abandonment  <»t"  tins  form  excepl  in  relatively 
-m. til  capacities. 

The  two  prime  functions  of  a  circuit  breaker  are,     it-  ability 
to  open  the  circuit  with  certainty  under  the  abnormal  conditions 
that  cause  it  t"  operate,  ami  its  ability  t<>  conducl  its  rated  current 
continuously,  ami  abnormal  current   for  short   periods.     It   is  evi- 
dent M' 'in  the-  preceding 
paragraph  that  tin-  firsl 
f  u  ncti  o  n  or  "circuit 
breaking    ability"    w  a  > 
not    successfully    met    by 

the  magnetic  blow-out 
in  large  c<  inducting 
capacities  ami  all  i  >f  the 
principal  manufacturers 
have  standardized  on 
the  carbon  type  of  di- 
rect-current switchboard 
circuit  breaker,  in  <>pI<t 
t'>  more  fully  meet  the 
requirements  of  certain- 
ty of  operation.  The 
form  of  carbon  arcing 
own   in    Fig. 

,m,      3    -TYPE      OP      CARBON  '   u       [,     has     also     heell     a! 

BREAKER     I  <  >K     INDUSTRIAL    USE    IN     CA]  .  .     r  ,  .  .. 

UP  TO  75  AMPERES,  AT  250  VOl  doned     f°r    the     t"nllS    "" 

The  "in-  at  the  left  is  plain  overload  front  lustrated    in    Figs.    4-12. 

nnected.     The   one   at   the    right    has    both  T                     .        '  .          . 

overload  and   reverse  current   trip  and  is  re:ir  *t     ,s     possible     I ' ,r"     the 

connected.  form    shown    in    Fig.    I 

to   roughen   and   lock   the   circuit   breaker   in   its   closed   position. 

In  the  highest  class  of  circuit  breakers,  all  of  the  contacts  are  of 
the  "butt"  and  "wiping"  form  under  considerable  pressure  to  af- 
ford large  capacity  per  square  inch  of  contact  and  good  self-clean- 
ing action  in  operation.  The  mechanism  is  also  designed  -<>  that 
all  of  the  mechanical  forces  applied  to  the  several  contacts  shall 
assist  in  opening  the  circuit  breaker. 

Carbon  circuit  breakers  are  now  made  in  sizes  from  3  t<»  24000 
amperes  capacity  and  for  service  up  to   1  500  volts  direct  current. 
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rhe  problems  of  design  vary  considerably  with  the  circuit  breaking 
ability  and  required  conducting  capacity.  Where  the  capacity  of 
the  system  is  small  and  the  conducting  requirements  of  a  particular 
circuit  to  be  controlled  are  also  small,  a  circuit  breaker  of  the 
character  shown  in  Fig.  2  will  successfully  meet  the  requirements. 
This  particular  form  was  developed  to  meet  the  demands  of  service 
ordinarily  handled  by  enclosed  fuses,  where  the  overloads  are 
liable  to  be  so  frequent  as  to  make  the  cost  of  replacement  of  fuses 
excessive.  This  type  is  manufactured  in  capacities  up  to  75 
amperes  and  250  volts.  It  consists  of  a  switch  arm  hinged  at  the 
bottom  and  composed  of  an  insulating  tube  enclosing  the  overload 


FIG.  4  —  SINGLE- 
POLE  CIRCUIT 
I'.kF.AKER 

With  plain 
overload,  plain 
o  v  e  r  v  o  ltage,  or 
plain  shunt  trip. 
Rear  connected. 


FIG.     5  —  TWO-POLE     CIRCUIT 
BREAKER 

Double-pole  single  overload  coil,   with- 
out   barriers,    in    capacities    up    to   400   am- 
]m  res,  300  volt.     Rear  connected. 


coil  and  having  cylindrical  metal  portions  at  each  end  of  the  tube 
engaging  with  spring  contacts.  In  the  upper  end  of  the  tube  is 
inserted  a  cylindrical  carbon  which  wipes  under  a  stationary  carbon 
-upported  on  a  horizontal  plane  immediately  above  in  such  a  man- 
ner that  the  contact  on  the  carbons  is  not  broken  until  after  the 
main  contacts  have  disengaged.  This  is  a  relatively  simple  device 
and  very  successfully  meets  the  service  for  which  it  was  designed. 
This  type  of  breaker  is  shown  in  Fig.  3  with  a  reverse  current  trip 
mechanism  in  addition  to  the  overload  trip  which  is  self-contained 
in  the  breaker  mechanism.  It  is  also  built  for  operation  on  shunt 
trip  and  overvoltage  as  well  as  overload,  to  meet  the  various  con- 
ditions required  in  practice. 
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In  tin--  type  of  circuit  breaker  there  is  bul  step  between 

the  opening  of  the  mam  contacts  and  opening  of  the  cir<  uit,  namely, 
the  insertion  <>f  the  carbon  arcing  contacts,  and  thi  it  i-  nol 

adaptable  where  a  very  heavy  current  is  to  be  broken  on  short- 
circuit.  Because  of  the  relatively  high  resistance  of  the  circuit 
formed  through  these  carbons,  and  the  light  conducting  details 
used,  an  arc  would  probably  form  on  the  main  contacts  with  injury 
to  these  parts  and  possible  destruction  <>f  the  circuit  breaker.  In 
order  to  meet  the  requirements  of  circuits  and  systems  having 
somewhat  greater  capacity,  a  circuit  breaker  of  the  general  design 


PIC.   6— FOUR-POLE    S  5ING    HANDLE  CIKCU1T   BREAKER 

With    ■  id,   one   underload,   one   undervoltage,    on< 

jhunt  trip  mechanism.     Capacity,  with  barri 
up  to  400  amp  >  volts.     Front  connected. 

shown  in  Figs.  .1.  5.  6  and  7  has  been  designed.  In  thi-  form  tin- 
main  switch  arm  carrier  laminated  brush-type  contacts  and 
has  a  >pring  contact  member  bearing  on  the  main  contacts  in  addi- 
tion to  the  brush.  This  is  known  as  the  secondary  contact  and  it  is 
arranged  to  remain  in  engagement  after  the  laminated  contact  has 
broken  the  circuit,  but  it  in  turn  interrupts  its  circuit  before  the 
carbon  contacts  have  separated.  This  provides  two  steps  of  rela- 
tively increasing  resistance  in  the  progressive  movement  of  opening 
the  circuit,  so  that  the  liability  of  an  arc  forming  on  the  main  con- 
tacts is  decreased  further  than  where  the  carbon  auxiliary  contai 


948 


THE  ELECTRIC  JOURNAL 


only  are  used.     Circiut  breakers  of  tin's  class  are  made  in  capacities 
up  to  800  amperes. 

Referring  to  Fig.  4.  one  of  the  specific  characteristics  is  the 
particularly  rugged  construction  secured  by  the  use  of  punchings 
of  wrought  material  throughout.  This  type  of  circuit  breaker  is 
designed  primarily  for  small  switchboards  and  industrial  service 
up  to  750  volts  direct  or  alternating  current.  This  figure  shows  a 
single-pole,  plain  overload  trip,  automatic  breaker.  A  standard 
two-pole  single  arm  (closing  handle)  circuit  breaker  with  one  over- 
load coil  is  shown  in  Fig.  5. 

One  of  the  requirements  of  a  line  of  automatic  circuit  breakers 
is  that  they  shall  be  arranged  so  that  they  can  be  actuated  by  over- 
voltage,  under-voltage,  under- 
load, reverse  current  and 
shunt  trip,  in  addition  to  plain 
overload,  or  any  combination 
of  these  where  required.  In 
Fig.  6  is  shown  a  four-pole 
circuit  breaker  actuated  by 
overload  coils  in  two  of  the 
lines,  and  in  addition  by  un- 
derload, over-voltage,  under- 
voltage,  and  shunt  trip.  It 
also  shows  the  use  of  barriers 
which  are  recommended 
where  the  voltage  is  above 
300  volts.  ( )n  the  second 
pole,  reading  from  left  to 
right,  shunt  trip  cutout  con- 
tacts are  shown  which  open 
the  circuit  of  the  shunt  trip 
after  it  has  performed  its 
function  of  tripping  the  cir- 
cuit breaker.  These  contacts  can  also  be  used  to  close  and  open 
circuits  for  indicating  lamps,  to  show  the  operator  at  a  distance 
whether  the  circuit  breaker  is  open  or  closed. 

A  two-pole  "double  arm."  "common  trip"  breaker  of  this  type 
with  an  overload  coil  in  each  line  of  the  circuit  and  an  under- 
voltage  trij),  is  shown  in  Fig.  7.  This  type  is  particularly  adapted 
to  motor  starting  purposes  on  a  440  or  600  volt  system  having  a 
grounded  neutral,  and  dispenses  with  the  use  of  a  separate  switch. 


FIG. 


COM- 


/ — DO!  T5LF.-P0LF.      DOU  BLE-ABM 
MON    TRIP    CIRCUIT    BREAKER 

Willi  two  overload  and  one  under- 
voltage  trips.  Capacity,  with  harriers, 
up  to  400  amperes,  750  volts. 
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One  pole  can  be  closed  at  a  time,  and  if  a  short-circuit  exists,  the 
first  pole  closed  will  trip  when  the  operator  closes  the  second  po 
The  under-voltage  trip  is  for  the  purpose  of  disconnecting  the  motor 
from  the  line  on  cessation  of  \ < >1  t.i^c-  in  the  motor  supply  circuit. 
The  usefulness  of  the  overload  coils  in  each  line,  in  this  instance, 
with  a  grounded  neutral  system  is  evident  as  a  short-circuit  could 
be  produced  from  either  line  to  ground.  Either  ovi-rl-.nl  or  under- 
votage  will  trip  both  poles  of  the  breaker  through  the  common 
trip  bar. 

This  type  of  circuit  breaker  may  be  supplied  with  a  time  el< 
ment  dash-pot  on  the  overload  mechanism  to  permit  tin-  passage  ol 

overload    currents    for    a    short 

period    of    time    while    starting 
motors. 

It  is  c\  ident  from  the  alu  >ve 
discussion  that  one  of  the  main 
problems  in  circuit  breaker 
design  is  to  provide  a  circuit 
or  number  of  circuits  with  in- 
creasing resistance  in  shunt  to 
the  main  contacts  to  relieve 
them  of  the  possibility  of  arcing. 
The  final  shunt  circuit  must  also 
he  capable  of  taking  care  of  the 
arcing  without  excessive  injury 
to  itself.  (  >n  ni'  ><lern  hea\  y  rail- 
wax  -;.  -urns  where  from  3000(1 
to  60OOO  amperes  are  obtained 
under  short-circuit  conditions,  it 
is  readily  seen  that  one-thou- 
sandth  of  an  ohm  difference  in 
the  resistance  of  one  of  these  shunt  paths  would  cause  a  differ- 
ence in  potential  of  from  30  to  60  volts,  which  is  sufficient 
to  establish  an  arc.  This  requirement  calls  for  several  steps 
between  the  main  contacts  and  the  opening  of  the  carbon  arcing 
tips  in  circuit  breakers  of  very  high  circuit  breaking  ability. 
This  in  turn  requires  a  construction  which  will  have  dimensions 
and  characteristics  for  controlling  the  value  of  resistance  in  the 
several  shunt  circuits.  In  the  circuit  breakers  illustrated  it  will  be 
noted  that  more  or  less  of  these  features  are  included  in  accord- 
ance with  the  character  of  the  service  to  be  performed. 

In  Figs.  8,  9,   to,  ir.  u  and  13  arc  illustrated  several  sizes  and 


in;.     8  —  SIM. 1. 1  -POLE,      200  2 
AMPERE,    750   "K    1  500   VOLT    CIRCUIT 
BREAKER 

Actuated  by  overload  and  shunt  trip. 
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forms  of  a  line  of  circuit  breakers  having  conducting  capacities  from 
200  to  24  000  amperes,  designed  to  meet  the  conditions  of  the  heavi- 
est service  now  known.  By  referring  to  Fig.  8,  which  illustrates  the 
general  form  taken  by  this  type  in  capacities  from  200  to  2  000 
amperes,  the  several  steps  in  the  progression  of  opening  the  circuit 
may  be  noted.  In  addition  to  the  main  brush  contacts,  a  very  sub- 
stantial secondary  contact  is  placed  immediately  above  the  brush 
and  the  details  of  this  secondary  contact  are  connected  by  sub- 
stantial flexible  shunts  to  the  lower  end  of  the  tertiary  contacts, 
which  are  substantial  copper  contacts,  mounted  on  the  same  sup- 


F1GS.    9    AND    10 SINGLE    POLE,    ELECTRICALLY    OPERATED,    12  OOO    AM- 
PERE.   CIRCUIT    BREAKER 

With  overload   and   undervoltage  trip  coils  and  laminated  studs. 


ports  as  the  carbon  arcing  contacts.  These  contacts  are  so 
mounted  as  to  be  self -aligning  in  order  to  adapt  themselves  auto- 
matically to  good  contact  relation  with  a  similar  set  of  contacts  on 
the  carbon  arm  of  the  moving  element,  and  afford,  at  the  same 
time,  a  wiping  action  to  insure  a  good,  self -cleaning  contact.  The 
carbon  itself  is  heavily  copper  coated  and  machined  at  all  points 
where  it  comes  in  contact  with  the  tertiary  contact  and  the  con- 
ducting supports.  All  of  these  features  are  for  the  purpose  of 
affording  several  steps  in  the  opening  of  the  circuit,  each  one  of 
which  will  give  a  correct  relation  of  the  resistances  of  the  several 
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successive  shunt  circuits  up  to  the  poinl  of  inserting  the  resistance 
of   the  carbon   arcing  contacts,   which   is   relatively   high.     Th< 
features  in  themselves  are  quite  distinctive  from  similar  features 
in  smaller  circuits  breakers  that  arc  not   designed   to  meet   such 
extreme  conditions. 

In  addition  to  the  constructional  details  above  noted,  the 
mechanism  to  accomplish  the  relative  movemenl  of  these  several 
contacts  is  more  complex  than  in  the  smaller  ones.  By  referring 
to  Fig.  8  it  may  be  seen  that  the  carbon  arm  is  actuated  from  the 
main  brush  arm  by  means  of  a  spring  connection.     This  Construc- 


F  I  G  .  II  —  EI.ECTR1C.M.I.V 
OPERATED  I2  0CO  AM- 
PERE    CIRCUIT      BREAKER 

Showing     unit     venti- 
lated   structure. 


FIG.  12  —  ELECTRICALLY 
OPERATED  7  OOO  A  M  - 
PERE     CIRCUIT     BREAK!  B 

Showing  general  type 
for  3000  to  9000  am- 
peres  capacity. 


tion  permits  of  a  considerable  movement  of  both  the  brush  or  main 
contacts  and  the  secondary  contacts,  before  any  movement  is 
caused  at  the  tertiary  contacts  and  carbon  final  contacts.  The  sec- 
ondary contact  is  itself  flexibly  supported  so  that  the  main  contact 
is  broken  before  the  secondary  contacts  have  separated.  A  me- 
chanical motion,  before  mentioned  in  connection  with  the  carbon 
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and  tertiary   supports,   provides  the  moans  by   which  the   tertiary 
contact  is  broken  in  advance  of  the  carbon  final  contacts. 

The  contact  studs,  which  project  through  the  panel,  are  in  two 

forms,  known  as  round  or  "•-olid*'  studs,  and  "laminated"  studs. 
The  round  stud  consists  simply  of  a  round  bar  of  copper,  integral 
with  the  contact  head  and  threaded  to  receive  the  clamping  nuts, 
passing  through  the  switchhoard  panel.  The  laminated  construc- 
tion is  particularly  adaptable  to  alternating-current  work  and  large 
capacity  direct  currents,  and  is  illustrated  in  figs.  9  and  10. 

Figs.  o.  10  and  11  illustrate  an  electrically  operated  12000 
ampere  circuit  breaker  of  this  general  type,  and  particularly  show 

the  method  of  utilizing  conducting 
material  most  efficiently.  This  circuit 
breaker  is  composed  of  four  3000 
ampere  units  mounted  side  by  side 
with  considerable  space  provided  be- 
tween units  for  efficient  ventilation 
and  for  reducing  the  skin  effect  when 
used  on  alternating-current  work. 

In  Figs.  9  and  10  are  illustrated 
particularly  the  laminated  stud  con- 
struction and  the  no  voltage  mechan- 
ism with  which  these  breakers  were 
equipped,  in  addition  to  overload. 
The  similarity  in  design  of  the  details 
of  construction  in  this  size  to  that 
shown  in  Fig.  8,  of  the  lower  capac- 
ities of  the  same  type,  will  be  noted. 
The  particular  ventilated  form  shown 
in  Figs.  9,  10  and  1 1  is  made  in  capac- 
ities from  10  000  to  24000  amperes. 
In  Fig.  12.  which  is  a  7000  ampere  electrically  operated,  and  Fig. 
13,  a  4  500  ampere  hand-operated;  circuit  breaker,  is  illustrated  the 
general  form  which  this  type  of  circuit  breaker  takes  in  capacities 
from  3  000  to  9  000  amperes,  hand  or  electrically  operated. 

The  rear  view  of  a  two-pole  7  000  ampere  laminated  stud,  elec- 
trically operated,  full  automatic  circuit  breaker  mounted  on  switch- 
board panel,  is  given  in  Fig.  14,  which  shows  the  relay  switches  for 
obtaining  the  full  automatic  features.  The  two  small  relay 
switches  mounted  just  below  the  bus-bar  and  to  the  right  of  the 


FIG.     13 — 4  500     AMPERE,     HAND- 
OPERATED    CIRCUIT    BREAKER 

Showing    general     type     for 
3  000     to     9  000     amperes     ca- 
pacity. 
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studs  arc  mechanically  actuated  by  the  overload  armatures  of  the 
circuit  breakers,  and  in  turn  control  the  circuit  of  the  magnetically 
operated  switch  shown  in  the  renter  of  the  panel,  which  opens  the 
circuit  of  the  closing  solenoid  if  an  overload  i  when  the  opera 

tor  is  closing  the  main  circuit  breaker.  This  feature  makes  it  un- 
necessary t<>  have  separate  switches  in  addition  to  the  circuit  break- 
ers as,  it"  thrown  in  on  a  shorl  circuit  by  the  operator,  they  will 
immediately  trip  and  remain  tripped  until  the  operator  returns  his 
control  handle  to  the  <<\'(  position  and  again  closes  the  circuit.  A 
diagram  of  the  control  connection  involving  this  feature  is  shown 
in  Fig.  [5.     This  diagram  shows  thai  a  circuit  breaker  of  this  type 
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PICS.    1-4    AND    IS — REAR    VIEW    AND    SCHEME    01     CONNECTIONS    01    TWO-POLE,    ~  OOO 
AMPER1     REMO  ROL     MAGNET-OPERATED    CIRCUIT    BREAKER 

Transfer  switch  operated  by  mechanism    of    the    circuit    breaker.     Aux. 

magnet,  mechanically  closed  l>y  the  overload  mechanism,  and  held  closed 

by  the  magnet.     The  control  switch  has  the  positions,  open,  off  and  closed. 

The  off  is  the  normal  neutral  position  to  which  the  handle  returns  when  re- 

sed.    The  switch  can  be  locked  in  tthe  open  position  by  raising  the  handle, 

which  a  all  current  from  the  contact  circuit. 

can  be  controlled,  as  to  closing  and  tripping  operation,  by  one  wire. 

in  addition  to  the  local  source  of  power  supply,  and  that  indicating 
lamps  showing  the  position  of  the  circuit  breaker  correctly,  can 
also  be  operated  over  this  same  wire. 

The  electrically  operated  type,  shown  in  Fig.  i-'.  is  closed  by 
means  of  a  solenoid  mounted  below  the  main  mechanism.  This 
solenoid  is  equipped  with  a  dash-pot  device  to  take  care  of  the 
shock  at  the  end  of  the  closing  operation  and  yet  permit  the  circuit- 
breaker  to  be  closed  more  quickly  than  is  ordinarily  possible  with 
any  other  form  of  mechanism.     When  the  closing  switch  is  thrown. 
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current  flows  through  the  solenoid  and  the  plunger  is  drawn  down. 
This  closes  the  contacts,  which  arc  held  closed  automatically  by 
a  latch.  \\  hen  the  closing  circuit  is  opened,  the  solenoid  plunger 
i<  drawn  up  by  a  spring  so  that  it  will  not  retard  the  opening  of 
the  circuit  breaker  when  tripped.  The  circuit  breaker  is  opened 
by  the  overload  trip  or  by  a  shunt  trip  attachment  mounted  at  the 
side    of    the    mechanism.      A    small    plunger    switch    automatically 

i 'liens  the  shunt  trip  circuit  when  the  circuit 
breaker  trips,  and  opens  or  closes  the  circuit  of 
the  signal  lamps,  if  these  are  used. 

A  motor  operated  form  of  combined  switch 
and  circuit  breaker  is  shown  in  Fig.  16.  This  is 
a  more  expensive  and  complex  form  of  remote 
operated  switching  mechanism  than  the  solenoid 
form  shown  in  Figs,  n  and  12,  and  is  slower 
in  operation,  but  requires  much  less  current  to 
operate.  It  is  particularly  adaptable  to  condi- 
tions wherein  the  control  current  is  to  be  trans- 
mitted for  long  distances  and  where  no  local 
source  of  current  supply  for  the  solenoid  form 
of  breaker  is  available.  The  circuit  breaking  por- 
tion of  this  apparatus  is  the  element  connected 
to  the  operating  rod  on  the  left,  the  one  on  the 
right  being  the  non-automatic  or  switch  portion. 
It  will  be  noted  that  although  the  switch  ele- 
ment is  not  intended  to  be  opened  under  load 
conditions,  it  is  nevertheless  provided  with  a  sec- 
ondary contact  having  a  magnetic  blow-out  in 
the  form  of  an  iron  yoke  embracing  the  arc  gap, 
and  provided  with  an  arc  chute  to  take  care  of 
any  arc  that  might  take  place.  A  full  automatic 
feature  is  obtained  in  this  motor  operated  form 
by  reason  of  the  fact  that  the  switching  element  is  not  closed  by 
the  motor  element  until  after  the  circuit  breaker  element  has  been 
closed  and  has  become  disengaged  from  the  closing  mechanism  of 
the  motor  element.  Under  these  conditions  the  circuit  breaker  por- 
tion can  immediately  trip  when  the  switch  element  closes. 

Figs.   17  and   18  illustrate  the  front  and  rear  of  switchboard 


FIG.  l6  —  RE- 
MOTE CON- 
TROL. MOTOR 
OPERATED 
4  500  AMPERE 
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SWITCH  AND 
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BREAKER 
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panels  upon  which  i  500  volt  circuit  breakers  are  mounted  in  con 
nection    with   remote   mechanical   control   means    for   closing   and 
tripping  them.     Necessity   for  the  special  construction  here  indi- 
cated  is  evidenl  by  reason  of  the  high  voltage  which  these  circuit 


FIGS.    17   AND    [8 — FRONT  AND  KI'.Ak  VIEWS  OF    I  5OO  VOLT   SWITCH  HOARD 

With  remote  hand-operated  circuit  breakers. 


breakers  control.  This  makes  it  essential  to  place  them  high  out 
of  the  reach  of  the  operator  and  work  them  through  rods  having 
insulated  sections  between  the  operating  handle  and  the  circuit 
breaker. 


SOUTHERN  PACIFIC  HIGH  VOLTAGE  DIRECT- 
CURRENT  LOCOAaOTIVES 

SOME    DESCRIPTIVE    DETAILS   OF   THE    NEW    600-1200    VOLT    BALDWIN- 
WESTINGHOUSE  LOCOMOTIVES  FOR  THE  HARRIMAN  LINES 

G.  H.  F.  HOLY 

FEFTEEN  sixty-ton,  600-1200  volt,  direct-current  electric  loco- 
motives are  now  under  construction  for  the  Southern  Pacific 
properties.  All  of  these,  with  the  exception  of  one 
switcher,  are  for  road  freight  service,  but  can  be  used  for  passenger 
service  if  required.  In  freight  service  a  locomotive  will  haul 
an  average  trailing  load  of  600  tons  and  a  maximum 
trailing  load  of  1200  tons.  A  continuous  run  of  100  miles  is  to 
be  made  in  ten  hours  with  ten  stops  of  ten  minutes  each.     This 


FIG.    I — ONE  OF  THE   15   SIXTY-TON,  OOO-I  200  VOLT,   SOUTHERN  PACIFIC 
DIRECT-CURRENT    LOCOMOTIVES 

run  consists  of  a  ruling  grade  of  four  percent  for  one  mile,  a  two 
percent  grade  for  one-half  of  the  way  and  the  balance  at  0.5  per- 
cent, with  grades  in  favor  of  and  against  the  load.  On  the  maxi- 
mum grade  the  locomotives  will  be  required  to  haul  300  tons.  The 
maximum  speed  with  average  train  on  the  level  will  be  25  m.p.h. 
Power  will  be  supplied  from  an  overhead  trolley,  a  form  of 
catenary  construction  being  used  with  the  contact  wire  at  a  mini- 
mum height  of  14  feet  and  a  maximum  of  22  feet.  On  the  600- 
volt    sections,   the    voltage    will    range    from    300   to   600   with    an 
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average  of  500,  and  on 
the  [2i  o-volt  line  1  he 
range  will  be  from  '/<*) 
to  1250  volts  with  an 
av  erage  of  1 u » »  \  olts. 

t  l  INTROL 

The      type      of      unit 
-u  itch  used  1  m  these  lo- 

moti\  es  is  that  known 
as  the  III.  type,  in  \\  hich 
acceleration  is  c<  tntrolled 
by  hand,  and  energy  for 
operating  t  h  e  magnel 
valves  is  taken  indirect- 
ly from  the  line.  Most 
of  the  control  equipment 
is  mi  tunted  in  the  center 
of  the  main  cab  with  an 
aisle  on  each  side  and  is 
surrounded  by  a  ground- 
ed protecting  screen  of 
expanded  metal.  T  h  e 
main  resistance  grids  are 
mounted  next  to  the 
roof  under  the  ven- 
tilators and  directly 
above  the  switch  groups, 
line  -witches  and  rever 
ers,  thus  giving  short 
runs  for  the  wiring  be- 
tween the  grids  and  ap- 
paratus, and  direct  dis- 
posal of  heat  from  the 
grid-.  With  this  ar- 
rangement there  is  am- 
ple room  and  light  for 
inspection,  etc.  The  lo- 
cation of  apparatus  is 
indicated  in  Fig.  2. 

Electro-pneumatically 

operated  unit  switch 
group-,  shown  in  place 
in   Fig.  2,  are  used  for 
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making  and  breaking  the  main  motor  circuits.  Each  unit 
switch  is  provided  with  the  usual  effective  magnetic  blow- 
out peculiar  to  this  type  of  switch  for  extinguishing  the  arc. 
There  are  18  unit  switches  arranged  in  two  groups  of  nine 
each.  They  serve  to  open  and  close  the  various  connections 
between  the  trolley,  motors,  and  resistance  in  proper  sequence. 
Positive  operation  is  a  fundamental  feature ;  the  contacts  are  closed 
under  a  pressure  of  150  pounds  and  opened  under  a  counter- 
pressure  of  125  pounds.  These  groups  are  controlled  by  a  master 
controller  at  each  end  of  the  cab,  operating  on  independent  control 
circuits,  power  for  which  is  furnished  by  a  circuit  tapped  off  of  a 
600-volt  dynamotor  circuit  described  below,  by  means  of  a  suitable 
resistance.  One  of  the  master  controller  circuits,  that  to  the  control 
resistance,  carries  600  volts ;  the  remaining  control  circuits  carry 
200  volts  or  less.     All  wiring  is  carried  in  loricated  iron  conduit. 

On  600  volts,  three  running  speeds  are  obtained  without  con- 
trol resistance  in  circuit,  the  lowest  being  with  the  four  motors 
in  series,  the  second  with  the  motors  in  series-parallel,  and  the 
highest  with  all  in  parallel.  On  the  master  controller,  there  are 
nine  accelerating  notches  and  one  running  notch  for  series  opera- 
tion ;  while  for  series-parallel  and  parallel  operation  there  are  eight 
accelerating  notches  and  one  running  notch.  The  sequence  of 
operations  is  as  follows : — The  controller  is  notched  up  through 
first  the  series  accelerating  and  running  positions,  and  then 
through  the  series-parallel  accelerating  and  running  positions,  with 
the  two  motors  of  each  pair  connected  in  series.  To  obtain  suit- 
able connections  for  multiple  operation,  the  master  controller  has 
to  be  returned  to  the  off  position  so  that  a  series-parallel  switch, 
described  below,  may  be  operated  to  connect  the  two  motors  of 
each  pair  in  parallel,  the  locomotive  being  allowed  to  coast,  mo- 
mentarily, while  this  is  done.  The  master  controller  is  then  swung 
through  its  ten  "series"  positions,  which  in  reality  gives  series- 
multiple  operation  of  the  motors,  and  finally  is  carried  through  its 
"series-multiple"  position,  giving  multiple  operation  of  motors. 

For  1200-volt  operation,  the  series-parallel  switch  is  prevented 
from  being  thrown  to  the  parallel  position  by  means  of  an  inter- 
lock in  its  control  circuit,  so  that  the  master  controller  is  operative 
only  for  series  and  series-parallel  connections  of  the  motors.  A 
line  switch,  shown  in  position  in  Fig.  2,  is  located  in  the  main 
trolley  circuit.  It  comprises  four  unit  switches  which  act  as  a 
circuit  breaker  in  connection  with  overload  trips  mounted  on  each 
side.     These  switches  operate  similarly  to  the  motor  control  switch 
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groups.    The  overload  trips  are  adjustable  to  open  the  main  circuit 
at  a  predetermined  overload.     In  addition  to  the  line  switches  in 

the  main  circuit,  a  main   fuse  and  knife  switch  arc  supplied. 

The  reversers  arc  controlled  by  a  separate  lever  on  the  master 
controller.  They  arc  pneumatically  operated,  thus  allowing  heavy 
pressure  on  the  contact  ringers  and  ample  overload  capacity. 

A  pneumatically  operated  series-parallel  switch  is  provided 
to  give  series-parallel  control  on  [200  volts,  and  incidentally  gives 
the  multiple  running  position  <>n  'kx>  volts.  It  is  operated  by  one 
of  the  control  switches  located  at  each  end  of  the  cab,  within  easy 
reach  of  the  motorman.  The  control  circuits  are  interlocked  30 
that  it  is  impossible  to  operate  the  series-parallel  switch  except 
when  the  main  circuit  is  open.  By  means  of  a  motor  cut-out  switch, 
either  pair  of  motor-  may  he  disconnected  from  the  circuit,  in  case 
of  emergenc} . 

In  changing  over  front  600  to  1200  volts,  a  hand  operated  drum 
type  switch  is  provided,  as  indicated  in  Fig.  2,  to  readjust 
the  connections  of  the  main  grid  resistances  from  parallel  groups 
to  series,  and  to  connect  the  two  dynamotors  for  either  600  or  1200 
volt  operation.  The  locomotives  are  also  provided  with  train  line 
receptacles  and  jumpers  for  multiple-unit  operation  of  locomoti \ 

Other  details  of  the  control  equipment  include  a  two-position 
control  switch  which  in  one  position  serves  to  open  the  600-volt 
control  circuit  from  the  master  controller,  thus  making  it  and  the 
switch  groups  inoperative,  and  when  turned  to  the  other  position 
serves  to  reset  the  line  switches;  it  is  thus  obviously  impossi- 
ble to  reset  the  line  switch  without  opening  the  control  circuit. 
There  is  a  dynamotor  canopy  switch  for  each  of  the  two  dyna- 
motors. On  closing  this  an  automatic  starting  switch  serw- 
to  short-circuit  a  starting  resistance  in  series  with  the  dynamotor 
circuit  after  a  short  time  interval.  Above  each  master  con- 
troller there  is  an  ammeter  in  addition  to  the  air  brake  pressure 
gauges.  An  automatic  overspeed  relay  is  incorporated  in  the  con- 
trol equipment,  whose  function  is  to  cut  off  the  power  in  case  a 
predetermined  safe  maximum  speed  is  exceeded. 

Current  is  collected  by  means  of  a  pneumatically  operated 
roller  pantagraph  trolley.  A  section  break  relay  is  also  provided 
so  that  before  the  trolley  passes  a  section  break  the  line  switches 
will  be  opened  automatically  in  case  the  motorman  fails  to  shut  off 
the  power,  after  which  the  master  controller  handle  has  to  be 
returned  to  the  first  notch  before  the  switches  can  be  reset.  This 
arrangement    prevents    destructive    arcing    at    the    section    breaks. 
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The  operation  of  the  relay  is  controlled  by  an  auxiliary  circuit 
connected  to  two  horizontal  arms  mounted  on  each  side  of  the 
pantagraph  trolley,  parallel  to  the  roller  but  several  inches  below 
it,  and  insulated  from  it.  On  the  two  bracket  arms  or  span  wires 
nearest  to  the  section  break,  several  "feelers,"  or  contact  brushes, 
are  hung  in  a  pendant  position.  These  serve  to  make  contact  with 
the  relay  circuit  through  one  of  the  auxiliary  metal  bars,  and  cause 
the  relay  to  operate.  A  dash-pot  prevents  the  relay  from  returning 
to  its  closed  position  for  one  or  two  seconds. 

An  electric  warning  signal  is  provided  so  that,  with  two  loco- 


FIG.    3 — EXD   OF    LOCOMOTIVE    WITH    HOOD   REMOVED,    SHOW- 
ING    DVXA  MOTOR-COMPRESSOR-BLOWER     OUTFIT 

The  control  and  lighting  circuits,  the  compressor 
for  air  brakes  and  control,  and  the  blower  for  ventilation 
of  the  motors  are  all  driven  by  this  single  unit.  A  dupli- 
cate equipment  is  located  at  the  other  end  of  the 
locomotive. 

motives  double-heading,  if  the  main  circuit  on  the  rear  locomotive 
opens,  a  bell  will  be  rung  and  advise  the  engineer  of  this  fact. 

DVXA  MOTOR-COMPRESSOR-BLOWERS 

There  are  two  dynamotor-compressor-blower  sets,  all  com- 
bined into  a  single  unit,  which,  with  its  necessary  resistance,  is 
mounted  in  one  of  the  hoods  as  shown  in  Figs.  2  and  3.  The  dyna- 
motors  supply  600-volt  power  for  the  control  circuit  and  for  the 
lights  in  the  main  cab,  hoods  and  headlights  when  operating  on 
1200  volts.  Each  dynamotor  runs  continuously  on  trolley  voltage, 
either  600  or  1200  volts.    There  are  two  windings  on  the  armature, 
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which  are  connected  in  series  for  operation  on  high  voltage;  a  tap 
from  the  connection  between  the  two  supplies  600-volt  power  for 
the  control  and  lights.  When  operating  on  600  volts,  these  circuits 
and  the  600-volt  armature  winding  of  the  dynamotor,  which  is  m 
to  the  ground,  are  connected  directly  to  the  line  by  means  of  the 
change-over  switch.  The  compressor  is  automatically  cut  in  and 
out  at  the  required  air  pressures  by  means  of  a  multiple-disc- 
clutch, held  in  service  by  a  steel  spring  and  released  by  air  from 
tin-  main  reservoir.  The  fan  for  the  blower,  mounted  <>n  the  dyna- 
motor shaft  extension,  supplies  air  for  ventilating  the  motors. 

MOTORS 

Each  locomotive  is  equipped   with   4   four-pole,   commutating 
pole,  box  type  motors  arranged  for  forced  ventilation.    <  )ne  of  th< 


FIG.  4 — ONE  OK   THE  DOO-1  -!<x>  VOLT    MOTORS    FOB    501  THERN    PA<  IFIC   LOCOMOTIVES 

is  shown  in  Fig.  4.  The  nominal  rating  of  this  motor  at  600  volts 
with  forced  ventilation  is  250  horse-power.  Each  locomotive  with 
natural  ventilation  of  the  motors  can  exert  a  continuous  tractive- 
effort  of  5600  pounds  and  with  forced  ventilation  11  520  pounds. 
The  nominal  one-hour  rating  of  each  locomotive,  with  natural 
ventilation,  is  18800  pounds  tractive  effort  at  18  miles  per  hour  on 
600  volts  and.  with  forced  ventilation,  22000  pounds  tractive  effort 
at  17  miles  per  hour.  The  maximum  tractive  effort  of  each  loco- 
motive with  clean  dry  rails  is  30000  pounds. 

The  motor  frame  is  of  cast  steel :  the  main  poles  are  laminated, 
and  the  commutating  poles  are  cast  steel.  The  main  field  coils 
and  commutating  pole  coils  are  strap  wound.  The  armature  core 
is  of  laminated  steel  built  upon  and  keyed  to  a  cast  steel  spider. 
The  armature  coils  are  of  the  formed,  strap  wound  type.  The 
armature   has   a   maximum    safe    speed   of    1  400   r.p.m.    which    is 
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equivalent  to  a  locomotive  speed  of  42  miles  per  hour,  with  36.5 
inch  wheels  and  a  gear  ratio  of  16:57.  The  motors  are  adaptable 
to  A.E.R.A.  standard  axles  and  standard  mounting  with  one  side 
carried  on  axle  bearings  and  the  other  side  carried  by  nose  sus- 
pension on  the  truck  bolster.  Solid  cast  steel  gears  and  heat 
treated  forged  steel  pinions  are  used,  and  are  enclosed  in  a  mal- 
leable iron  gear  case.  An  interesting  detail  feature  is  the  use  of 
dust  guards  between  the  axle  bearings,  as  shown  in  Fig.  5,  a  view 
of  one  of  the  trucks  with  motors  mounted  in  position.  Oil  and 
waste  lubrication  is  provided  for  both  armature  and  axle  bearings 
with  a  separate  inspection  well  for  gauging,  and  oil  supply. 

The  commutator  is  built  upon  the  cast  steel  spider  of  the  arma- 
ture core  and  is  secured  with  bolts  on  the  V-rings.     The  two  brush 


FIG.  5 — GENERAL  VIEW  OF  ONE  OF  THE  TRUCKS,   WITH    MOTORS 

IX    PLACE 

The  frame  is  a  one  piece  forging,  to  which  the  cast 
steel  bolster  is  secured.  This  bolster  carries  the  cab 
frame  by  means  of  the  center  bearing.  The  side  bearings 
serve  to  steady  the  cab. 

holder  arms  are  within  easy  inspection  from  above  through  the 
commutator  opening  in  the  motor  frame,  which  permits  also  of 
quick  brush  replacements.  The  armature  and  axle  bearings  are  of 
bronze,  with  a  soldered  lining  of  babbitt. 

MECHANICAL   PARTS 

These  locomotives  are  of  the  four  wheel,  double  truck  type, 
with  central  cab  and  sloping  hoods  at  the  ends.  The  draw-bar  pull 
is  transmitted  through  the  cab  under-framing  and  truck  center 
pins.  The  cab  under-framing  consists  of  longitudinal  center  and 
side  sills,  four  in  all,  of  13  inch  rolled  steel  channel  section,  which 
are  attached  to  heavy  cast  iron  end  frames  or  bumpers.     On  each 
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bumper  is  mounted  a  pocket  casting  for  receiving  a  M.C.B.  coupler. 
The   center   and    side   sills   are   strongly    braced    with    trail 
flanged  plates,  with  one-half  inch  steel  floor  plates  running  the  full 
length  of  tht.-  locomotive,  and  with  the  cab  frame-  bolsters  which 
consist  of   1.5  inch  plates,   15  inches  wide,  on  which  are  mounted 

the  center  pins. 

The  main   and  end   hoods  of   the  cab   are  of   Steel,   thoroughly 

braced  and  fastened.  Doors  are  Incited  at  the  ends  of  the  main 
cab  diagonally  opposite  and  open  onto  a  wide  platform  <»n  one  side 
of  the  hoods.  All  items  of  equipment  in  the  cab  can  he  taken  out 
through  the  doors  and  windows.  The  hoods  may  also  he  easily  and 
quickly  removed  for  overhauling  the  equipment. 

The  trucks  are  of  the  rigid  bolster,  equalized  pedestal  type 
with  semi-elliptic  driving  springs.  The  pedestals  are  provided  with 
wearing  gibs.  The  bolster  is  of  cast  steel  securely  rastened  with 
reamed  tapered  bolts  to  the  truck  frame,  which  is  a  one-piece  steel 
forging.  The  driver  journal  boxes  are  M.C.B.  standard  of  the 
Symington  type  with  dust-proof  guards.  The  wheels  have  cast 
steel  centers  with  rolled  steel  tires  secured  by  bolts.  The  brakes 
are  inside  hung. 

The  weight  of  the  electrical  apparatus  including  the  brake 
equipment  is  approximately  45  000  pounds,  and  the  weight  of  me- 
chanical parts  including  the  brake  rigging  75000  pounds. 

The  principal  dimensions  are  as  follows : — 

f     track 4  fert,     8  K  inches. 

Diameter   ol    <1  ri  \  i  nc    wheels 86%  Em  ; 

inula    5%  by  10      inches. 

Uieiil    wheel  7  feet,    4      inches. 

Adaptable   when   running   Blowly   without    trailing   load 

for    a    curve    with    ra.lin>    <>f 10 

base 26  feet 

Truck    center   'li stance 17  feet,    8      inches. 

1!    rot  from  too  of  rail  to  center  "i  draw  har 2  feet,    9%  inches 

tnce   between   coupler   knuckles ."!."•' 

i  wi.lth          -              grap  rails,  rotters,  etc.)... 10  I 
jht    from    top   of   rail    to    top   ol   cal 11  '  -  niches. 

AIR    BRAKE    EQUIPMENT 

A  standard  form  of  electric  locomotive  air  brake  equipment, 
known  as  '.he  Xo.  14  EL,  is  supplied,  and  in  addition  a  hand  brake 
is  provided  for  holding  the  locomotive  when  out  of  service.  With 
this  air  brake  equipment  the  locomotive  brakes  may  be  used  with 
or  independently  of  the  automatic  train  brakes. 
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778 — Operation     of     an     Armature 
with  Damaged  Coil — A  220  volt, 
4    pole    direct-current    motor    was 
equipped     with     a    variable    speed 
drum  controller,  and  used  to  drive 
an  emery  wheel  and  a  grind-stone. 
The  linings  of  the  bearings  were  of 
iron.     The  circuit  breaker  opened 
and  smoke  rose  from  the  machine. 
Examination  showed  that  the  insu- 
lation  was  entirely   burned   off  of 
one  armature  coil.    The  entire  ma- 
chine was  very  hot.     The  belt  was 
removed,  and  the  armature  found 
to  turn  freely.    The  circuit-breaker 
was     closed     and     the     controller 
moved   to   the   first   point,  but  the 
armature  did  not  turn.    On  moving 
to    the    second    point,    the    circuit- 
breaker  opened.     The  breaker  was 
again  closed  and  an  attempt  made 
to  turn  the  armature,  but  it  stuck 
as    though    rubbing    on    the    pole- 
faces   or   binding  in   the   bearings. 
The    armature    was    removed    and 
the  laminations   and  those  of   the 
pole  pieces  were  seen  to  be  rubbed 
bright.  As  there  was  less  than  one- 
thirty-second  of  an  inch  looseness 
in  the  bearings  the  armature  was 
placed  in  a  lathe,  and  found  to  be 
centered.       The     field     was     then 
placed  in  a  lathe,  and  the  rubbed 
pole-faces  found  to  be  a  little  long. 
These  were  turned  off.  The  burned 
armature    coil     was     disconnected 
from  the  commutator  and  the  open 
bars  connected  to  adjacent  bars  by 
jumpers.     The  machine   was   then 
reassembled,  and   while  the   arma- 
ture turned   freely  so  long  as  the 
field  was  not  excited,   as   soon  as 
the  breaker  was  closed  it  was  al- 
most impossible  to  turn  it  by  hand. 
The  brushes  were  raised  from  the 
commutator,  but  this  had  no  effect. 
The   armature    did    not    touch    the 
pole-faces  at  any  point.    A  similar 
armature  taken   from  a  spare  ma- 
chine and  exchanged  for  the  burnt 


one  ran  nicely.     The  burnt  arma- 
ture was  placed  in  the  frame  of  the 
spare  machine  and  behaved  as  be- 
fore,   refusing    to    turn    when    the 
field  was  excited  and  opening  the 
circuit-breaker  when  the  controller 
was  moved  to  the  second  point.  No 
movement   whatever  could   be  ob- 
served in  the  armature  or  hearing 
on  opening  and  closing  the  breaker. 
Raising  the  brushes  from  the  arma- 
ture had  no  effect.     The  armature 
offered  as  much  resistance  to  mov- 
ing when  at  a  standstill  as  it  did 
after  commencing  to  move.      The 
armature  shaft  seemed  to  be  firm 
and  tight  in  the  spider.     One  end 
of     the     armature     shaft     showed 
slight    traces    of    magnetism    when 
the  field  was  excited,  but  the  satis- 
factory   operation    of    the    second 
armature  proved  the  field  coils  to 
be  all  right.     Please  explain,  m.h  v. 
In  the  first  place  the  armature  has 
a  burned  out  coil  due  to  a  short-cir- 
cuit.     The    insulation    being    burned 
off  this  coil  it  has  probably  become 
grounded    on    the    core.      It    is    also 
probable  that  one  side  of  the  line  is 
grounded    so   that    for   certain    posi- 
tions of  the  armature  the  grounded 
coil    causes   a   dead    short-circuit   on 
the    line    which    causes    the    circuit- 
breaker   to   open.     In   attempting   to 
start    the    motor    with    the    damaged 
armature  there   is   enough   resistance 
in   the  controller   on   the   first   notch 
to  keep  the  current  below  the  value 
at  which  the  breaker  is  set.  but  on 
the  second  notch  the  current  is  too 
high  for  the  breaker  and  it  is  there- 
fore opened.    The  armature  does  not 
start  because  the  current  flows  to  the 
damaged  coil,  to  ground  and  back  to 
the   other   side   of    the    line,   without 
going    through    the    remaining    coils 
which  normally  would  cause  the  ar- 
mature to  rotate.     In  cutting  out  the 
damaged   coil   it   appears   that   other 
coils    have    been    short-circuited    by 
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consecutive  bars.  Assuming  thai  this 
is  a  two-circuit  progressive  winding; 
in  order  to  put  the  armature  in  tem- 
porary running  condition,  without 
rewinding,  by  cutting  out  the  dam- 
aged coil,  it  will  also  be  necessary  to 
cut  cult  its  mate  on  the  opposite 
i.f  the  armature.  For  instance,  if  the 
armature  lias  a  commutator  with  07 
bars,  the  thr.>w  of  the  leads  on  the 
commutator  will  he  1  and  5".  ami  on 
the  opposite  side  of  the  armature 
there  will  he  a  coil  connected  to  bars 
50  and  2.  It"  coil  1  ami  50  is  the 
burned  out  and  grounded  coil,  it 
should  be  entirely  disconnected  from 
the  commutator.  Since  coil  50  and  2 
completed  the  connections  t<>  bar  2 
this  is  now  a  dead  coil,  and  it'  in 
good  condition  need  not  be  discon- 
nected. The  condition  of  the  arma- 
ture now  is:  an  open-circuit  betv 
bars  I  and  2  and  bar  50  dead.  It  is 
now  necessary  to  connect  bars  1  anil 
2  and  to  make  bar  50  alive  by  con- 
necting either  to  bar  49  or  51.  The 
armature  may  now  be  put  in  service 
but  will  run  slightly  higher  in  speed 
than  before.  The  cause  of  the  arma- 
ture turning  so  hard  with  held  on 
and  with  the  brushes  up  must  be 
some  mechanical  reason,  probably 
end  thrust,  the  armature  being  pulled 
against  the  bearing  shoulder  or  made 
to  rub  on  the  housing  by  the  core  not 
being  exactly  in  the  center  of  the 
field.  F.A.R. 

779 — Speed  Characteristics  of  Re- 
versible Interpole  Motor--In  the 
case  of  an  interpole  motor  on  a  1 
to  1  traction  elevator.  A  says  that 
when  the  car  is  ascending  lighl  and 
the  counterweight  is  dropping  that 
the  armature  will  generate  a  cur- 
rent in  the  opposite  direction  to  the 
applied  e.m.f.  and  reverse  the  in- 
terpole coils  which  in  turn  weak- 
ens the  fields  to  such  an  extent  that 
the  motor  will  run  away.  B  says 
that  it  is  impossible  to  general 
current  without  reversing  the  shunt 
field.  Is  either  party  right?  Why 
does  the  ammeter  read  backward 
when  placed  on  an  elevator  motor 
line  and  the  counterweight  is  de- 
scending? J.E.Y. 
A  is  correct  in  that  the  motor,  if 
driven  above  speed  at  which  its  coun- 
ter e.m.f.  equals  line  e.m.f.,  will  act 
as  generator,  the  current  flowing  in 


armature  and  interpole  coils  in  a  re- 
e  directii >n  from  that  as  a  motor. 
In   a   shunt    motor,   with   proper  aux- 
iliary pole  strength,  ami  exact  setting 

of    brushes    (.n    neutral,    the    auxiliary 

i  should  have  no  appreciable 
feet  on   racing.     The  braking   action 
of   generator   current    pumping    b 

into  the  Inn-  would  tend  to  prevent 
racing.  The  ami tunt  of  o\ erspee  1 
required   befon  live  braking   is 

obtained  would  varj   somewhat  with 
the   design   of   motor.      This    reversal 
of  current   explains  the  action  of  the 
ammeter  which  was  noted.    The  op- 
eration of  the  motor  may  be  explain- 
ed   more    in    detail    as    follows:      In 
general,    any    shunt    motor,    if    driven 
above  the  speed  at  which  the  counter- 
e.m.f.   generated   in    its   armature  ex- 
ceeds   the    e.m.f.    impressed    upon    the 
armature,  becomes  a  generator  feed- 
ing  power   back   into    the   line.     The 
current   in   the  armature   and,   there- 
fore,   the   torque,    reverses    in    direc- 
tion;  the  latter   resisting   the   driving 
torque  and  tending  to  prevent  excess- 
ive  speed.     If  the   motor  is  equipped 
with  interpoles,  the  current  in  the  in- 
terpole windings,  and  hence  the  inter- 
pole magnetization,  is  reversed  in  di- 
rection as  is  necessary  on  account  of 
the  reversal  of  magnetic  polarity  of 
the    armature    and    the    necessity    of 
commutating  a  flux  of  opposite  polar- 
ity from  that  required  when  the  ma- 
chine is  operating  as  a  motor.     The 
weakening  of  the  main  flux  through 
saturation,  due  to  the  presence  of  in- 
terpole flux,  will  not  lie  greater  as  a 
generator    than    as    a    motor    and    it 
should  not  be  excessive  in  any  event. 
In  the  case  of  "over-commutation," 
i.e.,  where  the  interpole  excitation  is 
slightly    Stronger    than    required,    cir- 
culating (short-circuit)  current  in  the 
armature  coils  undergoing  commuta- 
tion   would   tend    to   strengthen    the 
main  field  in  a  generator  and.  there- 
fore,   cause    the    braking    action;    in 
case    of    '"under-compensation,"    the 
short-circuit    current    would    tend    to 
weaken  the  main  field.  If  the  brushes 
are  not  accurately  set  on  neutral,  the 
main  field  will  be  strengthened  if  the 
setting  of  brushes   is  behind  neutral, 
or  weakened  if  in  advance  of  neutral. 
In  a  compound  motor,  before  genera- 
tor action  will  result  the  speed  must 
rise    considerably    higher    than    in    a 
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shunt  motor,  because  of  decreasing 
strength  of  field  magnetism;  when 
operating  as  a  generator  the  current 
in  the  series  field  coils  is  reversed 
and  hence  the  braking  action  in- 
creases much  less  rapidly  with  rise 
in  speed  due  to  the  differential  action 
between  the  shunt  and  series  fields. 
In  such  a  case,  there  might  be  dan- 
ger of  racing,  particularly  if  the  mo- 
tor is  strongly  compounded.        a.c.l. 

780 — Method  of  Reducing  Skin  Ef- 
fect in  Heavy  Current  Trans- 
formers— How  are  the  conduc- 
tors arranged  in  making  the  low- 
tension  coils  for  large  three-phase 
or  single-phase  core  type  trans- 
formers carrying  heavy  currents, 
so  that  trouble  due  to  eddy  cur- 
rents in  the  copper  strips  is  avoid- 
ed, still  maintaining  a  neat  me- 
chanical arrangement.  My  under- 
standing is  that  it  is  necessary  to 
change  the  inner  and  outer  con- 
ductors half  way  down  the  core  in 
order  to  reduce  the  eddy  current 
loss.  Will  you  please  give  details 
of  arrangement?  s.c. 

The  load  losses  in  such  a  trans- 
former will  include  both  eddy  cur- 
rents and  circulating  currents.  The 
eddy  currents  can  be  reduced  by 
using  a  large  number  of  insulated 
wires  in  parallel  so  that  the  cross- 
section  of  each  individual  conductor 
will  be  small.  Circulating  currents 
are  due  to  different  conductors  in 
parallel  being  in  leakage  fields  of 
different  strengths  which  set  up  dif- 
ferent voltages  and  cause  a  current 
to  flow  around  among  the  conduc- 
tors, the  effect  being  similar,  on  a 
small  scale,  to  that  produced  by 
short-circuited  turns.  This  can  be 
overcome  to  a  large  extent  by  cross- 
ing and  interchanging  the  positions 
of  the  wires  that  are  in  parallel  so 
that  the  voltage  set  up  by  the  leak- 
age flux  will  be  practically  the  same 
in  all  wires.  This  crossing  is  often 
difficult  to  make  and  is  not  easy  to 
explain  without  reference  to  an 
actual  transformer.  w.m.m. 

781 — Testing  Three-Phase  Trans- 
formers— In  testing  for  copper 
loss,  and  impedance  voltage  on  a 
three-phase  transformer,  either 
core  or  shell  type,  by  means  of 
single-phase  current,  what  modifi- 
cations would  be  necessary  in  or- 


der to  apply  the  formula  for  regu- 
lation as  used  for  single-phase 
units?  s.c. 

In  testing  a  three-phase  trans- 
former for  copper  loss  and  imped- 
ance the  measurements  can  be  made 
conveniently  by  connecting  both  the 
high-tension  and  the  low-tension 
windings  in  delta  and  opening  up 
one  corner  of  one  delta  and  insert- 
ing a  wattmeter,  voltmeter  and  am- 
meter, and  impressing  sufficient  sin- 
gle-phase voltage  across  this  corner 
at  the  proper  frequency  to  cause  nor- 
mal full  load  current  to  flow  through 
the  windings.  The  wattmeter  read- 
ing gives  the  copper  loss  and  this  di- 
vided by  the  normal  full  load  input 
to  the  transformer  is  the  percentage 
copper  drop.  One-third  of  the  volt- 
age measured  on  the  voltmeter  di- 
vided by  the  normal  voltage  of  the 
winding  of  one  phase  in  the  per- 
centage impedance  drop.  In  a  three- 
phase  winding  designed  for  delta 
connection  the  normal  voltage  of  tue 
winning  of  one  phase  is  the  line  volt- 
age while  if  the  three-phase  winding 
is  designed  for  star-connection,  the 
normal  voltage  of  the  winding  of  one 
phase  is  the  line  voltage  divided  by 
V3.  With  these  values  the  regulation 
of  a  three-phase  transformer  is 
worked  out  in  the  same  manner  as 
for   a   single-phase   transformer. 

W.M.M. 

782 — Reconnection  of  Two-phase 
Induction  Motor  for  Three-phase 
Operation — How  is  it  that  chang- 
ing the  number  of  poles  on  an 
induction  motor  will  allow  it  to 
be  worked  on  a  different  voltage? 
For  example  a  two-phase,  60  cy- 
cle, 220  volt,  10  pole  motor  was 
changed  to  a  three-phase,  60  cy- 
cle, 550  volt,  12  pole  machine  and 
gave  satisfactory  operation. 
Could  it  have  been  operated  on 
550  volts  while  still  connected  as 
a  two-phase  machine  if  the  con- 
nection had  been  changed  to  give 
a  larger  number  of  poles? 

W.H.L. 

Had  the  motor  been  connected 
for  550  volts,  three  phase,  ten  poles, 
the  operation  would  have  been  ap- 
proximately the  same  as  for  the 
original  motor  connected  for  440 
volts,  two-phase,  ten  poles,  ie.,  the 
series  connection  corresponding  to 
220    volts,    two-phase,    ten    poles. 
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When  connected  for  12  poles,  three- 
phase,   and    run    at    550    v<>lt>,    the 
operation     is     approximately     the 
same  as  for  4  c  volts,  two  phase,  \z 
poles.     This   would   be   practically 
the  equi\  alent  of  1  iperating  the  -i  i«> 
\  1  'It,  two  phase,   to  pole  motor  at 
an   increase  of   voltage   i>t'  20   per- 
cent.    Such  operation  may  <>r  may 
not    I"-    sati sfa<  ti »ry    depending   1  >n 
how    liberally    the    motor    is    <K- 
ned.     It'  the  motor  is  connected 
for  i-'  poles,  two-phase  and  opera- 
ted  on   550   volts   it    will   give   ap- 
proximately the  sam<  nuance 
as  the  10  pole  motor  operated  at  an 
increase  of  voltage  of  50  percent, 
which  would  I             >sive.     It  may 
said  in  general  that  satisfact  irj 
operation  cannot  be  obtained  by  re- 
connecting  for  a  different  number 
of  poles,  to  give  change  of  sp< 
Wlu-n   such   change   is  desired   the 
safest   measure   is  to  refer  the  mat- 
ter to  the  manufacturer-  of  the 
paratus   giving  all  available   infor- 
mation regarding  motor  rating  and 
various  identifying  data  as  well  as 
information    regarding    the    opi 
ting    requirements    of    the    applica- 
tion. MV 
783 — Proposed    Single-Phase    Rail- 
way with  Power  Regeneration — I 
am  preparing  a  general  scheme  for 
an  electric  railway  in  which  I  pro- 
j'  sc  to  use  single-phase  power  at 
about    n  000  volts   and    15   cycles. 
The  line  will  be  approximately  104 
miles  long  with  four  hydro-electric 
aerating  stations  at  A — ,37  miles, 
B — 88    miles,    C — 131     miles,     and 
D — 102  mile-.     About  half  way  be- 
tween  B  anfl  C,  at   no  miles,  is 
summit,   and    for    about     10    miles 
on    each   approach   to  this   summit 
the   line    rises    with    a    heavy   gra- 
dient.    I  wish  to  have  the  locomo- 
tives arranged  to  return  current  to 
the  line  when  descending.     What  I 
wish  to  ask,  is,  when  one  or  more 
trains  are  ascending  a  steep  grade 
towards  the  summit,  say   from    P. 
and    there    is     no   train    ascending 
from   C.   can   current    from    C    be 
utilized     in     helping    B     to     carry 
trains  towards  the  summit  on  the 
steep    grade;      i.    c.    can    current 
from  trains  descending  towards  C 
be  utilized  on  P's  section  and  vice 
versa?     The  affirmative  will   make 
a  considerable   reduction  in  power 
required  at  B  and  C.  J.H. 


Single-pha  a  be 

arranged  to  return  power  to  the  line. 
If  the  trolleys  or  generating  Bystems 

are  continuous  between   />'  and  C,  the 

energy  derived  from  trains  descend- 
ing from  the  summit  towards  C  can 
be  used  to  assist  the  trams  ascending 
from  B  towards  the  summit.  1  In 
heavy  grade  work  of  this  natun 
generation  at  a  single  speed  is  suffi- 
cient     Apparently    the   heavy  grade 

•'"II   on   either   side  of   the   summit 

would    require    pusher    servi  In 

this  case  three-phase   push*  1 
be  adaptable,  as  three-phase  locoi 
rives  will   return  energj    to  the  line 
automatically  on  down  grades  with- 
out any  additional  apparatus.       F.E.W. 

784 — Steel  vs.  Brass  Extension  Rod 
in    Plunger    Magnet — Consider   a 
plunger   type  solenoid   with    1  7/16 
inch   cold    rolled    steel    plunger,   and 
2]/2    inch    air    gap.      The    moveable 
plunger    is    arranged    to    give    a 
"thrust'"  by  means  of  an  extension 
rod    through    a   hole   in    the    stop 
This    extension    rod    is    made    of 
brass.    What  effect  will  it  have  on 
the  power  of  the  m 
this  extension  rod  of  steel.       sx.H. 
At  maximum  air  gap   (in  this  case 
inches)  the  power  of  the  magnet 
will  be  decreased  in  proportion  to  the 
amount    of    flux    which    is    carried    by 
the   small   steel   rod.     This   is   readily 
understood    by    imagining    the    steel 
rod    to   be   equal    in    diameter   to   the 
core,  at  which   point   the  pull   would 
be  zero.     At   zero   air  gap  the  effect 
of   the  one-half  inch   steel   rod   would 
be  practically  nil.  n.o .1 

785 — Brass  Shields  on  Rotary  Con- 
verter— Why  does  the  older  type 
of  rotary  converter  have  a  brass 
shield  over  the  armature  wind 
at  the  alternating-current  end?  I 
understand  why  any  material  put 
as  this  is,  should  be  made  of 
brass.  Is  it  put  on  to  prevent  a 
flaring  out  of  the  winding  in  case 
of  an  overspeed,  for  instance,  when 
running  as  an  "inverted  rotary"? 

J.D 

A  dropped  involute  type  of  coil 
was  used  and  the  brass  bell  was  em- 
ployed to  prevent  axial  and  radial 
movement  due  to  centrifugal  force. 
There  was  no  special  provision  for 
inverted  operation  more  than  for  nor- 
mal operation.  j.l.y 
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786 — Operation  of  Bearing  Under 
Water — (a)  In  a  case  where  a 
water  turbine  bearing  can  be  run 
either  under  water  or  simply  with 
intermittent  oiling,  considering  the 
chance  for  the  bearing  being  neg- 
lected, which  would  be  the  safer 
method  of  lubrication?  (b)  How 
does  the  coefficient  of  friction  of 
a  babbited  bearing  with  water  as  a 
lubricant  compare  with  one  using 
oil  as  a  lubricant,  assuming  the 
oiling  to  be  intermittent?  The 
bearing  under  consideration  is  so 
located  with  reference  to  the  belt 
drive  that  it  is  difficult  to  oil.  p.R. 

(a)  If  the  bearing  in  question 
is  a  guide  bearing,  not  a  thrust  bear- 
ing, it  would  be  preferable  to  run  it 
under  water,  using  a  bronze  sleeve 
on  the  shaft  and  lignum  vitae  liners 
in  the  bearing.  a.k. 

(b)  Assuming  the  bearing  to  be 
built  without  special  care,  but  with 
ordinary  good  workmanship,  the 
friction  would  be  less  with  water  if 
the  load  be  small  and  the  speed  high ; 
but  if  the  load  be  high  and  the  speed 
low,  oil  would  give  the  lower  fric- 
tion, a.k. 
787 — Starting  Induction  Motors  in 

Factory    by    Gradually    Raising 
Voltage — In  an  industrial  power 
plant  where  there  are  a  number  of 
motors   driving   machines,   all   of 
which  operate  together,  each  pass- 
ing its  material  along  to  the  next, 
forming  a  continuous  process,  is  it 
practical   to  use   squirrel-cage  mo- 
tors   for  the  individual   units    and 
start     them     together     from     the 
power    plant   by   gradually    raising 
the  voltage,   full-load  torque  being 
required     on     all     the     machines? 
Can   you  give  instances  of  opera- 
tion in  this  manner?  M.O.S. 
Such   a  thing  might  be  theoret- 
ically possible  and  may  be  practical, 
although  we  know  of  no  place  where 
it    is    being    done.     If    it    were     at- 
tempted it  would  be  better  to  bring 
up  the  generator  from  rest,  directly 
connected   to    the   motors    and     with 
full  field  on.     In  this  way  the   fre- 
quency and  voltage  would  build  up 
together  and  it  should  be  possible  to 
start  up  satisfactorily  in  this  way. 

A.M.D. 

788 — V-Connection  of  Transform' 
ers  of  Different  Make — Is  it  pos- 
sible to  connect  two  transformers 
of  different  make  in  V  or  open 
delta  connection,  say,  for  exam- 


ple, the  Westinghouse  and  G.  E. 

or  a  Westinghouse  and  Pitts- 
burgh, etc.?  If  not,  why;  and  if 
so,  what  details  regarding  ar- 
rangement must  be  observed? 

K.A.K. 

The  inherent  design  characteris- 
tic, especially  with  regard  to  regu- 
lation of  the  various  standard 
makes  of  transformers  are  so  near- 
ly identical  that,  for  all  practical 
purposes,  there  would  be  no  restric- 
tions as  to  the  use  of  two  trans- 
formers of  different  make  connec- 
ted in  Y,  provided  that  the  trans- 
formers are  of  like  capacity,  un- 
less they  are  to  be  operated  in  mul- 
tiple with  other  V-connected 
groups  of  transformers.  For  par- 
allel operation,  the  same  precau- 
tions should  be  taken  as  for  multi- 
ple operation  on  any  transformers. 
Note  the  following  articles  bearing 
on  this  phase  of  the  subject.  "Oper- 
ation of  Delta  and  V-Connected 
Transformers  in  Parallel,"  by 
Mr.  E.  C.  Stone,  April,  1910,  p. 
304;  "Determination  of  Polarity 
of  Transformers  for  Parallel  Oper- 
ation," by  Mr.  Wm.  McConahey, 
July  1912,  p.  613.  CF. 

789 — Heating    of    Iron    Screws    in 
Reactance  Coil  Apparatus — A  re- 
actance  coil    is   being   used    on     a 
mercury  rectifier  circuit  for  which 
the  normal  voltage  is  220  volts  di- 
rect-current, but  which  is  working 
on    330    volts    direct-current.       As 
constructed,    this    apparatus    has    a 
sheet   iron   plate    fastened    to    the 
iron     frame    by    means    of    three 
screws.    After  one  or  two  minutes 
of  operation,  the  center  screw  gets 
very  hot,  in  fact,  too  hot  to  touch. 
If   the    middle    screw   is    removed, 
the  upper  screw  becomes  hot,  and 
if  this  is  removed  the  lower  screw 
becomes  hot.    At  the  same  time  the 
coil   becomes   very   hot   and   shows 
danger  of  burning  out.     Please  ex- 
plain  cause   and    remedy.  r.b.a. 
There  is  evidently  strong  alter- 
nating-current  flux   passing   through 
these  screws,  and  as  they  are  solid, 
there  is  a  large  eddy  current  loss  in 
them.      It    is    likely     that     if     brass 
screws  were  substituted  for  the  iron 
ones,  the  flux  would  not  be  concen- 
trated in  them  and  they  would  not 
get    hot.     It    may    be    that    the    iron 
plate  also  becomes  hot  in   the  same 
way.     If  so,  it  would  be  advisable  to 
substitute  a  sheet  brass  plate.      r.p.J. 
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ANNUAL  CONVENTION  OF  THE  AMERICAN 
ELECTRIC  RAILWAY  ASSOCIATION. 


PERSONALS. 


The  thirty-first  annual  convention  >( 
the  American  Electric  Railwa)  Associ- 
ation will  ho  held  in  Ch  •  '  '  tober 
7-nth.  Sessions  of  the  Association  will 
be  held  in  the  Saddle  and  Sirloin 
Clubhouse,  which  adjoins  the  exhibit 
hall  and  is  convenient  to  the  Stock 
Yards  Inn. 

The  principal  items  in  the  program  of 
the  Engineering  Association  arc: 

Monday,  2:30  P.  M.-  Reports  and  ap- 
pointments of  committi 

Tuesday  ti  ./.   M,     Reports  of 

Commit  5  on  Block  Signals  and  on 
Tram  <  operation. 

Wednesday,  9:30  A.  M.-i:3o  P.  M.   - 

Reports  mmittee  "n  Buildings  and 

Structure;     Report    of    Committee    on 

ndards;    Report    of    Committee    on 

Power  1  feneration. 

Thursday.   9:30    A.    .W..-/.,m    /'.    M. — 

Report    of    Committee    on    Engineering 

\    :ounting;    Report    of   Committee   on 

Railwaj    Physical    Property;    Report  of 

Committee  on  Way   Mattel 

Friday,  9:30  A.  M.-H30  P.  M.— Re- 
port of  Committee  '>n  Heavy  Electric 
Traction;  Report  of  Committee  on 
Equipment;  General  Business.  Nomina- 
tions, Elections,  etc. 

The  principal   items   in   the   American 

Association  program  are: 

Tuesday.  2-5  P.  Af.— Annual  address 
of  president;  reports  of  committees;  ad- 
dress "The  Future  of  the  fnterurban," 
by  Mr.  Randal  Morgan;  address,  "Wa- 
ter Power  Development  and  its  Relation 
to  Public  Utilities."  by  an  11.  M.  Byl- 
lesby  representath 

Wednesday.  2-5  /'.  M.-  -Reports  of 
Committees:  address,  "Public  Policy," 
bv  Mr.  Arthur  Warren;  address,  "Ar- 
bitration in  Australia."  by  Mr.  J.  S. 
Badger,  of  Brisbane,  Queensland,  Aus- 
tralia: address.  "The  Milwaukee  Tare 
Case,"  by  Mr.  R.  B.  Stearns. 

Thursday.  2-$  T.  M. — Reports  of 
Committees;  address.  "Electric  Railway 
Securities."  by  Mr.  Morrell  W.  Gaines; 
address,  "Automatic  Rate  Regulation." 
by  Mr.  O  .T.  Crosby;  election  of  offi- 
cers and  unfinished  business. 

The  convention  exhibition  is  to  be  in 
the  International  Amphitheater.  It  is 
reported  that  all  the  exhibit  space  has 
been  engaged.  The  addition  to  the  gen- 
eral exhibit  of  twelve  cars  and  two  re- 
pair cars,  and  a  train  of  sixteen  cars, 
for  the  track  display,  will  make  the  Chi- 
cago exhibit  the  largest  ever  shown. 


Mr.    X.    A     1  ai  le  :ntcd 

chief    engineer    of     the      Publii      Service 

a  of  New  Jersey,  with  head- 
quartei  s  at  Newark. 


Mr    W    l      1   .v. ler,  manager  of  the 
Pittsburgh    district   office   of    the    \\ 
tinghou  trie    &     M  fg     I    impanj . 

has  resigned  to  accept  a  position  with 
the  inteersts  controlled  by  Messrs.  |.  S 
8    \\     S,   Kulm.  Pittsburgh,   Pa. 


Mr.    II.   (".    Specht,    the    well-known 
igning   engineer,    who    for    the    | 
nine  years  lias  been  connected  with  the 
engineering  d<  tit  of  the  Westing- 

house  Electric  &  Mfg  1  unpanj .  has  re- 
signed In-  position  for  an  indefinite  pe- 
riod   on    account    of    private    interests    in 

many.     Mr.   Specht   has  gone  abl 
and     will    take    charge    of    construction 
work   in   connection      with   some   la 

textile    mill    projects    for    the    Norddcu- 

tsche  Wollkaemmerei  und  Kammgaru- 
Spinnerei  at  Delmenhorst,  near  Bremen 


Mr.  W.  B.  Underwood,  for  several 
years  head  of  the  electric  heating  ap- 
paratus division  of  the  Detail  &  Supply 
Sales  Department  of  the  Westinghouse 
Electric  &  Mfg.  Company,  at  East  Pitts- 
burgh, Pa.,  has  taken  a  position  with 
the  American  Sterilizer  Company,  Erie, 
Pa.,  to  be  engaged  in  sales  and  engineer- 
ing  work. 


Mr.  J.  MacArthur  Duncan,  director 
of  works  accounting  at  the  East  Pitts- 
burgh works  of  the  Westinghouse  Elec- 
tric &  Mfg.  Company,  has  been  appoint- 
ed manager  of  the  Pittsburgh  district 
office,  succeeding  Mr.  W.  F.  howler,  re- 
signed. 


Mr.  T.  L.  Schrantz,  of  the  Buffalo 
district  office  of  the  Westinghouse  Elec- 
tric &  Mfg.  Company,  has  been  appoint- 
ed manager  of  the  Syracuse  branch  of- 
fice. 


The  Electrical  Review  &  Western 
Electrician  for  August  ,}ist.  contains  a 
reprint,  from  the  August  issue  of  the 
Iot-rnal,  of  the  article  by  Mr.  H.  M. 
Scheibe,  on  "The  Selection  of  an  Elec- 
tric  Pan." 


The  Practical  Engineer  for  Septem- 
ber 15th,  contains  the  article  bv  Messrs. 
Lyford  and  Stovel,  entitled  "Steam 
Electric  Power  Plants,"  which  was  pub- 
lished in  the  Journal  for  April. 
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is  well  exemplified 
in  special 
Varnishes  devised 
for  special  pur- 
poses, owing  to 
our  superior 
facilities. 

The  Glidden 
factory  is  the 
largest,  most  com- 
plete, and  best 
equipped  varnish 
plant  in  the  world. 

The 

Glidden 
Varnish 
Company 

FACTORIES:  Cleveland, 0.  Toronto,  Can. 
BRANCHES:  New  York.  Chicago.  London 


PERSONALS. 


Mr.  R.  J.  Dearborn,  of  the  patent  de- 
partment of  the  Westinghouse  Electric 
&  Mfg.  Company,  East  Pittsburgh,  lias 
resigned  to  become  associated  with  Mr. 
E.  \Y.  Marshall,  counsellor-at-law  and 
patent  expert,  with  offices  at  76  William 
street,   New   York  City. 


Mr.   F.   G.   Clark,    superintendent    of 

power  plant  for  the  Westinghouse  Elec- 
tric iv  Mfg.  Company,  East  Pittsburgh, 
Pa.,  resigned  August  15th,  to  accept 
the  position  of  chief  engineer  for  the 
Toronto  Electric  Light  and  its  sub- 
sidiary companies  operating  in  the  vicin- 
ity of  Toronto  and  Niagara  Falls.  Mr. 
Clark's  office  is  now  located  at  No.  12 
Adelaide  street,  East,  Toronto,  Ont. 


Mr.  K.  E.  Schaulin,  manager  of  the 
lamp  sales  department  of  the  Pitts- 
burgh district  office,  has  been  trans- 
ferred to  the  Chicago  district  office, 
lie  has  been  succeeded  by  Mr.  H.  J. 
Solon,   of  the   Pittsburgh  office. 


The  fifteenth  annual  session  of  the 
American  Mining  Congress  is  to  be  held 
at  Spokane,  Wash.,  November  25-28. 


PITTSBURGH  SECTION  A.  I.  E.  E. 


The  opening  meeting  for  the  1912- 
1013  season  of  Pittsburgh  Section  of 
the  American  Institute  of  Electrical  En- 
gineers was  held  in  the  auditorium, 
twenty-fifth  floor  of  the  Oliver  Build- 
ing, on  September  10.  The  following  of- 
ficers were  elected  for  the  ensuing  year: 
President,  Mr.  E.  L.  Farrar;  secretary- 
treasurer,  Mr.  M.  C.  Turpin  ;  directors, 
Messrs.  F.  L.  Bishop,  A.  M  Dudley,  W. 
O.  Oschman,  F.  D.  Newbury,  F.  E. 
Towne  and  J.  W.  Welsh. 


A  STEAM  TURBINE  DRIVEN  CENTRIF- 
UGAL PUMP 
of  100  000  000  gallons  per  day  capacity 
is  to  be  installed  in  the  Ross  Pumping 
Station  of  the  Pittsburgh  Water  Works 
by  the  DeLaval  Steam  Turbine  Com- 
pany, of  Trenton,  N.  J.  This  pump  will 
be  the  largest  steam  turbine-driven  con- 
trifugal  pump  ever  built  in  this  country, 
the  rated  capacity  of  100  million  gallons 
per  day  against  a  total  head  of  56  feet 
amounting  to  over  980  water  horse- 
power. The  pump  is  guaranteed  to 
show  a  duty  of  115  000  000  foot  pounds 
per  thousand  pounds  of  dry  steam,  all 
steam  used  by  the  condensing  equip- 
ment being  charged  to  the  main  unit. 
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"Light,  Photometry  and  Illumination" — 
William  Edward  B  335  p 

i'/i   illustrations.      Published    by    Mc- 
Book  Company,  New  York 
y.      IV 
This    \v> >rk   is    tin.-   outgrowth  of  ■• 
of  1  impiled   for 

at  the  Armour  Institute  of  Techno! 
and  of  a  pi  Il- 

luminating Engineering."    It  is  intended 

I  text-1 k  and  for  the  use  of  pi 

ticing    1  rs.      It    deals    principally 

with  the  fundamental  properties  of  li.^ht. 
standards     of    illumination     intensil 
photometric   methods,   illumination    cal- 
culations, and  the  principles  of  interior 
and  illumination. 


"Introduction  to  the  Study  of   Fuel." 
F.  J.  Brisl<  ''i  illu 

tions.  Published  by  D.  Van  Nos- 
trand  Company,  New  York  City. 
Price  ."\;.oo. 

A  technical  1 k  for  those  engi 

in  the  pursuit  of  economy  either  in  a 
boiler  room  or  producer  house.  It 
dials  principally  with  elemental  chem- 
ical reactions;  the  analyses  of  fuels 
and  produ  combustion;  the  use 

of  special  measuring  apparatus  for 
high  temperatures,  gas  qualities,  etc.; 
calculation  of  the  proper  air  supply 
and  combustion  temperatures.  A  clas- 
sification of  different  fuels  is  made  in 
which  the  distinguishing  features 
various  grades  are  outlined  briefly. 
Individual  chapter-  arc  given  over  to 
discussions  of  producer  and  water 
and  some  of  the  few  designs  of  appa- 
ratus employed;  explosions  and  the 
explosion  engine;  testing  and  check- 
in-  of  boiler  results,  and  the  use  of 
liquid  fuel.  The  author  does  not  pre- 
tend to  take  up  the  subject  exhaus- 
tively but  d'  into  its  various 
ramifications  sufficiently  to  give  the 
engineer  ur  student  a  good  grounding 
in  the  underlying  principles  in  fuel 
burning.  0.  D. 


"Design   of   Electrical    Machinery."    Vol. 
II.  Alternating-Current  Transformers 
— William  T.   Ryan,     tig  pages,  illus- 
trated.    Published    by   John    \\  i 
S(  as.     Trice.  $1.50. 

This  book,  like  Vol.  T.  is  intended  for 
college  students.  It  is  now  generally 
admitted  that  it  is  not  feasible  to 
velop  a  real  designer  in  college,  but 
much  can  be  done  in  the  way  of  teach- 
ing fundamental  principles.  In  the  lat- 
ter part  of  the  book  a  number  of  trans- 
former -.  as  worked  out  by  senior 
students,  are  given. 


There  are  no 

BLANKS 

How  often  you  hear  this 

assertion  in  a  game 

of   chance 


In  our  case  there  are  blanks  which 
are  made  of  Raw  Hide  but  with 

the  Game  of  Chance 
left  out 

In  case  you  use  Raw  Hide  Blanks 
for  gears  or  pinions,  we  can  supply 
you  with  the  HK  brand,  which  is 
giving  entire  satisfaction  to  many 

of  the  largest  gear  makers  throughout  the 
country.  We  are  also  the  mnnufacturers 
of  the  HOLBROOK  HIDE  FACED  HAM- 
MER and   RAW   HIDE  MALLET. 

Give  our  Goods  a  trial 
and  be   convinced. 

Made  from   Raw   Hide   and  by  ut. 

Holbrook  Raw  Hide  Co. 

Manufacttir+r% 
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HARNEY 


OF 
CHICAGO 


has    an  unique 

New  Business  and  Publicity 

plan  of  unusual  merit 

For  Central  Stations 

which  your  company  can  adopt 

Without  One  Cent  of  Cost 

The  plan  is  novel,  dignified,  effective,  will  not  interfere  with  any 
other  campaign  you  may  have,  and  besides  boosting  your  busi- 
ness will  make  for  the  greater  goodwill  of  your  patrons — and  all 
without  cost  to  your  company. 

It  has  been  approved  by  Central  Station  Presidents,  Managers, 
Superintendents,  Contract  and  Commercial  Agents,  Advertising 
and  Publicity  Managers,  etc.,  and  endorsed  and  adopted  by 
leading  Central  Stations  throughout  the  United  States. 
Your  company  can,  and  should,  take  advantage  of  it.  Write 
today  for  particulars  to 

J.  A.  HARNEY,  54  W.  Lake  St.,  CHICAGO,  ILL 

Please  mention  The  Electric  JOURNAL 


<^*2^4- 


TURBINE  OILS 

For  Turbine  Lubrication 

600  W  CYLINDER  OIL 

For  Steam  Cylinder  Lubrication 

MOBILOILS 

For  Automobile  Lubrication 

UNDER  its  Gargoyle  mark  the  Vacuum  Oil  Company  sup- 
plies lubricants  to— The  floating  armament  of  the  World's 
leading  naval  powers.  To  leading  ocean  steamship  com- 
panies throughout  the  -world.  Outside  the  American  market,  to 
over  seventy  foreign  automobile  manufacturers.  To  practically 
every  aeroplane  in  active  use,  both  private  machines  and  the 
military  aeroplanes  of  the  leading  powers.  To  leading  manufac- 
turing plants  at  home  and  in  every  quarter  of  the  globe.  For 
over  half  a  century  we  have  made  lubricants,  not  as  by-pro- 
ducts, nor  as  temporary  profit  makers,  but  as  a  serious  business. 
In  power  engineering  circles,  our  standing  as  authoritative 
leaders  in  high  grade  lubricants  is  unquestioned. 

The   Gargoyle  is   Our  Mark  of  Manufacture 

VACUUM  OIL  COMPANY,  Rochester,  U.S.A. 

Distributing   Warehouse*  in  the  Principal  Cities  of  the  World 
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Improvements  in  service  rendered  and  closer  rela- 
Accurate       tions  with  the  public  have  been  the  trend  of  central 
Voltage        station  companies  during  recent  years.     The  main- 
Re^ulation     tenance  of  close  relations  between  the  public  and 
public  service  companies  is  at  besl  a  difficult  mat- 
ter.    <  Mh-  of  the  most  important  means,  whereby  the  consumer  of 
energ)    for  electric  lighting  judges  the  service  rendered,  is  by  the 
diness  of  the  voltage  supply.     The  public  usuall)   do  nol  know 
the  details  of  t lie  elaborate  power  house  equipment  and  distribution 
system  necessarj  to  give  them  continuity  of  service,  for  they  do  not 
come  in  direct  contact  with  that  part  of  t lie  equipment.     No  other 
phase   of   the   service   more   easily   tends   to   create   dissatisfaction 
among  users  than  wide  fluctuations  in  the  candle-power  of  lighting 
units,   speeds  of  motors,  etc.     <  >n   the  other  hand,  a   satisfactory 
voltage  supply  results  in   increased  use  of  central   station   service. 
The  development  of  high  efficiency  lighting  units  and  the  im- 
petus given  towards  the  larger  applicatii  n  of  such  illumination  units 
along  scientific  engineering  lines  has  also  resulted  in  a  correspond- 
ing increase  in  the  requirements  of  steadiness  of  illumination.     The 
besl   voltage  regulation  on  any  large  system  can  only  be  obtained 
by  the  use  of  automatic  regulating  devices.    Such  devices  should  be 
rugged,  should  require  a  minimum  of  adjustment  and  should  give 
practically  instantaneous  correction  of  relatively  small  voltage  fluc- 
tuations.    Naturally,  complete  apparatus  possessing  these  qualifica- 
tions to  the  m<  st  desirable  degree  was  only  obtainable  l>y  a  pr- 
of development.      The  induction  type   feedei    regulator,  with  aux- 
iliaries for  automatic  operation,  as  described  in  Mr.  Lehr's  arti 
in  this  issue  of  the  Journal,  fulfills  such  requirements. 

During  the  past  two  years  the  number  of  installations  of  feeder 
regulating  devices  i  t*  this  type  has  increased  very  rapidly,  testify- 
ing to  the  desire  of  central  station  managers  to  furnish  the 
service  that  can  be  secured  with  available  apparatus.  Apart  from 
the  important  question  of  voltage  regulation  in  service  and  its  effect 
upon  the  consumer,  features  such  as  improvement  in  regulation  of 
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systems,  economy  of  operation  and  distribution,  increase  in  sale  of 
light  and  power  due  i<>  current  consuming  devices  being  operated 
at  normal  rated  voltage,  decrease  in  lamp  renewals,  etc.,  are  also 
important  factors,  and  show  the  desirability  of  installing  automatic 
regulating  equipment  in  transmission  and  central  station  distribu- 
tion systems,  from  the  standpoint  of  the  operating  company  as  well 
as  the  individual  user  of  power.  A.  D.  Fishel 


Thanks  to  the  large  amount  of  work  done  by  van- 
Practical       ous    investigators,    the    commercial    production    of 

Utilization      ozone  has  now  become  assured;  and.  as  our  knowl- 
of  Ozone        edge  of  its  effects  is  increased,  it  seems  probable 
that  the  use  of  ozone  as  a  sterilizer,  as  a  bleaching 
agent,  as  a  therapeutic  agent  and  in  general  where  a  rapid  oxidiza- 
tion is  required,  will  become  commercially  feasible. 

Ozone  furnishes  probably  the  most  certain  means  of  sterilizing 
water.  Dilution,  sedimentation  and  ground  filtration  are  the 
natural  processes  of  water  purification,  in  artificial  sedimentation 
basins,  with  slow  operating  velocities,  sixty  to  eighty  percent  of  the 
total  solids  may  be  separated,  and  a  large  percentage  of  the  bacterial 
life  (the  objectionable  part  from  the  sanitary  standpoint)  will 
also  be  removed — in  some  cases  as  high  as  ninety  to  ninety-seven 
percent,  according  to  Prof.  R.  L.  Sackett  of  Purdue  University, 
an  authority  on  sanitary  and  hydraulic  engineering.  With  concen- 
trated populations  there  is  increasing  danger  of  contamination  of 
water  supplies  and  increasing  difficulty  in  securing  natural  purifica- 
tion. Artificial  means  must  therefore  be  resorted  to,  and  the  pass- 
ing of  ozonized  air  through  the  water  furnishes  a  means  of  steriliza- 
tion which  leaves  no  trace  of  the  purifying  agent,  as  is  the  case 
where  chemicals  are  employed.  Municipal  plants  abroad  have 
effected  practically  complete  sterilization  by  this  means  on  a  com- 
mercially economical    scale. 

The  value  of  ozone  as  a  bleaching  agent  has  long  been  recog- 
nized and  a  great  deal  of  work  has  been  done  to  commercialize  this 
property,  particularly  where  it  is  necessary  that  no  trace  of  the 
bleaching  agent  remain,  as  for  example,  in  the  bleaching  of  flour. 

It  is  also  a  germicide  of  great  value  and  free  from  some  of  the 
objections  which  may  be  registered  against  other  germicides.,  such 
as  formaldehyde.  Its  use  in  the  prevention  and  treatment  of  dis- 
ease, also,  will  undoubtedly  prove  of  great  value  to  mankind. 

C.  E.  Skinner 
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Most  elements,  including  oxygen,  are  more  ener- 
Ozooe         getic  when  in  a  nascent  state.    Confined  air  is  rela- 
and  tivel)   --tali.-;  ozonizing  revivifies  it  and  is 

Health         accordingl)   a  valuable  adjunct   to  ventilating  - 

terns,  where  stale  and  vitiated  air  cannot  be  entirely 
displaced  b)  fresh  air.  Sunlight  is  bactericidal.  Tubercle  bacilli 
are  killed  within  a  few  minutes  by  exposure  to  direct  sunlight,  but 
an  infinitude  of  bacterial  life  infests  dark  and  damp  nooks  and 
corners  where  sunshine  does  nol  permeate.  In  such  rooms  tubei 
bacilli  do  not  die.  Our  houses  admit  to,,  little  sunshine;  and  too 
little  air  that  has  been  acted  upon  by  the  sun  enters  them.  The 
energy  in  sunlight  that  kills  bacteria  is  probably  the  actinic  rays. 
Another  potent  chemical  energy  possessed  by  out-door  air,  as  a 
product  "t'  the  sun's  action,  is  ozone,  generated  in  Nature's  labora- 
tory in  various  wa  described  in  the  article  by  Mr.  W.  H. 
Thompson  in  this  issue. 

[f  Mature  goes  to  the  trouble  of  producing  ozone  for  the  pur- 
pose of  destroying  the  bacterial  life  that  is  inimical  to  man.  and 
thus    succeeds    in    making    the    earth    habitable,    surely    man    can 

well  imitate  Nature  by  the  artificial  production  of  ozone  in  the 
buildings  from  which  he  has  excluded  adequate  air  and  sunlight. 
Too  much  ozone,  however,  may  prove  deleterious  as  it  would  pro- 
duce too  rapid  oxidation,  just  as  too  much  concentration  of  oxygen 
in  the  air  is  injurious.  The  blood  is  capable  of  appropriating  only  a 
certain  amount  of  oxygen,  and  too  much  free  oxygen  is  as  harmful 
as  too  little.  Our  endeavor  should  be  to  provide  air  indoors  that  is 
suitable  for  breathing  as  that  outdoors,  but  not  to  attempt  to 
improve  on  Nature's  composition  of  the  air. 

By  decreasing  the  bacterial  content  of  the  air  we  breathe, 
ozone  promises  us  a  certain  degree  of  immunity  from  infectious 
diseases.  Its  field  is  probably  in  preventing  rather  than  in  curing 
diseases,  though  it  is  useful  for  the  latter.  All  expenditure  of 
human  effort  whether  muscular,  mental  or  emotional — produces 
some  measure  of  fatigue.  The  athlete  coming  in  from  a  Marathon, 
or  other  strenuous  feat  of  endurance,  is  more  quickly  restored  by 
inhalation  of  oxygen  than  by  the  administration  of  so-called  stimu- 
lants. Similarly,  in  recovery  rooms  and  rest  rooms,  there  is  need 
of  high  potential  oxygen,  so  as  to  oxidize  and  eradicate  from  the 
blood  more  quickly  and  more  permanently  the  fatigue  products  of 
exertion  from  whatever  sources.     The  exhilaration  of  a  brisk  walk 
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in  the  early  morning  air  can  hardly  be  duplicated  indoors, 
even  though  an  ozone  apparatus  be  in  successful  operation.  It 
offers  no  substitute  for  exercise  in  the  open  air,  but  by  improving 
the  air  we  breathe,  it  promises  to  increase  our  comfort  and  safe- 
guard our  health.  Charles  A.  Lauffer,  M.  D. 


(  >zone    is    probably    creating    more    interest    at    the 

Commercial     present  time  than  any  other  of  the  many  gases,  on 

Possibilities  of  account    of    the    promising    possibilities    which     it 

Ozone  offers  in  the  several   different  branches  of  science. 

Two  of  these  are  probably  more  directly  affected 
than  all  others — the  electrical  and  the  medical  professions; 
the  first  in  its  manufacture  and  the  second  in  its  physiological  use. 
fhe  most  efficient  and  economical  means  in  use  for  obtaining  this 
gas,  as  pointed  out  by  Mr.  Thompson  in  this  issue  of  the  Journl,  is 
by  electricity;  therefore  the  problem  of  producing  it  economically, 
and  thus  enabling  all  to  participate  in  its  use  will  naturally  be  as- 
sumed by  the  electrical  manufacturers. 

In  view,  however,  of  the  remote  relations  in  daily  business  be- 
tween these  two  fraternities,  it  is  quite  as  impractical  for  the 
medical  fraternity  to  keep  in  direct  touch  with  the  electrical  manu- 
facturer as  it  is  for  the  manufacturer  to  keep  in  direct  touch  with 
them.  Therefore,  the  problem  of  establishing  a  medium  of  ex- 
change between  the  two  will  naturally  fall  upon  the  central  station 
and  electrical  dealers,  and  it  thus  devolves  upon  them  to  keep  the 
physicians  in  their  respective  vicinities  informed  as  to  latest  devel- 
opments in  the  methods  of  producing  ozone. 

There  is,  comparatively  speaking,  a  very  limited  knowledge  of 
artificially  produced  ozone  today,  yet,  as  pointed  out  by  Mr. 
Thompson,  where  tried,  it  has,  in  the  majority  of  cases,  proven 
successful.  This  leads  us  to  believe  that  its  possibilities  are  even 
greater  than  commonly  appreciated  and  that  certain  classes  of  the 
public,  who  heretofore  have  not  been  prepared  to  cope  with  certain 
diseases,  will  now  be  able  to  secure  effective  treatment.  While  the 
use  of  ozone  in  the  treatment  of  diseases  is  of  paramount  impor- 
tance, there  are  many  other  applications — for  instance,  we  are  told 
that  the  common  house-fly  will  not  remain  in  a  room  where  ozone 
is  being  liberated.  This  in  itself  is  quite  sufficient  to  make  the 
ozonizer  a  household  necessity.  C.  E.  Allen 


NATURE,  PRODUCTION,  AND  USES  OF  OZONE 

W.  H.  THOMPSON 

OZONE  has  probably  been  known  to  man  since  his  very 
earliest  existence  as  it  is  continually  being  formed  l>\  the 
various  processes  of  nature,  but  il  is  onl)  during  com- 
paratively recent  times  that  it  has  been  recognized  as  a  distinct  [ 
and  given  a  name,  and  it  i-  only  within  a  very  few  years  that  it  has 
been  produced  by  artificial  means  with  sufficient  economy  for  com- 
mercial use. 

The  earliest  record  of  artificial  production  of  ozone  is  by  a 
Dutch  scientist  named  Van  Marum,  who  in  [785  noted  the  peculiar 
smell  after  oxygen  had  been  subjected  to  electrical  discharges.  This 
he  termed  the  "smell  of  electricity."  which  was  later  noted  by  other 
investigators,  bul  it  is  not  recorded  as  having  been  reci  gnized  as  a 
distinct  gas  until  [840,  when  a  Gentian  scientist  named  Schoenbein, 
then  a  professor  at  the  University  of  Basle,  Switzerland,  by  ex- 
haustive research  proved  it  to  he  so  and  suggested  its  name,  which 
is  derived  from  the  Greek  and  signifies  smelling,  lie  also  dis- 
ered  the  action  of  ozone  on  potassium  iodide  and  devised  a 
rough  method  of  measuring  it.  but  during  the  next  fifty  years  little 
additional  knowledge  was  gained  about  the  gas  until  in  [890  Ber- 
thelot,  a  French  chemist,  to<  k  up  the  study  1  f  it  for  the  purpose  of 
applying  its  well  recognized  properties  to  practical  ends.  Since 
that  time  interest  in  the  subject  has  been  rapidly  increasing  and 
great  progress  has  been  made  towards  developing  efficient  ap- 
paratus for  the  production  of  this  gas.  The  development  of  the 
alternating-current  transformer  and  generator  has  made  possible  a 
means  of  generating  it  eo  nomically  and  the  more  recent  wide  dis- 
trihutii  n  and  general  utility  of  electric  power  in  offices,  home-  and 
factories  has  opened  up  a  wide  field  for  electric  ozone  generators. 

CHA&ACTERISTK  S 

Ozone  is  an  allotropic  form  of  oxygen  winch  i-  many  time- 
more  active  than  oxygen  itself.  It  is  considered  as  the  strongest 
oxidizing  agent  known  and  on  this  account  is  of  great  value  as  a  dis- 
infectant and  antiseptic,  and  has  been  Used  with  great  success  for 
the  sterilization  of  air,  water  ami  various  substances,  as  well  as  for 
the  relief  and  cure  (if  disease-,  particularly  of  the  respiratory 
organs.  It  has  generally  been  considered  a-  differing  chemically 
from  oxygen  ;  oxygen  being  designated  a-  02,  meaning  that  the  atoms 
are   arranged   in   pairs   of   two   for   each   molecule,    while   ozone 
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designated  as  os.  In  this  state  the  atoms  arc  very  unstable  and  are 
ready  to  unite  with  any  oxidizable  substance  with  great  activity. 
It  is  this  characteristic  that  gives  ozone  its  great  sterilizing  and 
germicidal  powers. 

Pure  ozone  is  a  colorless  gas,  heavier  than  air,  with  a  penetrat- 
ing odor  somewhat  resembling  the  odor  of  chlorine.  It  is  unstable 
in  the  presence  of  oxidizable  substances  and  instantly  decomposes 
at  a  temperature  of  260  degrees  C,  although  at  ordinary  tempera- 
tures it  decomposes  slowly.  It  can  be  reduced  to  a  dark  blue  liquid, 
by  a  pressure  of  1  840  pounds  per  square  inch  at  a  temperature  of 
-  103  degrees  I'.,  when  it  is  highly  magnetic  but  less  active,  chem- 
ically, than  the  gas. 

Owing  to  its  great  activity,  ozone  will  remain  but  a  short  time 
in  the  presence  of  an  oxidizable  substance,  or  in  any  air  or  water 
containing  germs  or  floating  particles  of  animal  matter.  Its  pres- 
ence can  be  detected  by  smell  even  when  diluted  to  one  part  in  ten 
million.  An  odor  of  ozone  is  an  indication  that  the  air  is  fairly 
sterile,  because  if  there  were  impurities  or  bacteria  in  the  air  the 
ozone  would  immediately  attack  them  and  thereby  be  neutralized. 
In  addition  to  its  remarkable  oxidizing  and  sterilizing  powers  it  is 
also  a  very  strong  bleaching  agent  and  has  been  used  with  consider- 
able success  commercially  for  bleaching  flour. 

METHODS  OF  PRODUCTION 

Ozone  is  produced  in  the  atmosphere  by  a  variety  of  natural 
processes.  It  is  usually  present  in  the  open  country  near  the  sea  or 
large  bodies  of  water,  waterfalls  .and  forests,  but  it  is  not  commonly 
found  in  cities,  except  after  a  thunder  storm  or  after  a  sudden 
change  in  temperature  or  some  other  unusual  condition.  It  is  often 
very  noticeable  after  heavy  lightning  discharges,  and  the  peculiar 
freshness  of  the  air  is  largely  due  to  the  presence  of  ozone.  It  is 
also  formed  by  the  action  of  the  ultra- violent  rays  of  sunlight  on 
air.  It  is  a  well-known  fact  that  the  best  time  for  bleaching  clothes, 
for  example,  is  in  the  early  morning  before  the  dew  has  disap- 
peared. The  reason  for  this,  and  the  fact  that  on  a  bright  morning, 
with  dew  on  the  grass,  the  air  seems  so  refershing,  is  probably  that 
the  many  tiny  drops  of  dew  act  as  prisms,  refracting  the  rays  of 
sunlight,  so  that  the  ultra-violet  rays  acting  on  the  air  generate  a 
considerable  quantity  of  ozone.  The  concentration  produced  by 
natural  processes  is  never  very  high,  that  is  to  say,  the  proportion 
of  ozone  to  air  is  small  and  when  it  is  produced  momentarily  by 
sudden  lightning  discharges  it  is  soon  diffused  after  the  discharges 
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cease.     Various  estimates  made  on  the  proportionate  amounl  pr< 
t.-iit  in  the  air,  indicate  thai  it  rarel)  ds  one  pari  i"  one  million 

of  air.  Vs  il  quickl)  attacks  oxidizable  substances  it  cannot  remain 
long  in  the  atmosphere  of  cities  where  there  is  always  a  large 
amounl  of  such  matter  suspended  in  the  air. 

The  ni(p>t  efficient  of  the  present  known  methods  of  producing 
»ne  artificially  and  the  one  used  mosl  commonly  is  that  in  which 
air  or  oxygen  is  passed  over  the  corona  or  brush  discharge  from 
suitable  terminals  connected  to  a  high  voltage  alternating-currenl 
circuit.  Other  methods  which  might  be  mentioned  are:  Oxida- 
tion of  phosphorus  in  moisl  air:  oxidation  of  certain  essential  oils, 
such  as  turpentine:  subjecting  air  or  oxygen  to  sudden  change  in 
temperature  by  passing  it  over  a  heated  non-metallic  substance,  such 
a^  a  Nernsl  glower;  by  radiation  from  radio-active  salts;  by  elec- 
trolysis of  water,  sulphuric  acid  and  certain  other  liquids;  by  mix- 
ing fluorine  and  water:  by  the  action  of  sulphuric  acid  on  per- 
manganate of  potash;  by  the  action  of  ultra-violet  rays,  as  from  a 
mercury  are  in  a  quartz  tube,  upon  air  or  oxygen. 

FORMS   OF    GENERATORS 

ddie  forms  of  ozone  generators,  or  "ozonizers,"  as  they  are 
usually  called,  are  many  and  varied.  Up  to  the  present  time  more 
than  one  hundred  and  twenty  patents  have  been  taken  oul  on  such 
apparatus.  The  earliest  of  these  is  dated  [8(  9,  but  fully  ~^  percent 
of  them  have  been  taken  <>ut  since  1897.  The  earlier  forms  were 
designed  to  operate  from  static  machines  or  induction  coils,  while 
the  later  ones  are  nearly  all  designed  to  operate  from  high  voltage 
alternating-current  transformers.  While  the  majority  of  the  early 
ozonizers  were  inefficient  and  impractical,  they  formed  the  stepping 
stones  i"  the  present  practical  apparatus.  The  pr<  gi  which  has 
been  made  in  their  efficiency  of  production  is  shown  by  the  fol- 
lowing : — 

ms  <>f  oz 
kw-lir. 

L890    I 

l-"7    7 

•    

-     71 

L909 

L910    

1912    215 

The  various  forms  of  ozonizers  include  those  of  the  spark-gap 
type,  the  flat  plate  type,  and  the  tube  type.  The  spark-gap  type 
usually  has  two  or  more  terminals  consisting  of  a  number  of  points 
between  which   sparks   are   mad.-   to  pass    from   a   source   of   high 
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voltage,  and  over  which  air  passes  and  is  ozonized.     The  difficulties 

with  this  type  are  that  destructive  arcs  often  start  between  the 
terminals  and  also  that  there  is  considerable  oxide  of  nitrogen 
formed  together  with  the  ozone.  The  arcing  may  be  avoided  by  a 
condenser  connected  in  series  with  the  spark-gap,  but  this  greatly 
reduces  the  amount  produced. 

'Idle  tlat  plate  type  consols  of  flat  plates  of  dielectric  material, 
usually  ^i  glass,  on  our  side  of  which  is  a  conducting  coating.  The 
plates  are  arranged  in  pairs,  with  the  conducting  coatings  on  op- 
site  sides  and  a  small  air-gap  between  the  uncoated  surfaces 
through  which  the  air  passes  and  is  ozonized  when  a  high  potential 
i<  applied  to  the  coatings,  causing  a  discharge  to  take  place  across 
the  gap  between  the  plates.  A  modification  of  this  type  consists  in 
using,  instead  of  two  plate-  of  dielectric,  one  of  perforated  metal 
with  a  number  of  points  adjacent  to  the  uncoated  surface  of  the 
glass  plate.  A  discharge  takes  place  between  the  metal  points  and 
the  glass  plate,  ozonizing  the  air. 

In  more  recent  designs  a  gla>s  tube  is  used  for  the  dielectric, 
which  makes  a  much  more  substantial  arrangement,  both  from  a 
mechanical  standpoint  and  from  the  standpoint  of  insulation.  The 
arrangement  is  usually  such  that  the  ozone  is  generated  inside  the 
tube,  the  air  being  passed  through  either  by  natural  flow  produced 
by  the  slight  rise  in  temperature  within  the  tube,  or  by  a  forced 
draft  produced  by  a  fan.  In  ventilating  rooms  of  ordinary  size 
such  as  offices  and  dwellings  it  is  not  necessary  to  have  a  forced 
draft  of  air  as  the  natural  currents  of  air  are  sufficient  to  circulate 
all  the  ozone  required.  In  theatres,  large  work  rooms  and  places 
where  a  large  number  of  people  congregate,  a  fan  or  blower  will 
be  found  useful  for  distributing  the  ozonized  air. 

Some  i  zonizers  have  been  rendered  unsuccessful  by  the  efforts 
of  designers  to  produce  the  maximum  amount  of  ozone  from  a 
given  size  of  apparatus.  The  results  of  these  designs  have  been 
the  production  of  nitrogen  oxides  in  addition  to  ozone.  These  are 
not  only  disagreeable,  but  harmful.  It  is  therefore  very  important 
that  the  parts  of  <,/.<  nizers  be  so  proportioned  as  to  produce  a 
negligible  amount  <  f  nitrogen  oxide-. 

An  ozonizer  can  be  designed  so  that  practically  pure  ozone  is 
produced,  the  amount  of  nitrogen  oxides  being  the  merest  trace. 
It  can  safely  be  said  that  the  ozone  produced  from  apparatus  so 
designed  i-  for  all  practical  purposes  absolutely  pure.  A  portable 
type  of  ozone  generator  of  such  design  is  illustrated  in    bigs,    i,  2 
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and  3.     I  he  ozone  is  generated  i 1 1  -. i < K-  glass  tubes  lined  with  metal 
mesh,  the  outside  of  the  tubes  being  plated  l>>   a  special  pi 
with  a  thin  coating  of  metal  closel)   adherenl   to  the  glass.     This 
form  of  generator  has  proven  t<>  be  of  verj   high  efficiency,  while 
the  surface  and   voltage  are   so  proportioned   as   to   produce   the 
purest  ozone  possible.     This  design  is  extremely  rugged  and  mi!> 
stantial ;  the  electrically  active  parts  are  highly  insulated,  ;ui<l  the 
apparatus  is  almosl   noiseless  in  operation,  so  tliai   it  can  U-  left 
running,  even  in  a  sleeping  room,  withoul  the  slightest  disturbai 
The  design  is,  moreover,  such  that  in  ordinarj   use,  i.  e.,  with  th< 
cover  in  place,  all  live  parts  are  inaccessible,  so  that  the  apparatus 
can  be  handled  with  safet)  even  while  in  operation.     There  are  no 
rotating  parts,  the  three  essential  elements  being,   four  generating 
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terior  and  interior  views. 

tubes,  a  step-up  transformer  and  a  regulating  switch  located  inside 
the  case  at  the  top  and  connected  to  the  generating  tubes  so  that  l>y 
turning  a  knob,  on  the  top  of  the  case,  to  one  of  the  four  positions 
indicated  on  the  <lial  the  number  of  tubes  in  operation  may  be  regu- 
lated. Thus,  with  the  switch  p<  inter  at  /  there  is  but  one  generat- 
ing tube  in  operation;  with  the  pointer  at  2  twice  a-  much  ozone  is 
generated;  while,  at  3  or  /.  there  is  a  proportionate  increase. 

In  using  this  apparatus  one  tube  in  operation  should  usually 
be  sufficient  for  a  room  of  ordinary  height,  to  to  u  ft.  square, 
while  four  tubes  in  1  peratii  n  should  pr<  duce  sufficient  ozone  for  a 
room  ranging  in  size  from  20  to  \o  ft.  >quare.  Very  large  rooms 
with  many  people  ma\  require  more  than  one  ozonizer.     The  opera- 
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tion  of  the  apparatus  is  most  efficient  when  it  is  so  located  in  a 
room  that  there  is  free  circulation  of  air  aboul  it  :  the  ozonized  air 
is  then  distributed  throughout  the  room  mosl  effectively.  The  hest 
location  is  probably  near  the  floor,  bu1  the  generator  should  he  kept 
in  a  dry  place.  It  should  he  connected  to  a  circuit  having  nominally 
the  same  voltage  and  frequency  as  those  indicated  on  the  name 
plate  of  the  apparatus.  Connection  is  made  from  the  low-tension 
side  oi  the  transformer  to  the  electric  light  circuit  by  means  of  an 
attachment  plug  and  connection  cord  which  forms  part  of  the 
equipment.     The  ozoni/er  may  he  left  on  the  circuit  indefinitely,  as 

the  amount  of  heat  developed 
during  constant  operation  is 
negligible  and  the  amount  of 
power  consumed  is  very  small, 
viz.,  approximately  iS  watts 
with  all  four  generating  tubes 
in  operation. 

The  transformer  which  is 
used  in  this  apparatus  is  of  a 
special  design,  which  gives 
compactness  and  ruggedness 
combined  with  efficiency.  The 
coils  are  wound  on  thoroughly 
insulated  spools,  assembled  on 
an  iron  core,  and  placed  in 
a  welded  sheet  metal  box 
which  is  filled  with  an  insulating  compound  so  as  to  completely 
impregnate  and  surround  the  coils.  With  this  construction  the 
transformer  is  heat  proof  and  moisture  proof.  The  connections 
between  the  transformer  and  the  generating  tubes  are  made  through 
the  regulating  switch.  With  the  switch  in  the  /  position,  the  four 
tubes  operate  in  parallel  directly  across  the  high-tension  side  of 
the  transformer:  the  voltage  being  that  required  for  the  most  ef- 
ficient production  of  ozone.  When  in  operation,  one  high-tension 
terminal  of  the  transformer  i-  connected  to  the  outer  metal  coat- 
ing on  the  glass  cylinder  forming  the  generating  tube,  while  the 
other  high-tension  terminal  is  connected  to  the  wire  mesh  which 
lines  the  interior  of  the  tube.  The  production  of  ozone  is  due  to 
the  uneven  distribution  of  potential  on  the  inner  surface  of  the 
generating  cylinder  caused  by  the  mesh,  which  results  in  a  large 
number  of  minute  brush  discharges.     These  brush  discharges  are 


FIG.    3 — TOP    VIEW    OF    OZONIZER 

Showing  switch  and  dial,  and  outlet 
caps. 
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accompanied  by  a  sufficient  amount  <>t"  heat  to  slightly  warm  the  air, 
and  thi^.  with  the  tendency  of  the  transformer  to  .ui\c  off  heat 
causes  the  air  t<»  rise  in  a  positive  direction  up  through  the  tub 
There  are  no  obstructions  in  the  tubes  and  their  diameter  1-  such 
t<  1  allow  free  pa  1  air. 

Ml  \-a  R]  mini   OF   0Z01 

It  is  nov*  1  >« •  — . i  1  »1  e-  to  measure  the  quantity  of  ozone  in  the  air 
quite    accurately.     The    method    which    has    been    in    use    up 
the  present  time  was  roughly  devised  by  Prof.  Schoenbein  in  1840, 
but   has  since  been   improved  and  made  accurate  by   the  corn 
evaluation  of  constants.     This  method  consists  in  passing  the  g 
to  be  measured  through  a  solution  of  potassium  iodide  which  con- 
tain- approximately  one  percent  of  free  sulphuric  acid.     [odin< 
set  free  by  the  ozone  according  t<>  the  following  reaction: — 
2  Kl      HiO  +  0        l.  KOH 

The  K  0  II   which  might  otherwise  absorb  the  free  iodine  is  taken  up 
in  f  action. 

H,SO        2KI  >ll         l  jII.i  » 

The  amount  of  free  iodine  can  now  be  determined  by  mixing  with  starch 
solution  and  titrating*   with   sodium  thiosulphate.     This  reaction  is  as 

2]    ■   j\:i.S.<>         2Nal    •    N     : 
It  can  '  rmined  from  the  molecular  weights  that  in  the  above  reaction 

one  gram  of  sodium  thiosulphate  is  required  for  0.09669  gram  of  ozone  and 
1  this  the  amount  of  ozoni  in  the  solution  can  be  calculated. 

A  method  recently  proposed  by  Chas.  Baskerville  and  W.  J. 
Crozier  consists  in  using  potassium  cadmium  iodide,  CdKI,  in- 
stead of  potassium  iodide;  otherwise  the  process  is  the  same  as 
the  above.    The  reaction  is  as  follows: — 

21  IdKl        II .«  >  +  0         61  H   2KI  'II    hCdO  »M  1. 

This  method  is  reported  as  being  more  accurate  than  the 
previous  method,  as  the  end  reaction  point  is  sharply  defined  and 
the  results  are  the  same  for  both  arid  and  neutral  solutions. 

PHYSIOLOGICAL     \<  TION    OF    OZONE 

The  human  blood  contains  approximately  five  million  red  cor- 
puscles per  cubic  millimeter:  am  1  x  ess  Or  deficiency  indicates 
some  disturbance  in  the  health  equilibrium.  The  red  corpuscles 
contain  a  proteid  known  as  hemoglobin  (the  coloring  matter  of  the 
blood).   This  hemoglobin  is  rich  in  iron,  which  poss  an  affinity 


♦When  the  starch  solution  is  added  to  the  solution  c  mtaining  line, 

the  combination  at  once  1  blue  in  color.     Thetitration  of  add- 

ing measured  quantities  of  a  solution  of  ki  rength  of  sodium  thiosul- 

phate until  the  blue  color  disappears.  This  i«  called  the  "end  reaction  point" 
and  occurs  when  just  enough  sodium  thiosulphate  has  been  added  to  unite 
with  all  the  free  iodine  present. 
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for  oxygen.  When  the  blood  is  well  charged  with  oxygen  it  is 
rich  in  oxy-hemoglobin ;  when  it  is  deficiently  aerated,  it  contains 
an  excess  of  carbon-dioxide-hemoglobin.  In  the  internal  physio- 
logical processes  of  the  body  the  Mood  has  to  give  up  its  oxygen  in 
order  to  maintain  life,  and  must  receive  its  new  supply  of  oxygen 
through  the  lungs.  It  is  thus  apparent  that  an  abundance  of  air. 
sufficiently  rich  in  oxygen,  must  he  available  for  breathing  into  the 
lungs,  if  a  healthy  condition  i>  to  he  maintained.  Physical  exertion 
in  the  open  air  may  increase  the  circulation  and  the  amount  of  in- 
spired air  as  much  as  seven  fold;  exercise  i>  the  ideal  method  of 
aerating  the  blood. 

Buildings  which  are  too  large  for  ordinary  methods  of  ventila- 
tion may  require  such  methods  as  are  applicable,  for  example,  to 
mines.  <  >\  ercrow ding  of  rooms,  and  noxious  fumes  not  adequately 
eliminated  by  methods  of  forced  ventilation,  likewise  necessitate 
-une  means  of  improving  the  oxygen  content  of  the  confined  air. 
Under  these  conditions  an  approved  type  of  ozone  generator  is 
applicable.  Air  which  has  been  vitiated  to  some  degree  may  he 
restored,  and  the  fresh  air  supply  may  advantageously  he  ozonized. 
With  the  air  thus  purified,  deodorized  and  oxygenated,  the  health 
and  efficiency  of  those  living  in  such  confined  quarters  is  greatly 
enhanced. 

<  >zonizers  of  the  type  here  illustrated  are  designed  primarily 
for  use  in  rooms  of  ordinary  size,  such  as  offices,  dwellings,  etc.,  as 
indicated  above.  It  should  he  plainly  understood,  however,  that  the 
operation  of  this  apparatus  is  not  intended  to  take  the  place  of 
<  rdinary  ventilation.  The  ozonizer  must  lie  supplied  with  air  con- 
taining oxygen  in  order  that  it  may  generate  ozone.  The  intro- 
duction of  fresh  air  into  a  room  simply  dilutes  the  impure  air,  hut 
does  not  destroy  the  impurities.  The  effect  of  ozone  is  to  destroy 
the  impurities  by  the  process  of  oxidation.  The  ozonizer  does  not 
add  any  oxygen  to  the  air;  it  simply  renders  the  oxygen  which  is 
present  more  active.  For  general  purposes,  the  amount  of  ozone 
required  varies,  of  course,  with  the  size  of  room  and  the  number 
of  people  present,  and  can  best  he  determined  by  trial.  One  part 
of  ozone  in  one  million  of  air  is  sufficient,  and  if  there  is  more 
than  a  slightly  pereeptihle  odor  this  fact  may  he  taken  as  an  indica- 
tion that  the  proper  proportion  has  been  exceeded;  if  the  odor  of 
ozone  becomes  at  all  noticeable  or  becomes  disagreeable  or  irritat- 
ing, the  rate  of  generation  should  he  reduced. 

A   large  amount  of  valuable  data  has  been  collected  on  the 
beneficial  effects  of  ozone  in  the  treatment  of  certain  diseases.     The 
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following  extract   from  "llijji   Frequenc)    Manual"  by  Eberhart  is 

interesting: — 

"Ozone  in  nation  <>t"  the  blood   and  tissues,  increasing 

oxyhemoglobin  and  ah  ■  incn  ising  I   1    number  of  red  blood  corp  It 

laimed  thai  a  decrease  in  white  blood  corpu  produced,  if  1 

.  I-  normal.  In  .1  strong))  concentrated  form,  ozone  is  destructive  in 
its  effect  on  mucous  membrane,  and  •  life  itself.    Germs  are  destro 

l>>   it  and  it  has  been  shown  capable  of  so  thorough!)    disinfecting 
that  the  filtered  water  was  pronounced  suitable  for  drinking  purposes      It  is 
distinct!)   deodoranl     even  .1  small  ozonizer  running  in  a  room  will  quickly 
destro)  the  most  objectionable  odors. 

"In  a  Chicago  bank  an  ozone  machine  was  placed  in  a  room  \\ 
employees  wire  working.     Their  weight   and  chest   expansion   was  taken  at 
the  time  the  machine  was  installed,  and  again  in  sixt)   days.     The  result  is 
shown  m  Table  I. 

"Indications     In  one  sense  of  the  word,  since  ntial,  it 

'it  easily  be  claimed  that  ozone  is  indicated  in  any  bodily  ailment,  and  I 
am  of  the  opinion  that  its  inhalation  would  be  beneficial  to  the  extent  that 
pure  air  would  be  desirable,  but  there  are  some  disease-,  in  which  it  is  nf  par- 
ticular benefit.       \.mong  these  are  anemia;  all  disea  piratory  or- 

1  \  1 : 1  1 :    1. 
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gans,  including  tuberculosis;  infectious  diseases;  and  all  conditions  where 
there  is  imperfect  oxidation  and  impaired  nutrition.  An  ozone  spray  has 
been  demonstrated  to  be  healing  in  all   forms  of  ulcers,  etc. 

"Methods  of  Administration      Vs  ordinarily  employed,  ozone  is  admin- 
red  in  the  form  of  inhalations  in  the  physician's  office,  or  by  ozonizing 
the  air  of  the  room   which  the  patient  occupies.      In   employing   the  ozone 
directly  from  the  generator,  it  has  been   found  necessary  to  filter  it  through 
ntial  oils  in  order  to  remove  the  nitrous  and  nitric  oxides.*     <  >il  of  pine 
needles,  two  parts,  and  oil  of  eucalyptus  one  part,  is  a  favorite  form.  In  many 
instances   it    seems   to  me  to   be   much    more   sensible  to  administer   constantly 
•lized   air  than   to  depend  upon  occasional   inhalations.      This   is   especially 
true  in  consumption." 

Effect  mi  Nutrition-  The  following  is  taken  from  reports  by 
Doctors  L'Abbe  and  <  >udin  before  the  Paris  congress  for  the  study 
of  tuberculosis : — 

"We  investigated  the  iraluer.ee  of  ozonized  air  on  nutrition  in  general, 
and  especially  in  anemia  (impaired  blood)  or  persons  physically  reduced. 
When  the  percentage  of  oxyhemoglobin  is  below  normal  (say  a  or  to  per- 
cent), as  is  usually  th<  with  tuberculosis  patients,  inhalation-  of  ozon- 
ized air  for  a  quarter  of  an  hour  increase  it  by  one  percent.  The  incn 
temporary   at   first,   becomes   permanent   after   a   number  of  treatments,   and 
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♦This   is   based   on   the   assumption   that   a   form   of   appara  1   in 

which  the  ozone  is  generated  in  high  concentration,  and  the-  .mains 

nitric  and  nitrous  oxides.  Such  types  have  been  used  more  or  less  in  times 
past  by  physicians  for  administering  ozone  to  patients  by  direct  breathing 
through  tubes.  This  statement,  therefore,  does  not  necessarily  apply  in  the 
case  of  generators  producing  pure  ozone. 
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..iie  can  affirm  that  at  the  end  of  two  or  three  weeks'  treatment,  the  patient 
lias  reached  a  normal   figure. 

"This  is  necessarilj  accompanied,  in  the  case  of  anemic  patients  by  more 
energetic  oxidation,  more  rapid  combustion,  which  calls  for  more  rapid  re- 
newal   of   nutritive    materials    (increased   metabolism),    and    from    this    there 

dily  arises  an  increase  in  appetite,  which  in  some  patients  takes  the  form 
demand  for  food  such  as  has  been  hitherto  unknown  to  them,  with  re- 
turn   of    strength,    disappearance   of    complications,   in    short,     restoration     to 

health.  ,    ,              ,      , 

••(.tut  of  a  number  of  patients  weighed  he  tore  and  after  treatment,  in- 
cluding those  in  all  stages  of  tuberculosis 

One     gained     1.1   lbs.  six     gained      3.3   lbs. 

Tin..          •'          4.4     "  Two            "          2.5     " 

One           -         6       "  One           "         0.6    " 

Two           "         7.7    "  Three        "         8.8    " 

(.no             "          9.0     "  "tie             "        11.       " 

l„„           "       15.2    "  One            "       19.9    " 

One            •<       23.1     "  Two    remained    stationary. 

"With  the  return  of  flesh  there  was  a  corresponding  increase  in  oxyhemo- 
globin, as  follows : 

Two      gained   1         percent  Ten      gained  3         percent 

Five         "  \Vz  "  One  "  3% 

Four         "  2  "  Six  "  4 

ZV*  "  One  "  5 

Four    were  not    examined. 

In  view  of  the  reputation  and  standing  of  the  physicians  mak- 
ing this  report,  more  than  ordinary  consideration  should  be  ac- 
corded the  statements. 

Dosage — It  is  claimed  that  large  amounts  of  ozone  are  capable 
of  producing  death,  and  that  rabbits  have  succumbed  in  ten  min- 
utes in  an  atmosphere  containing  eight  milligrams  of  ozone  to  the 
litre.  The  proper  proportion  for  therapeutic  inhalation  is  one,  two 
or  three  milligrams  to  the  litre.  Inhalations  given  in  a  physician's 
office  last  from  ten  to  twenty  minutes  and  may  be  repeated  frequent- 
ly. The  indications  that  the  patient  has  had  sufficient  dose  is  usually 
a  slight  sensation  of  lightheadedness. 

Tuberculosis  of  the  Lungs — Ozonizing  the  air  of  the  patient's 

room  is  the  best  method  of  employing  ozone  in  this  disease.     H.  de 

la  Coux,  chemical  expert  to  the  Council  of  the  Perfecture  of  the 

Seine,  Paris,  says  : — 

"In  the  application  of  ozone  for  tuberculosis,  it  is  an  undeniable  clinical 
fact  that  the  number  of  bacilli  in  the  sputum  diminishes  after  the  second  or 
third  treatment,  even  before  the  general  condition  of  the  patient  is  im- 
proved." 

Dr.   George  Stoker,  of  the   London  Throat  Hospital   and  the 

Stoker  Oxygen  Hospital,  reports  nine  cases  of  tuberculosis  treated 
within  a  year  at  the  latter  hospital,  of  which  eight  were  discharged 
with  the  disease  definitely  arrested. 

"In  advanced  cases  with  cavities  and  much  expectoration,  I  think  there 
is  no  means  of  so  much  use  as  inhalation  of  ozone.  It  empties  the  lungs  of 
detritus  (products  of  disintegration)  and  pus,  revivifying  the  blood,  disin- 
fecting the  parts  of  the  lungs  reached,  and  after  the  first  irritation  of  its 
use  has  passed  off,  there  is  nothing  that  gives  the  lungs  the  sense  of  rest 
and  quiet  as  does  this  agent.     I  have  seen  the  quantity  of  sputum  lessened  to 
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a  mosl   remarkable  degree,  and   fever  disappear,  and  all  symptoms  impi 
by  the  use  of  ozone  inhalations." 

Sletoff  has  treated  i-\~  cases  of  tuberculosis  with  ozone  with 
favorable  results. 

Anemia  and  Chlorosis  In  a  paper  read  before  the  American 
Pediatric  Society,  Boston,  I  >r.  \.  Caille  reports  the  favorable  in- 
fluence  of  ozone  in  a  number  of  cases  of  chlorosis  and  anemia,  as 
well  as  other  diseases,  and  in  his  conclusion  says:  — 

"In   chlorosis   and   anemia,   ozone   inhalations   ar<  dingly   valuable 

from  a  therapeutic  standpoint,  and  give  better  and  prompter  results  than 
any  other  form  of  medication." 

Chronic  Middle-liar  Deafness  and  Tinnitus  Dr.  Stoker  has 
published  a  series  "t"  twelve  cases  of  chronic  dry  catarrh  of  the 
middle  ear  with  deafness  and  in  nearly  all  with  tinnitus  (roaring 
of  tin-  ear),  which  were  treated  with  an  ozone  spray.  Improve- 
ment, sometimes  remarkable,  occurred  in  every  case.  The  tech- 
nique consisted  in  passing  the  ozone  "in  a  gentle  current  through 
an  eustachian  catheter  into  the  middle  ear  \<>r  aboul  four  minutes 
at  a  time,  the  operation  being  repeated  several  times  a  week',  daily 
if  possible." 

Whooping  Cough  (Partussis) — The  efficacy  <>f  ozone  in  treat- 
ing whooping  cough  has  been  attested  by  many  authorities.  In 
practically  all  of  these  cases  the  ozone  was  administered  in  ten  to 
twenty-minute  inhalation.-.  <  Izonizing  the  air  in  the  patient's  room 
should  prove  a  better  method.     L'Abbe  says: — 

"My   persona]  experience  r   ioo  c;m^.      In  all.  I   have  ob- 

tained amelioration,  prompt  and  rapid  at  first,  and  later  a  complete  cure  in 
a  time  ordinarily  covered  by  a  very  light  attack.  Ozone  is  the  remedy  par 
excellence  for  whooping  cough." 

Asthma,  Bronchitis  and  Hay  Fever  are  benefited  or  cured  by 
ozone.  Inhalations  combined  with  ozonization  <>f  the  air  of  the 
room  is  the  method;  the  latter  being  more  efficacious.  Hay  fever 
victims  have  found  that  the  use  of  a  room  ozonizer  constantly  for 
two  or  three  month-  prior  to  the  expected  attack  has  prevented  the 
latter  from  coming  on.  During  the  attack  inhalations  have  given 
great  relief. 

(  0M  MERCIAL    USES  OF   OZONE 

The  many  possibilities  which  have  been  predicted  for  the  use 
of  ozone  in  commercial  processes  are  amazing.  These  uses  are 
fast  increasing  as  more  widespread  knowledge  and  greater  experi- 
ence are  gained  regarding  its  properties.  In  many  of  these  applica- 
tions, special  types  of  ozone  generatoi  iuld  have  to  he  used. 
The  production  of  ozone  in  more  concentrated  form  would  prob- 
ably he  required,  hut  this  might  not  be  open  to  the  objection  which 
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arises  in  the  case  of  the  physiological  uses  of  ozone,  viz..  the 
product  of  harm ful  by-product  nitrogen  compounds  when  so  gen- 
erated. The  sterilization  o\  air  and  water  are  probably  among  the 
most  important  uses  <>\  ozone,  but  in  addition  may  be  mentioned 
the  following,  many  of  which  are  in  use  commercially: — 

Preserving  of  food  products  in  storage  rooms;  the  growth  of  mold  and 

fungi  is  prevented. 
Bleaching  of  flour,  sugar,  starch,  woolen  and  cotton  goods,  and  feathers. 
Treatment  of  oils  by  ozone  destroys  bad  odor  and  rancidity. 
Bad  odors  and  tobacco  smoke  arc  quickly  destroyed  by  ozone. 
Operating  rooms,  bandages,  instruments,  etc.,  may  be  sterilized  and  kept 

sterile. 
The  oxidation   of   paints,  oils   and   varnishes  is  hastened. 
Sewage  can  be  purified. 
Laundry  work  can  be  made  to  smell   fresh  and  clean,  and  be  entirely   free 

from  the  usual   laundry  odors. 
Kitchen-,  cellars,  storage  rooms,  etc.,  can  be  rendered  odorless. 
Water   for  swimming  pools  may  be  sterilized. 

The  purification  of  water  and  air  by  means  of  ozone  has  come 
into  more  extended  use  in  Europe  within  the  past  few  years  than 
in  the  United  Slates.  Recently  the  "Tuppenny  Tube"  of  the  Central 
London  Kail  way  has  been  equipped  with  ozone  ventilating  plants  at 
each  station,  where  air  is  drawn  in  from  the  outside,  filtered  and 
ozonized  and  delivered  to  the  tube.  The  average  plant  delivers 
from  5  500  to  7  500  cubic  feet  of  air  per  minute  ;  there  are,  however, 
two  of  these  plants  which  deliver  12000  and  20000  cubic  feet  per 
minute,  respectively.  Altogether  over  So  000000  cubic  feet  of 
ozonized  air  is  pumped  into  the  tunnels  daily.  Tests  in  this  installa- 
tion have  proven  very  satisfactory  and  have  shown  the  air  to  be 
greatly  improved.  Previous  to  installing  this  ozone  ventilating 
stem  it  was  found  impossible  to  get  a  satisfactory  condition  of 
air  by  the  exhaust  system  which  had  been  in  use  for  the  past 
eleven  years. 

Ozone  has  been  used  with  great  success  by  many  cities  in 
Europe  for  the  purification  of  the  city  water  supply.  The  following 
European  cities  have  ozone  water  purification  plants: — 

Petersburg,    Paderborn,     Wiesbaden.    Paris,    Hermanstadt,  Florence, 
Xice.  Charms.   Villet'ranche,  Rovigo  ami  Chemnitz.     The  City  of  St.  Peters- 
burg  is    supplied    from   two   plants    aggregating    12500000   gals,    daily.     Two 
•;e  plants  have  been  installed  near  Paris  with  a  daily  output  of  i_>  000  000 
gall 

The  fact  that  the  above  mentioned  large  plants,  for  the  purifi- 
cation of  air  and  water,  have  recently  been  installed,  after  several 
years'  experience  and  the  accumulation  of  valuable  data  from  a 
large  number  of  plants  of  various  capacities,  indicates  that  ozone 
is  destined  to  soon  become  an  important  factor  in  many  commercial 
processes  as  well  as  in  the  purification  of  air  and  water. 
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P1  >WER  for  cit)  lighting  can  be  produced  mosl  economically 
in  large  central  stations  with  large  generators  operating  in 
parallel  on  common  bus-bars.  Usually  the  area  supplied 
with  power  is  large  and  for  convenience  is  divided  up  into  small 
districts  which  arc  fed  b)  individual  feeders.  The  variation  in 
voltage  at  the  end  of  a  long  feeder  ma)  be  considerable,  due  to 
change  in  voltage  drop  in  the  line  with  decrease  or  increase  in  load. 
The  mosl  satisfactory  method  of  maintaining  a  uniform  voll 
over  the  entire  system  under  all  conditions  of  load  is  b)  the  use 
of  an  individual  automatically  controlled  regulator  on  each  feeder. 
These  arc  usually  installed  in  the  generating  station,  but  frequently 
in  very  large  systems  they  arc  installed  in  sub-stations.  In  the 
latter  case  power  is  transmitted  at  a  high  voltage  from  the  gen- 
erating station  to  a  number  of  sub-stations  where  it  is  stepped 
down  to  a  comparativel)  low  voltage.  It  is  then  distributed  to  the 
surrounding  districts  by  mean-  "i  feeder-,  the  respective  voltages 
of  which  are  controlled  by  automatic  regulators.  The  regulators 
in  this  case  nol  only  take  care  of  the  drop  in  the  feeder-,  but  also 
compensate  for  any  variation  in  the  sub-station  voltage  due  to  a 
drop  in  transmission  from  the  main  power  house. 

Formerly  it  was  sometimes  attempted  to  obtain  uniform 
voltage  over  the  entire  distributing  system  by  the  use  of  multiple 
busses  obtained  either  by  taps  brought  oul  from  the  generator 
windings  by  mean-  of  auto-transformers,  or  by  separate  generators. 
\-  the  load  increased,  the  large  feeders  were  transferred  to  the 
busses  having  a  higher  voltage.  This  method  had  the  objection 
that  it  complicated  the  switchboard  and  station  wiring.  Very  close 
voltage  adjustmenl  could  nol  be  made,  as  usually  only  two  or  at 
the  mosl  three  voltages  were  available.  This  method  also  made  it 
necessary  to  interrupt  the  power  for  an  in-tant  while  throwing 
from  one  bus-bar  to  another.  It  was  also  impossible  to  take  care  ol 
sudden  or  frequent  variations.  Due  to  the  increasing  popularity 
of  the  electric  motor,  power  companies  found  their  power  load  con- 
stantly increasing  and  the  power-factor  correspondingly  deer. 
ing.  There  was  also  a  tendency  to  increase  the  average  length  of 
feeder  circuits  to  take  care  of  the  outlying  urban  district-.  Both 
these  tendencies  had  a  detrimental  effect  upon  the  inherent  voltage 
regulation   of    feeder  circuits   and   had   to  he   taken    in''  >unt   by 

the  power  companies. 
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It  is  now  recognized  that  the  most  satisfactory  and  efficient 
method  is  to  operate  at  a  single  voltage  with  all  generators  in 
parallel.     This  requires  the  use  of  individual  feeder  regulators  in 

order  to  maintain  a  high  standard  of  service 
throughout  the  system.  Step  type  regula- 
tors are  quite  satisfactory  for  hand  opera- 
tion, as  they  are  usually  not  operated  very 
frequently.  When  adapted  for  automatic 
service  they  hecome  more  complicated,  due 
to  the  increased  number  of  steps  required. 
When  automatically  controlled  they  operate 
much  more  frequently  than  when  controlled 
by  hand,  and  the  question  of  repairs  and 
contact  renewals  becomes  of  increasing  im- 
portance. 


FIG.  I — SINGLE-PHASE,  OIL- 
I  N  S  ULATED,  SELF-COOLED 
INDUCTION    REGULATOR 

Practically  all  regula- 
tors recently  installed  are 
of  the  induction  type. 
Their  superiority  is  due 
to  their  greater  simplicity 
and  to  the  absence  of 
moving  contacts  upon 
which  burning  can  take 
place.  A  modern  single- 
phase  induction  regulator 
is  shown  in  Fig.  I.  A 
view  of  the  regulator 
removed  from  its  tank  is 
shown  in  Fig.  2. 

The  tank  is  of  the  sheet  iron  "cast  in"  type,  which  has  proven 
so  successful  for  transformers;  the  walls  are  of  corrugated  sheet 
iron  and  are  welded  by  means  of  the  oxy-acetylene  flame.     The 
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top  and  bottom  are  cast  around  die  ends  of  the  tank  walls  insuring 
a  tank  free  from  leaks.  The  magnetic  circuil  is  l>uilt  up  in  a  shod 
skeleton  frame  to  which  the  top  and  bottom  brackets  are  bolted. 
The  t<>|>  cover  is  also  bolted  to  the  top  bracket. 


,  SELF-CO01 

INHi-i  I  (ON    Rl  G1  LATOS 

Certain  features  of  design  may  be  seen  by  reference  to  Fig.  3, 
which  shows  the  rotor  removed  from  the  stator.  The  partially 
closed  slots  into  which  the  short-circuit  coils  are  wound  have  a 
marked  influence  on  the  performance  of  the  regulator.  They  re- 
duce the  magnetizing  current  very  materially,  and  also  reduce  the 
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FIC.    4 — SECTIONAL    VIEW    OF    SINGLE-PHASE    REGULATOR    WITH    KOTOB    IN    POSITION 

OF   MAXIMUM    BOOST 

Practically  all  the  flux  produced  by  the  primary  or  rotor  windings  pass- 
es through  the  series  or  stator  coils. 

torque  required  to  turn  the  rotor,  as  they  practically  eliminate  mag- 
netic locking  action  between  the  rotor  and  stator  teeth.  Xo  band- 
ing wire  is  used  on  the  rotor  as  all  coils  are  held  in  place  by  means 
of  fibre  wedges  driven  into  grooves  near  the  top  of  the  slots. 
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A  horizontal  section  of  the  magnetic  circuit  of  the  regulator 
is  shown  in  Fig.  4  with  the  rotor  in  the  position  of  maximum 
boost.  Practically  all  the  magnetic  flux  produced  by  the  primary 
or  rotor  winding  passes  through  the  stator  winding  and  induces  a 
voltage  in  the  stator  winding.  The  rotor  is  shown  in  its  neutral 
position  in  Fig.  5:  in  this  position  the  flux  produced  by  the  pri- 
mary windings  lias  no  effect  upon  the  secondary  windings.  If  in 
this  position,  the  line  current  is  flowing  in  the  secondary  winding, 
this  winding  will  also  act  as  a  magnetizing  winding  and   will  tend 
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FIG.    5 — SECTIONAL    VIEW    OF    SINGLE-PHASE    REGULATOR    WITH     ROTOR     IX     MID 

OK    NEUTRAL    POSITION 

None  of  the  flux  produced   by   the   primary  or    rotor    windings    passes 
through   the  series  or   stator   coils.     The  dotted   lines   represent   the   flux   pro- 
duced by  line  current  in  tin    series   windings,  which  is  practically  all  neutral- 
i  by  the  short-circuited  windings  in  the  partially  closed  slots. 

to  send  a  magnetic  flux  through  the  secondary  windings  and 
through  the  short-circuited  coils.  As  the  resistance  and  reactance 
of  tite  short-circuited  coils  are  very  low,  only  a  small  flux  is  re- 
quired to  induce  enough  current  in  the  short-circuited  coil-  to  prac- 
tically neutralize  the  magnetizing  action  of  the  secondary  current 
It  i-  in  this  way  that  the  short-circuited  coils  prevent  an  excessive 
choking  action  of  the  line  current  in  the  secondary  when  the  regu- 
lator i-  in  the  mid  position.  The  sh<  rt-circuited  winding  is  used 
only  for  the  purpose  of  preventing  this  choking  action  ;  but  its  use  is 
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essential,  as  otherwise  the  self  induction  would  be  so  great   as  to 
make  the  regulati  »r  inoperath  e. 

The  rotor  is  turned  by  means  of  a  worm  segment  and  worm 
mounted  respective!)  <>n  the  shaft  and  t"|>  cover  of  the  regulator. 
When  the  regulator  is  automatically  controlled,  it  is  operated  by 
means  of  a  motor  and  the  motor  must  be  provided  with  an  efficienl 
brake.  (  me  of  the  essential  requirements  of  an  automatic  regulator 
is  that  it  be  stopped  immediately  after  it  has  brought  the  volt; 
to  its  normal  value.  If  the  motor  drifts  to  any  greal  extent  and 
the  regulator  over-travels,  hunting  is  liable  to  result.  \  regulator 
motor  must  sometimes  stand  the  most  severe  service  to  which  any 

mi  ti >r  is  put.  Ii  is  com- 
mon for  a  regulator  mo- 
tor t<  start  and  stop  five 
or  six  times  a  minute, 
.iiid  there  are  installa- 
tion'-, on  lighting  cir- 
cuits fed  from  gener 
ators  which  also  supply 
a  railway  load,  where 
the  ni' >tor  is  required  t«» 
start  and  stop  as  often 
a-  thirty  times  a  minute. 
For  the  early  auto- 
matic regulators,  t  li  e 
motors  and  brakes  were 
built  along  the  lines 
usually  f<  >llowed  for 
small  power  apparatus. 
Inn  it  was  found  that 
for  severe  service  the 
life  of  tliis  apparatus 
was  comparatively  short.  A  motor  and  brake  specially  de- 
signed for  use  with  regulators  is  illustrated  in  Fig.  6.  All 
loosely  supported  magnel  armatures,  toggle  joints,  connecting  links. 
etc.,  arc  eliminated.  The  brake  proper  consists  essentially  of  five 
parts,  shown  in  Fig.  ~.  Half  the  magnetic  circuil  and  one  brake 
shoe  arc  combined  into  one  piece  and  rigidly  riveted  together,  and 
supported  by  a  hardened  pin  which  is  pressed  into  and  forms  an 
integral  part  of  the  motor  bracket.  The  operating  coil  is  wound 
on  a  brass  spool  which  is  firmly  attached  to  a  projecting  ln^r  on 
the  motor  bracket.      The  brake  wheel  is  attached  to  a  tapered  end 


FIG.    6     OPERATING    MOTOR    AND    ELECTRICALLY 
rROLLED,    SPRING    OPERATED    BRAKE    FOR 
INDUCTION    REGULA  i 
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of  the  motor  shaft  and  is  held  in  place  with  a  key  and  mil  with 
positive  look  washer,  following  the  standard  practice  used  in 
mounting  pinions  on  street  railway  motors.  The  only  holts  or 
screws  used  in  the  construction  of  the  brake  are  those  for  support- 
ing the  magnel  coil,  and  they  are  provided  with  positive  lock 
washers. 

This  design  permits  the  use  of  an  extremely  small  travel  for 
the  magnet  armature  and  brake  shoes,  and  a  very  rapid  action  of 
the  brake  is  thus  secured.  The  small  travel  also  reduces  the  wear 
of  the  moving  parts  to  a  minimum.  Special  features  have  also 
been  embodied  in  the  motor  design  which  makes  it  peculiarly 
adapted  for  rapid  and  frequent  starting  and  stopping.  The  shaft 
is  larger  in  diameter  than  is  usual  for  a  motor  of  this  size.  (  )il 
ring  bearings  are  provided.  The  pinion  is  attached  to  the  shaft  in 
the  same  manner  as  the  brake  wheel. 


5i> 


FIG.    7 — OPERATIXc;    MOTOR   AND   BRAKfc 

With  brake  completely  dismantled  to  show  small  number  of  parts. 

In  order  to  bring  out  any  defects  which  might  develop,  one 
of  these  motors  with  its  brake  was  subjected  to  a  very  severe  life 
test.  The  motor  was  operated  by  means  of  a  standard  auxiliary 
relay  and  the  relay  was  controlled  by  means  of  a  contact-making 
device  so  that  72  starts  and  stops  were  made  per  minute.  This 
gave  sufficient  time  for  the  motor  to  come  up  to  speed  and  also 
time  for  it  to  be  stopped  by  the  action  of  the  brake  before  current 
was  again  thrown  on  in  the  reverse  direction.  This  motor  was  in 
continuous  operation,  day  and  night,  for  over  nine  months  and 
made  approximately  25  000  000  operations.  No  repairs  were  made 
and  no  attention  was  given  the  motor  except  to  oil  it  occasionally. 
Although  this  test  represents  the  equivalent  of  approximately  ten 
years  average  service,  the  brake  shoe  linings  showed  practically 
no  signs  of  wear,  and  no  defects  of  any  sort  were  discovered. 
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\   limit   switch   is   mounted  on   motor-operated   regulators   to 
prevenl  over-travel  of  the  regulator.     The  limit  switch  i  on- 

structed  that  when  the  regulator  reaches  the  end  of  it  ^  travel  the 
power  of  the  motor  is  cut  off  and  further  movement  in  the  same 
direction  is  prevented,  but  no  interruption  in  power  is  made  if  the 
motor  is  operated  in  the  opposite  direction. 

For  the  automatic  control  of  .1  feeder  regulator  there  are  re 
quired,  a  primarj   relaj  1  r  contact-making  voltmeter  with  in  sei 
resistance  and  the  necessary  voltage  transformer,  an  auxiliary  relay 
or  motor  switch,  and  a  line  drop  compensator  with  a  suitable  cur- 
rent  transformer.     A  primary  relay,  as  shown  in   Fig.  8,  consists 

entiall)   of  a  solenoid  in   which  is  suspended  a 
plunger  which  controls  two  1   contacts.     At- 

tached to  the  moving  element  is  a  small  auxiliary 
armature  which  is  acted  upon  by  two  auxiliary 
roils  known  as  compounding  coils.  When  contact 
is  made  in  the  relay,  current  flows  to  one  of  the 
auxiliary  relay  coils  and  also  t<»  one  of  the  com- 
pounding coils.  This  compounding  coil  attracts  it- 
armature  and  increases  the  pressure  on  the  eon- 
tart-  just  at  the  instant  ci  ntact  is  made.  When 
the  contacts  open  the  circuit  to  the  auxiliary  relay, 
the  current  in  the  compounding  coil  is  also  inter- 
rupted and  the  small  additional  pressure  due  to  the 
compounding  coil  is  eliminated  ju>t  at  the  in-taut 
the  contact-  separate.  These  compounding  coils 
cayse  the  contacts  to  open  and  close  positively  and 
[mary  'his  eliminates  chattering.  They  prevent  the  mak- 
ing 1  t"  a  succession  of  poor  contacts,  which,  if  not 
This    is    in  111  1  1  •  11 

feet  ;i  contact-  prevented,  would  cause  abnormal  arcing  and  hum- 
making  voltme-  ing  and  sometimes  "freezing"  of  the  primary  relay 
contact-.  The  climinaton  1  f  chattering  is  extremely 
important  since  any  useless  operation  of  the  primary  relay  is  trans- 
mitted to  the  auxiliary  relay,  motor  and  brake,  which  causes  un- 
necessary wear  and  tear  on  all  the  apparatus.  Compounding  coils 
also  SO  affect  the  operation  of  the  relay  that  there  i-  a  greater 
tendency  for  the  voltage  to  he  held  at  the  exact  normal  value  than 
at  the  maximum  or  minimum  value  for  which  the  relay  is  set.  In 
ca<e  of  a  gradually  increasing  voltage,  a  relay  without  compound- 
ing coils  tend-  to  hold  the  voltage  at  the  maximum  value  for  which 
it  is    set.    while    with    a    gradually    decreasing    voltage    there    is    a 
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tendency  for  the  voltage  to  be  held  a1  the  minimum  value.     This 
is  shown  more  clearly  by  moans  of  Figs.   co,  11  and  12. 

Assume  a  circuit  upon  which  the  voltage  gradually  raises  from 
a  normal  value  of  110  up  to  112  volts,  remains  at  that  point  for  a 
short  time  and  then  gradually  decrease  to  [08  volts,  as  shown  in  the 
curve  Fig.  id.  Figs.  11  and  u  show  the  voltage  curves  obtained 
with  regulators  on  this  circuit  controlled  respectively  by  relays 
without  and  with  compounding  coils,  if  the  relays  in  both  eases 
are  adjusted  to  operate  on  a  variation  of  one  volt  pins  or  minus 
from  a  normal  pressure  of  110  volts.  Referring  to  Fig.  1  1,  as  soon 
as  the  voltage  reaches  1  1  1  the  relay  makes  contact  and  the  regulator 
reduces  the  voltage,  but  as  soon  as  voltage  is  reduced  very  slightly 


I  [G.  Q — AUXILIARY  RELAY 

With  cover  removed. 

below  in  the  relay  contacts  open  and  stop  the  regulator.  As  the 
voltage  is  gradually  increasing  it  again  reaches  1  1  1  and  the  regu- 
lator again  operates  and  reduce-  the  voltage  just  slightly  below  1  1  1. 
Referring  to  Fig.  12,  when  the  voltage  reaches  III,  causing  the 
relay  contacts  to  close  and  the  regulator  to  start,  the  eon- 
tacts  do  not  open  immediately  after  a  slight  voltage  reduction  is 
made,  because  the  compounding  coil  is  energized  and  the  strength 
of  this  coil  i^  such  that  the  voltage  must  be  reduced  approximately 
0.5  volt  before  the  contact-  can  open.  This  permits  the  motor  on 
the  regulator  to  come  up  to  speed  so  that  it  will  then  drift  slightly 
and   return  the   voltage  practically  to  the  exact  normal   value.     A 
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stud}  of  the  two  curves  will  show  thai  the  average  variation  from 
normal  is  much  less  when  compounding  coils  are  used  than  when 
they  are  omitted.  It  can  also  be  seen  thai  better  regulation  is 
obtained  with  fewer  operations  of  the  relays  and  regulator. 

\>  the  primary  relay  is  essentially  a  voltmeter,  it  is  not  suitable 
for  the  operation  of  contacts  for  the  control  of  the  motor,  and  ac- 
cordingly an  auxiliary  relay,  such  as  shown  in  Fig.  <i.  becomes 
necessary.  This  relay  consists  essentially  of  two  clapper  type 
electro  magnetic  switches  similar  to  those  used  for  the  control  ol 
large  power  mot<  rs,  excepl  that  they  arc  particularly  designed  for 
regulator  service.     Each  switch  consists  of  a  magnel  riveted  to  a 

supporting  frame  which  also 
supports  the  bearing  pin  for 
the  arature.  The  two  frames 
arc  mounted  mi  a  slate  base 
and  are  connected  by  a  cast- 
ing which  also  supports  the 
interlocking  bar.  The  arma- 
ture punchings  are  riveted  to 
a  phosphor  bronze  casting 
which  is  supported  by  the 
bearing  pin  in  the  supporting 
frame.  Two  insulated  con- 
tacts are  mounted  on  a  cross- 
arm    attached    to    each    arma- 
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Fig.   ii       Vssumed  lAne  voltage.    Fig.  n 

— Voltaj          tained  with  regulator  oper-  Mu'     m"Nt     regulators    are 

ated    from   relay    wv            impounding  used   in  connection   with  out- 

coils.  Fig.  12 — Voltage  obtained  with  rej  r      i           r    i     r 

ulator  operated  from  relay  equipped  with  g°mg     feeders     fed     h""ni     a 

compounding  c. «ils.  common     set     of     bus-bars, 

where  it  is  necessary  to  ad- 
just each  feeder  independently  in  order  to  take  care  of  the 
line  drop  in  each  feeder  under  various  load  conditions.  A  com- 
pensator is  therefore  necessary  in  order  that  the  relay  may  be  so 
affected  that  it  will  increase  the  voltage  of  the  feeder  in  proportion 
to  the  increase  in  load  and  thus  maintain  a  constant  voltage  at  the 
center  of  distribution.  The  compensator  is  connected  to  a  current 
transformer  and   in    series   with   the   primary   relay   and   is   so   de- 
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signed  that  a  voltage  proportional  to  the  current  is  induced  in  the 
relay  circuit  consisting  of  the  primary  relay  coil  and  the  relay  re- 
sistance. Connections  are  so  made  that  this  small  induced  voltage 
opposes  that  of  the  voltage  transformer  and,  as  the  load  increases, 
the  regulator  automatically  raises  the  voltage  more  and  more.  Fig. 
13  shows  a  complete  diagram  of  connections  for  an  automatically 
controlled  motor-driven  induction  regulator. 


To  MoM» 
Control  Circuit 


Auxiliary  Relay 
or  Motor  Switch 


FIC.    13 — DIAGRAM   OF  CONNECTIONS   FOR   SINGLE-PHASE    INDUCTION   REGULATOR   AND 
ITS    AUXILIARY    APPARATUS    FOR    AUTOMATIC    CONTROL 

With  high  voltage,  the  left  hand  contacts  close  at  M  and  current  flows 
from  19  through  lower  compounding  coil  /,  through  P-14  to  5,  and  also  flows 
from  19  to  D,  and  through  the  secondary  relay  coil  Z-14  to  5.  The  secondary 
relay  then  closes  M-12  and  15-14,  and  starts  the  motor,  which  operates  the 
regulator  to  reduce  the  voltage. 

With  low  voltage,  the  right  hand  contacts  close  at  N,  and  current  flows 
through  the  upper  compounding  coil  /,  and  also  through  the  secondary  relay 
coil  X-11.  The  secondary  relay  then  closes  16-11  and  N-13,  and  starts  the  mo- 
tor in  a  reverse  direction,  which  operates  the  regulator  to  raise  the  voltage 
to  normal. 

When  the  rotor  of  the  regulator  turns  in  a  clockwise  direction  to  the 
extreme  position,  the  limit  switch  opens  the  connections  hetween  5  and  //  and 
between  6  and  13.  When  in  the  extreme  clockwise  position,  the  connections 
between  5  and  14  and  between  6  and  12  are  opened. 

It  is  sometimes  desirable  to  use  a  "no-voltage"  relay  whose 
function  is  to  bring  the  regulator  to  the  maximum  buck  position  in 
case  the  voltage  goes  off  the  line.  Without  this  relay,  if  the  power 
goes  off  the  line  and  if  the  current  to  the  operating  motor  circuit 
is  not  also  interrupted,  the  primary  relay  will  act  in  the  same  way 
as  for  any  reduction  in  voltage  and  will  bring  the  regulator  to  the 
maximum    boost    position.      When    the    full    voltage    again    comes 
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on  the  line  an  excessive  voltage  may  be  produced  on  the  regulated 
side  of  the  circuit,  but  it  will  be  corrected  almost  immediately  by 

means  of  the  primary  relay. 
A  "no-voltage"  relaj  consists 
of  a  -  li  u  u  t  electn  imagnel 
which  is  energized  by  the 
\  ol t age  transformer  a  n  <1 
which  controls  two  sets  <>f 
contacts.  Althi  iugh  m  it  shown 
in  Fig.  13,  its  operation  can 
be  understood  by  referring  to 
this  diagram.  The  circuit  rp 
to  the  primary  relay  is  made 
to  pass  through  one  set  of 
contacts  which  is  normally 
closed.  If  the  electromagnet 
i-  deenergized  this  set  of  con- 
tacts opens  and  the  other  set 
closes  and  connects  10  direct- 
ly to  D.  This  brings  the 
rotor  to  the  maximum  buck 
position,  and  if  the  power  is 
again  connected  to  the  line  no 
excessive  voltage  is  obtained. 
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F1CS.     14     AND     IS — CURVE    TRACING     V0LT- 

MKT1K   CHARTS 

14 — Taken  on  single-phase  light- 
ing circuit   fed  from  an   intcrurhan  rail- 
power  system. 
Fig.    15 — Taken   on    the   same   circuit 


COMMERCIAL     IMPORTANCE    OF 
CLOSE  VOLTAGE  REGULATION 

The  maintenance  of  con- 
stant potentials  on  distribut- 
ing systems  not  only  indirect- 


js-  ,££■».  ws  •>•  »roduces  more  rcvenue  for 


regulator  controlled  by  automatic  relays 
and  operated  by  a  motor  which  m 
the  regulator  throughout  its  complete 
range  in  approximately  eighteen  seconds. 
Although  the  regulator  operated  at  a 
relatively  slow  speed,  very  satisfactory 
regulation  was  obtained,  notwithstand- 
ing  the   fluctuating    source   of   power. 


the  central  station  by  the  in- 
creased use  of  power  result- 
ing from  the  satisfactory 
sen  ice,  but  it  directly  in- 
creases   the    sale    of    energy 


and  results  in  a  very  con- 
siderable saving  in  the  cost  of  lamp  renewals.  Without 
automatic   regulation   it   is  very  probable  that  the  voltage   will   be 
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lowest  on  the  consumer's  circuit  just  at  the  time  that  he  needs  the 
largest  number  of  lights,  because  at  this  time  the  voltage  drop  in 
the  feeder  is  at  a  maximum.  When  it  is  remembered  that  for  a 
given  number  of  lights  the  power  consumed  varies  at  the  square 
of  the  voltage,  it  can  readily  be  seen  that  1<>\v  voltage  may  easily 
be  the  cause  of  a  considerable  decrease  in  power  consumption. 

When    individual    feeders    are    not    used    there    is    always    a 
tendency  to  adjust  the  voltage  for  average  conditions  so  that  a  con- 
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siderable  number  of  light-  must  be  operated  at  an  excessive  volt- 
age.   Idie  life  of  a  light  depends  very  decidedly  upon  the  voltage 

at  which   it  operates  and   d<  -   rapidly  as  the  voltage  is  in- 

creased. A  50  percent  decrease  in  the  life  of  a  lamp  with  a  four 
percent  increa-e  in  voltage  is  not  an  excessive  figure,  and  it  is  at 
once  apparent  that  a  considerable  saving  in  lamp  renewals  will  result 
if  a  constant  voltage  i-  maintained. 


CARE  AND  OPERATION  OF  TRANSFORA\ERS 

W    M    M  «  I  INAHI  » 

LVRGE  high-voltage  power  transformers  require  a  reasonable 
amount  <>t'  care  in  order  that  the)  may  give  satisf 
It  will  not  do  t"  install  such  transformers  and  put 
them  into  service  and  then  expect  them  t<>  operate  year  in  and  year 
out  with  practical!)  no  attention.  The  larger  the  size,  and  par- 
ticular!) the  higher  the  voltage,  the  more  important  it  becomes  that 
they  receive  careful  and  intelligent  inspection. 

Within  a   few  years  the  sizes  of  units  and  the  transmission 
voltages  have  increased  greatly,  so  that  a  uggestions,  particu- 

larly tn  operating  men,  <»n  the  care  and  operation  of  transformers 
■it  of  timely  importance.     It  is  the  intention  to  < K:il  mainly  with 
oil-insulated   transformers,   although   many  of   the   points   broughl 
out  will  apply  equally  to  the  air-blast  type. 

IN -i  LATION     VND   HE  VTING 

There  are  two  essentials  to  be  considered  in  the  design  of 
transformers,  namely,  insulation  and  heating.  There  are  other 
points  to  be  taken  into  account,  such  as  efficiency,  regulation 
adaptability  to  various  classes  of  service,  etc.,  but  the  only  practical 
effect  they  have  i-  t<  modify  the  proportions  of  the  design.  The 
insulation  must  '  I  quality,  of  sufficient  amount  and  properly 
distributed,  and  the  provisions  for  ventilating  the  windings  and 
dissipating  the  heat  must  be  such  a<  will  keep  the  temperature 
within  nable  limits.  Assuming  thai  these  conditions  have  been 
met  by  the  manufacturer,  the  operating  man  must  do  his  share 
towards  maintaining  the  insulation  in  g I  condition,  and  prevent- 
ing heating  by  prolonged  heavy  overloads.  With  intelli- 
gent and  systematic  care,  there  is  practically  no  end  to  the  life  of  a 
well-designed  modern  transformer. 

The  principal  insulating  material  used  in  transformer  manu- 
facture, known  as  "pn  r  "fuller-board,"  is  of  a  fibrous 
nature.  It  i-  made  up  in  large  sheets  varying  in  thickness  from  a 
few  mils  to  about  one-eighth  inch,  although  in  large  transformers  it 
generally  not  used  in  thickness  of  less  than  one-sixteenth  inch. 
It  i<  cut  and  formed  into  the  proper  shapes  and  assembled  with  the 
coils  so  as  to  give  the  necessary  dielectric  strength  in  the  various 
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parts.  From  this  it  is  seen  that  the  fuller-board  is  depended  upon 
to  furnish  the  insulation  between  the  various  parts  of  the  windings 
ami  between  the  windings  and  ground,  and  that  it  must  be  main- 
tained in  good  insulating  condition  if  the  transformer  is  to  have 
long  life  and  continue  to  operate  without  giving  trouble. 

Since  fuller-board  is  of  a  fibrous  nature,  it  has  a  tendency  to 
absorb  moisture.  No  satisfactory  method  has  yet  been  devised  for 
treating  the  fuller-board  so  as  to  make  it  entirely  impervious  to 
moisture,  or  has  any  satisfactory  substitute  been  found  that  will 
meet  the  requirements.  It  is  necessary,  therefore,  in  order  to  pro- 
tect the  insulation,  to  use  such  means  in  operation  as  will  prevent 
as  much  as  possible  the  entrance  of  moisture  into  the  transformer 
case  and  to  remove  any  that  may  enter,  before  it  has  had  time  to 
cause  serious  trouble. 

CARE   OF    THE    OIL 

Formerly  it  was  customary,  in  shipping  transformers,  to  pack 
them  separately  from  their  tanks.  When  shipped  in  this  manner  it 
was  practically  impossible  to  prevent  the  insulation  from  absorbing 
moisture,  even  when  special  methods  of  packing  were  resorted  to. 
Such  schemes  as  packing  in  tin-lined  cases  or  placing  calcium- 
chloride  inside  of  packing  cases  never  proved  very  satisfactory,  so 
that  before  putting  transformers  into  service  it  was  nearly  always 
necessary  to  dry  them  out.  This  required  time  and  care  and  a  cer- 
tain degree  of  expert  knowledge  which  made  it  very  desirable  that 
some  method  of  shipping  be  devised  which  would  make  it  unneces- 
sary to  dry  them  out  before  installing.  This  is  now  accomplished 
by  bracing  the  transformer  securely  in  its  tank,  filling  the  tank  with 
oil  and  shipping  in  this  manner.  The  only  limit  imposed  upon  this 
method  of  shipment  is  the  inability  of  the  railroads  to  handle  very 
large  sizes  because  of  insufficient  clearances.  This  has  been  over- 
come to  a  considerable  extent  by  the  use  of  a  special  form  of 
"drop  frame"  car  with  the  floor  much  lower  than  that  of  an 
ordinary  flat  car. 

When  a  transformer  is  shipped  in  its  own  tank  with  the  oil  it 
should  arrive  at  its  destination  with  the  insulation  and  oil  practically 
dry  and  free  from  moisture.  In  order  to  make  sure  of  this,  how- 
ever, it  is  best  to  draw  a  few  samples  of  oil  from  the  bottom  of 
the  tank  and  test  them.  The  best  way  to  make  the  test  is  to  use 
some  standard  form  of  testing  cup  and  a  variable  ratio  testing 
transformer  by  means  of  which  the  voltage  can  be  raised  gradually. 
The  cup  is  filled  with  a  sample  of  the  oil,  the  gap  is  adjusted  to  a 
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fixed  length  with  a  micrometer  screw  and  the  voltage  is  raised 
until  a  spark  jumps  across  the  gap  through  the  oil.  It  is  customary 
to  set  the  gap  at  about  [50  mils,  and  with  such  a  setting  good  oil 
will  show  a  break-down  insulation  strength  of  nut  less  than  30000 

volt'-,  i.  r..  j",  1  \,,lt>  per  mil  of  gap  for  an  average  of  ten  tests.  A 
variable  ratio  testing  transformer  may  not  always  be  available,  but 
no  company  using  transformers  should  be  without  an  oil-testing 
cup.  If  mi  means  of  varying  the  voltage  is  at  hand,  so  that  it  is 
necessary  t<>  use  a  fixed  voltage  for  making  the  test,  the  gap  should 
l»e  -ei  t<>  give  200  volts  for  every  mil  of  separation  and  break-down 
xh.mld  nol  occur  at  this  setting.  In  making  tests  in  this  way,  how- 
ever,  it  is  not  advisable  to  use  a  testing  voltage  helow  f>n<x)  volts. 
If  the  tests  on  samples  of  oil  as  taken  from  the  transformer,  shipped 
in  its  tank  with  the  oil,  are  satisfactory,  it  is  a  practically  sure  in- 
dication that  the  transformer  is  dry  and   ready  to  put  into  service. 

Cleanliness    is   essential    to  g 1   service,   and   it   is   important 

for  the  life  of  the  transformer,  particularly  if  it  he  of  high  voltage, 
that  the  tank  be  closed  up  tightly  so  as  entirely  to  exclude  dust 
and  dirt.  This  is  done  by  packing  tightly  around  all  outlet  bushings 
and  placing  gaskets  under  the  cover,  and  also  under  the  hand-hole 
and  man-hole  covers.  In  very  large  transformers  the  gaskets  are 
often  made  so  that  the  tank  can  be  made  practically  air-tight,  hut 
in  medium  and  small  sizes  the  gaskets  are  generally  made  of  felt 
or  hemp  treated  with  a  moisture-proof  compound.  It  is  surprising 
how  much  dirt  can  gradually  work  its  way  through  a  very  small 
crack.  SO  that  it  should  not  he  taken  for  granted  that  small  open- 
ings are  harmless.  To  allow  a  transformer  to  operate  with  a 
loose-fitting  cover  or  with  openings  not  closed  is  inexcusable 
negligence  which  will  he  paid  for  by  a  shortened  transformer  life. 

After  the  transformer  has  been  installed  and  put  in  successful 
operation,  a  periodical  inspection  should  he  made  ahout  once  every 
six  months.  Such  an  inspection  should  include  a  test  of  a  sample 
of  the  oil  drawn  from  the  bottom  of  the  tank  and  an  examination 
of  the  interior.  If  a  test  of  the  oil  shows  the  presence  of  too  much 
moisture,  or  an  inspection  shows  a  deposit  of  dirt  or  slime  in  the 
transformer,  the  oil  should  he  drawn  off,  filtered  and  de-hydrated, 
and  the  transformer  and  interior  of  the  tank  should  he  thoroughly 
cleaned  with  dry,  clean  waste.  The  ventilating  ducts  can  generally 
be  cleaned  by  squirting  dry  oil  through  them.  If  the  transformer 
is  water-cooled  the  cooling  coils   should  he  examined   to   find  out 
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whether  any  deposit  has  been  formed  on  them  by  the  oil.  Some 
oils  will  form  a  coating  on  the  cooling  coils  which  acts  as  a  heat 
insulator  and  results  in  the  transformer  running  hot.  This  deposit 
can  be  removed  only  by  scraping  and  rubbing  the  coils  until  they 
are  clean.  Good  transformer  oils,  as  they  are  supplied  today,  will 
form  little  or  no  deposit.  They  are  also  reasonably  clear,  so  that 
by  the  nse  of  an  incandescent  lamp  a  very  good  inspection  of  the 
upper  part  of  the  windings  can  generally  be  made  without  the 
necessity  and  inconvenience  of  lowering  the  oil  until  the  coils  are 
exposed. 

If  the  oil  in  a  transformer  is  found  t"  be  in  a  dirty  condition 
or  to  be  forming  a  deposit,  it  should  be  filtered,  and  if  it  is  found 
to  contain  moisture,  steps  should  be  taken  at  once  to  remove  this 
moisture.  The  filtering  process  can  be  performed  easily  by  passing 
the  oil  through  two  or  three  thicknesses  of  bolting  cloth.  (  >nc 
passage  through  the  cloth  will  nearly  always  be  found  sufficient  to 
remove  all  the  dirt  or  deposit. 

The  removal  of  moisture  is  not  such  an  easy  task.  Various 
make-shift  schemes  have  been  tried,  but  all  seem  far  from  satis- 
factory. Some  of  these  schemes  are:  Placing  bags  of  dry  lime 
in  the  oil,  passing  hot  air  through  the  oil,  or  heating  the  oil  so  as  to 
vaporize  the  moisture  and  drive  it  off. 

In  order  to  remove  the  moisture  completely  and  leave  the  oil 
in  first-class  condition,  it  should  be  passed  through  some  standard 
form  of  de-hydrator  designed  particularly  for  the  purpose.  Prob- 
ably the  best  form  of  this  class  of  apparatus  is  known  as  the  filter- 
press  type.  In  this  type  the  oil  is  pumped  through  several  thick- 
nesses of  a  specially  prepared  paper.  The  paper  has  the  peculiar 
property  of  allowing  the  oil  to  pass  through  freely,  while  at  the 
same  time  retaining  every  bit  of  moisture  until  it  becomes  saturated. 
When  the  paper  approaches  saturation,  it  should  be  removed  and 
replaced  by  fresh  dry  paper.  This  is  the  most  successful  method 
that  has  yet  been  devised  for  removing  moisture  from  oil ;  it  is 
very  simple  and  removes  the  moisture  entirely,  leaving  the  oil  in  a 
clean,  dry  condition.  An  exceedingly  simple  and  satisfactory  way 
of  keeping  the  oil  clean  and  dry  is  to  connect  a  small  de-hydrator 
outfit  to  a  transformer  tank  in  such  a  way  that  the  oil  can  be 
pumped  from  the  bottom  of  the  tank  through  the  de-hydrator  and 
back  again  into  the  tank  at  the  top.  The  connection  at  the  bottom 
can  be  made  through  the  oil-valve.  The  necessary  connections 
can  be  made  and  the  de-hydrator  put  into  sen  ice  without  in  any 
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way  interfering  with  the  operation  of  the  transformer.  \  small, 
cheap  de-hydrator  having  a  capacity  of  about  two  gallons  per 
minute  can  be  lu<l  which  i>  particularly  suitable  for  this  work.  It 
can  be  kept  in  operation  continuously  until  the  oil  is  clean  and  dry. 
This  method  of  caring  for  the  oil  should  appeal  to  operating  men 
wise  of  it-  simplicity  and  convenience. 

(  \kl.  OF    I  Hi:   I  NSULATION 

The  insulation  of  transformers  is  liable  n>  absorb  moisture 
either  as  a  resull  of  failure  to  keep  them  in  the  oil  or  as  a  result  of 
the  presence  of  enough  moisture  in  the  oil  to  greatly  reduce  its 
insulating  value.  In  such  cases  it  may  be  necessary  to  dry  the  in- 
sulation in  order  to  prevent  break-down.  Proper  measurements  <>f 
the  insulation  resistance  from  the  high-tension  winding  to  the  low- 
tension  winding  and  to  the  core,  and  from  the  low-tension  winding 
to  the  core,  will   serve  as  approximate  means  of  determining  its 

0  tndition. 

Measurement  of  Insulation  Resistance — Insulation  resistance 
measured  with  the  transformer  cold  is  nearly  always  much  greater 
than  when  measured  with  it  hot.  Therefore,  in  order  to  determine 
the  condition  of  the  insulation,  the  transformer  should  first  he 
heated  u]>  by  internal  heat,  or,  preferably,  by  both  internal  and  ex- 
ternal lu-ai.  to  a  temperature  of  from  75  degrees  to  80  degrees  C. 
Vfter  it  has  reached  thi->  temperature  it  should  be  maintained  there 
for  24  hours.  The  insulation  resistance  may  then  be  taken  and,  in 
general,  it  may  be  said  that  if  it  measures  below  about  one  megohm 
per    i'x)  volts  of   transformer   rated   voltage,    for  example,   about 

1  och)  megohms  for  a  winding  for  100 000  volts  or  above,  drying  out 
will  be  necessary.  These  resistance  values  are  based  on  the  as- 
sumption that  the  measurements  are  made  when  the  transformer  is 
heated  up.  Unfortunately  this  measurement  is  not  ordinarily  a 
convenienl  1  ne  to  make  because  of  lack  of  the  necessary  facilities. 
The  insulation  resistance  can  be  determined  very  easily  with  a 
"megger,"  but,  as  such  an  instrument  is  not  generally  available,  the 
next  besl  method  i<  to  use  a  direct-current  voltage  of  500  or  600 
volts  and  a  high  resistance  voltmeter.  A  special  voltmeter  having 
a  resistance  of  aboul  one  megohm  should  he  used,  it  it  can  he  had, 
as  the  resistance  of  the  ordinary  direct-current  voltmeter  is  toe 
low  to  give  very  satisfactory  results.  With  this  method  the  voltage 
across  the  line  is  measured  first,  and  then  the  voltmeter  and  re- 
sistance to  he   measured   are  connected   in    series   across   the   line 
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and  another  reading  taken.     The  insulation  resistance  is  then  cal- 
culated from  the  formula, — 

r(V-v) 
v 
in  which  /?=resistance  of  insulation. 
r=resistance  of  voltmeter. 
/'  =direct-current  voltage  across  the  line. 
V- ---voltage  reading  with  insulation  in  series  with  voltmeter. 
Connections  for  making  those  measurements  are  shown  in  the 

diagram.   Fig.   i.     By  using  a  voltmeter  such  as  may  he  obtained 

for  such  measurements,  having  a  resistance  of  one  megohm,  the 

calculation  is  simplified,   since  r  becomes  equal  to  unity,  and  the 

above   formula  becomes, 

Y  -  v       V 
R=  =      —1 

v  v 

Great  care  must   be  taken,  in  connection  with  all  such  insula- 
tion measurements,  to  insulate  all  wiring  for  the  test,  since  resist- 

500  to  600  Volt  D.  C  Circuit 


Double  Pole.  Double  Throw  Switch 


To  resijtaoce  to  be  measured 


-V  c 


FIG.    I — CONNECTIONS    KOK    MEASURING    [NSULATION   RESISTANCE 

ances  of  several  hundred  megohms  have  to  he  measured.  The  best 
way  is  to  use  wires  stiff  enough  to  support  themselves  so  that  they 
can  be  run  directly  between  the  points  to  be  connected  without  any 
intervening  supports.  When  transformers  are  dried  by  the  vacuum 
process,  described  below,  the  wires  can  be  run  into  the  case  through 
the  high-tension  bushings  which,  when  clean  and  dry,  should  have 
an  insulation  resistance  high  enough  to  prevent  the  readings  from 
being  appreciably  affected.  The  voltmeter  should  be  placed  on  a 
table  that  rests  on  dry,  well-insulated  supports.  A  double-pole, 
double-throw  oil  switch  is  preferable  to  an  ordinary  switch  mounted 
on  a  marble  base,  because  of  the  greater  insulation  resistance  be- 
tween the  contacts  in  the  former. 

For  measuring  the  insulation  resistance  of  the  high-tension 
winding,  wire  C,  Fig.  I,  should  be  connected  to  it  and  wire  B  to 
the  low-tension  winding  or  to  the  core,  according  to  whether  the 
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measurement  is  being  made  from  the  high-tension  to  the  low-ten- 
sion winding,  or  from  the  high-tension  winding  to  the  core.  When 
the  insulation  resistance  from  the  low-tension  winding  to  the  core 
is  being  measured,  wire  C  should  be  connected  to  the  low-tension 
winding  and  w  ire  B  \><  the  core. 

After  the  connections  have  all  been  made,  check  readings  should 
be  taken  t<>  insure  that  there  is  no  appreciable  leakage  of  current 
between  the  switch  jaws.  To  do  this,  close  the  switch  on  5  and  6, 
Fig.  1.  and  note  accurately  the  voltmeter  reading.  Then  discon- 
nect wire  ./  from  -'  and  leave  the  end  hanging  free  in  the  air  and. 
with  the  switch  closed  on  5  and  6  as  before,  take  another  reading 
very  accurately.  It*  1 1 1  i -  reading  is  appreciably  less  than  the  first 
one,  the  insulation  resistance  across  the  switch  jaws  is  too  low. 
In  such  cases,  all  readings  <>f  insulation  resistance  must  be  taken 
with  wire  A  disconnected.  In  reading  the  line  voltage,  connect 
wire  A  up  again  and  close  the  switch  on  /  and  2. 

Methods  of  Drying — There  are  four  principal  methods  of 
drying  out  the  insulation  of  transformers,  viz..  /  by  internal  heat; 
2 — by  external  heat  ;  -,1  by  internal  and  external  heat,  and  /  by 
the  vacuum  process. 

Internal  Heat — With  this  method  alternating-current  i>  re- 
quired. 'Jdie  transformer  should  he  placed  in  its  ease  without  the 
oil  and  the  cover  left  off  to  allow  free  circulation  of  air.  The  low- 
tension  winding  should  he  short-circuited  and  sufficient  voltage 
impressed  across  the  high-tension  winding  to  circulate  enough  cur- 
rent through  the  coils  t'-  maintain  the  temperature  at  from  7;  de- 
grees t"  So  degrees  C.  About  one-fifth  of  normal  full-rated  cur- 
rent i-  generally  sufficient  to  do  this.  The  Impressed  voltage  ne< 
sary  to  circulate  this  current  varies  within  wide  limits  among  differ- 
ent transformers,  hut  will  generally  he  approximately  0.5  to  1.5 
percent  of  normal  high-tension  voltage  at  normal  frequency.  The 
end  terminals  of  the  winding  must  he  used,  not  taps,  so  that  current 
will  circulate  through  the  total  winding.  The  amount  of  current 
may  be  controlled  by  a  rheostat  in  series  with  the  high-tension 
winding. 

As  this  method  i^  slow  and.  at  best,  superficial,  it  should  he 
used  only  with  small  transformers,  and  then  only  when  local  condi- 
tions prohibit  the  use  of  one  of  the  other  methods. 

External  Heat — For  drying  with  external  heat,  the  transformer 
is  removed  from  its  case  and  a  wooden  box  i<  built  around  it,  with 
holes  in  the  top  and  near  the  bottom  to  allow  circulation  of  air. 
The  clearance  between  the  sides  of  the  transformer  and  the  box 
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should  be  small  so  thai  mosl  of  the  heated  air  will  pass  up  through 
the  ventilating  ducts  among  the  coils  and  not  around  the  sides. 
The  heat  should  be  applied  at  the  bottom  of  the  box. 

The  best  way  to  obtain  the  heat  is  from  grid  resistors,  using 
either  alternating  or  direct  current,  The  temperature  limits  are  the 
same  as  for  the  first  method,  using  internal  heat.  The  transformer 
must  be  carefull)  protected  against  direct  radiation  from  the 
heaters.  Care  must  also  be  taken  to  see  that  there  is  not  inflam- 
mable material  near  the  heaters,  and  to  this  end  it  is  advisable  to 
line  the  lower  part  of  the  wooden  box  with  asbestos.  The  heater 
should  preferably  be  placed  in  a  separate  box,  the  heated  air  being 
conducted  to  the  bottom  of  the  transformer  through  a  suitable 
pipe.  Where  this  plan  is  followed,  the  heat  may  be  generated  by 
direct  combination  of  gas,  coal  or  wood,  provided  great  precaution 
be  observed  not  to  allow  the  products  of  combustion  to  enter  the 
box  surrounding  the  transformer.  I  [owever,  heating  by  combustion 
is  not  to  be  advocated  except  where  there  is  no  source  of  electric 
power.  This  method,  while  effective,  requires  much  longer  than 
the  following  one,  in  which  combined  internal  and  external  heat  is 
employed. 

Internal  and  External  Heat — In  combining  the  two  foregoing 
methods,  the  current  should,  of  course,  be  considerably  less  than 
when  no  external  heat  is  employed.  This  method  is  used  occasion- 
ally where  direct  current  only  is  available,  a  certain  amount  of  cur- 
rent being  passed  through  the  high-tension  winding  only,  as  the 
cross  sectional  area  of  the  low-tension  conductor  is  generally  too 
large  for  it  to  be  heated  with  an  economical  amount  of  direct  cur- 
rent. The  use  of  direct  current  for  drying  out  is  not  recommended 
except  where  alternating  current  cannot  be  obtained. 

In  addition  to  being  quicker  than  either  the  first  or  second 
method  used  alone,  the  combining  of  the  two  results  in  the  insula- 
tion being  heated  much  more  uniformly,  which  is  obviously  a  great 
advantage. 

Vacuum  Process — The  vacuum  process  can  be  used  only  with 
the  larger  sizes  of  water-cooled  transformers  which  have  the  cover 
bolted  down  over  an  air-tight  lead  gasket  to  a  cast-iron  ring  riveted 
to  the  top  of  the  case.  In  brief,  it  consists  in  placing  the  trans- 
former in  its  case  without  the  oil.  closing  the  case  air  tight,  ex- 
hausting the  air  and,   by  means  of   alternating  current  circulated 

through  the  coils,  bringing  the  transformer  to  a  temperature  some- 
what above  that  which  corresponds  to  the  boiling  point  of  water  at 
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the  reduced  atmospheric  pressure      l  nder  a  vacuum  of  25  inches 
water  boils  at  55  degrees  (  . 

With  this  process  the  transformer  is  dried  thoroughly  and  uni- 
f«  rmly,  and  at  a  low  temperature,  which  reduces  the  risk  of  damage 
to  fibrous  insulation.  Jt  also  allows  the  oil  t<»  be  admitted  to  the 
•  under  vacuum,  after  drying,  which  effectually  prevents  the 
formation  "t"  air  bubbles  in  the  interstices  of  the  windings  and 
insulation.  This  1-  of  great  importance  in  large,  high  voltage 
transformers  where  it  is  necessary  to  have  the  oil  entirely  free  from 
air.  While  the  vacuum  method  is  somewhat  expensive  and  com- 
plicated, its  use  is  justified  for  drying  oul  large,  high  voltage 
transformers.  Detailed  instructions  are  issued  by  the  manufac- 
turers of  large  transformers  for  using  this  method. 

No  definite  time  can  be  specified  as  that  required  for  drying 
out;  it  depends  upon  the  condition  of  the  transformer,  its  size  and 
voltage,  and  the  method  of  drying  used.  <  me  to  three  weeks  will 
generally  be  required.  By  plotting  a  curve  of  the  insulation  resist- 
ance measurements,  for  example,  with  time  as  abscissae  and  resist- 
ance as  ordinates,  the  point  where  the  insulation  resistance  begins 
to  increase  more  rapidly  may  be  determined  by  locating  the  knee 
■  i  the  curve.  The  total  drying  period  should  be  about  115  percent 
of  the  time  preceding  the  passing  of  this  point. 

Precautions  -If  the  initial  insulation  resistance  be  measured 
at  ordinary  temperatures  it  may  be  high  although  the  insulation  is 
not  <lry.  but  as  the  transformer  is  heated  up  it  will  drop  rapidly. 
As  the  drying  proceeds  at  a  constant  temperature,  the  insulation 
resistance  will  generally  increase  gradually  until  towards  the  end 
of  the  drying  period,  when  the  increase  will  heroine  more  rapid. 
Sometimes  the  resistance  will  rise  and  fall  through  a  short  range 
one  or  more  times  before  reaching  a  steady  high  point  Tins  is 
caused  by  moisture  in  the  interior  parts  of  the  insulation  working 
its  way  out  through  the  outer  portions  which  were  dried  at  first. 
As  the  temperature  varies,  the  insulation  resistance  also  varies,  for 
which  reason  the  temperature  should  be  kept  nearly  constant  and 
the  resistance  measurements  should  all  he  taken  at  as  nearly  the 
same  temperature  as  possible.  Measurements  should  he  taken  every 
few  hours  during  the  drying  period,  and  the  precaution  should  be 
ohserved  of  giving  the  apparatus  constant  attention. 

As  the  drying  temperature  approaches  the  point  where  fihrous 
materials  deteriorate,  great  care  must  be  taken  to  sec  that  there  are 
no  points  where  the  temperature  exceeds  85  degrees  C.  Several 
thermometers   should  he  used  and  they  should  he  placed  well   in 
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among  the  coils  near  the  top  and  screened  from  air  currents. 
Ventilating  ducts  offer  particularly  good  places  in  which  to  place 
some  of  the  thermometers.  As  the  temperature  rises  rapidly  at  first, 
the  thermometers  must  be  read  at  intervals  of  about  one-half  hour. 
In  order  to  keep  the  transformer  at  a  constant  temperature  for  in- 
sulation resistance  measurements,  one  thermometer  should  be  placed 
where  it  can  be  read  without  removing  or  changing  its  position. 
The  other  thermometers  should  be  shifted  about  until  the  hottest 
points  are  found,  and  should  remain  at  these  points  throughout  the 
drying  period.  Whenever  possible  the  temperature  should  be 
checked  by  the  increase  of  resistance  method. 

When  drying  by  the  vacuum  method,  thermometers  of  course 
cannot  be  used,  in  which  case  the  temperature  of  the  transformer 
can  only  be  determined  by  the  increase  of  resistance  method. 

LOADING 

Assuming  that  the  necessary  care  is  taken  to  keep  the  trans- 
former clean  and  dry,  it  is  equally  important  that  it  be  not  over- 
loaded to  such  an  extent  that  the  insulation  is  damaged  by  ex- 
cessive heating  of  the  coils.  Insulation  will  not  stand  prolonged 
heating  at  a  temperature  much  above  ioo  degrees  C.  without 
permanent  injury. 

It  is  practically  out  of  the  question  to  determine  the  actual 
temperature  of  the  copper,  which  is  the  hottest  part,  so  that  about 
the  only  guide  the  operating  man  has  is  the  temperature  of  the  oil. 
It  is  generally  customary  for  manufacturers  to  guarantee  that  the 
temperature  rise  of  the  windings  of  power  transformers  when 
operating  at  normal  load  will  not  exceed  40  degrees  C.  above  the 
temperature  of  the  cooling  medium  (air  or  water).  Going  a  little 
further  and  analyzing  this  40  degree  drop,  it  is  found  that  it  may 
be  divided  up  approximately  as  follows:  Copper  to  oil,  10  de- 
grees, and  from  oil  through  tank  to  air  or  from  oil  through  cooling 
coil  to  water,  30  degrees.  These  drops  will  vary  considerably  with 
different  transformers,  but  the  figures  given  represent  a  fair  aver- 
age. Assuming  that  the  iron  loss  and  copper  loss  are  equal,  if  the 
load  is  increased  25  percent  the  copper  loss  will  be  increased  56 
percent  while  the  iron  loss  will  remain  constant,  so  that  the  total 
loss  will  be  increased  28  percent.  Roughly  speaking,  the  different 
drops  will  be  proportional  to  the  amount  of  heat  taken  away,  so 
that  the  drop  from  copper  to  oil  for  25  percent  overload  will  be  in- 
creased 56  percent  and  that  through  the  oil  to  the  cooling  medium 
28  percent.     Applying  these  increments,  we  find  that  the  normal 


CARE  AND  OPERATION  OF  TRANSFORMERS    1007 

load  drops  of   io  d<  from  copper  to  oil  and  30  degrees  from 

oil  i"  cooling  medium  are  increased  to  approximately  15.5  degr< 
and  38.5  degrees  respectively,  or  a  total  <>t'  approximately  54  de- 
grees.    That  is,  increasing  the  load  25  percent  has  increased  the 
temperature  rise  of  the  windings  from  40  degrees  to  54  degrei 
The  standard  temperature  guarantees  for  power  transformers  when 
operating  continuously  at  25  percent  overload  is  55  degre< 

If  the  windings  are  well  ventilated  the  maximum  temperature 
will  not  exceed  the  average  by  more  than  a  small  amount,  but  it 
they  are  poorl)  ventilated  there  may  be  a  wide  difference  between 
the  maximum  and  average  temperatures.  From  the  above  discus- 
sion it  will  be  noted  thai  as  the  load  is  increased  the  drop  from 
copper  to  oil  increases  rapidly,  so  thai  for  heavy  overloads  the  tem- 
perature of  the  copper  is  much  above  thai  of  the  oil.  For  this  rea- 
son,  if  it  is  necessary  to  pul  a  heavy  overload  on  a  transformer  for 
several  hours,  some  judgmenl  must  be  exercised  in  trying  to  de- 
termine  from  the  temperature  of  the  oil  what  the  temperature  of 
the  windings  is  at  the  same  time.  If  this  temperature  (not  tem- 
perature  rise)  is  allowed  to  get  much  beyond  100  degrees  C, 
there  is  danger  of  the  insulation  being  permanently  injured. 

There  is  quite  a  difference  between  a  prolonged  overload  and 
one  of  short  duration.  Oil  has  the  capacity  of  storing  considerable 
heat,  so  that  if  a  transformer  is  operated  at  a  moderate  tem- 
perature, quite  a  heavy  overload  can  be  thrown  on  suddenly  and 
carried  for  such  a  time  as  is  required  to  raise  the  oil  to  a  tem- 
perature beyond  which  it  is  not  safe  to  go  because  the  temperature 
of  the  windings  has  approached  the  limit  of  safety.  The  thermal 
capacity  of  oil  is  such  that  one  kw  will  raise  the  temperature  of 
11  gallons  1  degree  C.  per  minute.     Setting  this  in  the  form  of  an 

equation  we  nave  t  (  m  which  /  =  temperature 

in  degrees  C,   '  loss,  T  =  time  in  minutes  and  G  =  gallons 

of  oil.  During  the  time  that  heal  is  being  stored  in  the  oil  it  is 
also  being  taken  up  by  the  circulating  air  if  the  transformer  is  self- 
cooling,  or  by  the  cooling  water  if  water-cooled.  While  the  trans- 
former is  being  heated  up  under  a  steady  load,  the  rate  of  storing 
heat  gradually  decreases  and  the  rate  of  giving  up  heat  to  the 
cooling  medium  gradually  increases  until  finally  a  steady  condition 
is  readied  in  which  no  heat  is  stored  up  but  all  is  given  to  the 
cooling  medium.  During  the  heating-up  process  if  the  transformer 
is  under  heavy  overload  the  temperature  of  the  oil  should  be 
watched  and  should  not  be  allowed  to  exceed  a  value  which,  ac- 
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cording  to  the  approximate  method  given  above  for  calculating 
temperature  drop  through  the  copper  and  oil,  indicates  a  winding 
temperature  exceeding  eoo  degrees  C. 

Larue  Self-Cooling  L'nits  Self-cooling  transformers  can  now 
be  built  in  sizes  up  t«>  about  -  ooo  or  3000  k\v,  depending  upon  the 
\<>ltage  and  frequency.  These  large  sizes  are  particularly  applica- 
ble where  it  is  desirable  to  transform  large  amounts  of  power  with- 
out artificial  cooling  and  with  a  minimum  amount  of  attendance. 

Water-Cooled  Units — The  output  for  which  water-cooled 
transformers  can  be  built  is  limited  only  by  the  weight  and  the 
mechanical  dimensions  which  make  handling  or  transportation  diffi- 
cult. In  very  large  sizes,  it  is  sometimes  necessary  to  ship  the 
transformer  in  a  more  or  less  knocked-down  condition  and  assemble 
the  parts  at  destination.  The  reason  that  water-cooled  transform- 
er^ can  be  built  in  such  large  sizes  is  that  cooling  coils  with  sufficient 
radiating  surface  to  take  care  of  the  large  amounts  of  heat  gen- 
erated can  be  made  without  trouble. 

The  Water  Rate — Water,  because  of  its  very  high  thermal 
capacity,  is  particularly  suitable  as  a  cooling  medium.  ( )ne  kw  will 
raise  the  temperature  of  3.8  gallons  of  water  one  degree  C.  in  one 
minute.  Ordinarily  the  water  rate  is  J4  gallon  per  minute  per  kw- 
loss.  which  gives  a  temperature  rise  of  15  degrees  C.  from  the  inlet 
to  the  outlet  of  the  cooling  coil. 

Increasing  the  water  rate  decreases  its  temperature  rise  in 
inverse  ratio  and  the  temperature  of  the  windings  is  lowered  ap- 
proximately one-half  the  amount  by  which  the  temperature  rise  of 
the  water  is  lowered.  On  the  other  hand,  decreasing  the  water  rate 
increases  its  temperature  rise  in  inverse  ratio  and  the  temperature 
of  the  windings  is  raised  approximately  one-half  the  amount  by 
which  the  temperature  rise  of  the  water  is  increased.  As  an  ex- 
ample, if  the  water  rate  is  increased  from  )/\  to  ^  of  a  gallon  per 
kw-loss,  the  temperature  rise  of  the  water  will  be  decreased  from 
15  degrees  C.  to  10  degrees  C.  The  average  temperature  of  the 
water  in  the  cooling  coil  is  2^2  degrees  lower  for  the  ^-gallon  rate 
than  for  the  [-gallon  rate,  and  therefore  the  temperature  of  the 
windings  is  also  2^/2  degrees  lower.  Thus  it  is  seen  that  no  very 
great  gain  is  made  by  increasing  the  water  rate.  If,  however,  a 
heavy  overload  is  placed  on  the  transformer  so  that  the  temperature 
rise  of  the  water  is  considerably  increased,  an  increase  in  the  water 
rate  will  help  materially. 

me  kinds  of  water  will  gradually  form  a  deposit  on  the  inside 
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of  the  cooling  coil  which  will  act  more  or  less  as  a  heal  insulator, 
and  ma)  in  extreme  cases  close  up  the  opening  in  the  coils  entirely. 
The  presence  of  1 1 1 i -  deposit  can  be  detected  1»>  a  decreased  flow 
and  an  increased  temperature  rise  of  the  water  or  by  an  increase  in 
the  temperature  «'t'  the  transformer.  Ii  ran  generall)  be  removed 
by  passing  a  solution  of  hydrochloric  arid  through  the  cooling  coils. 

A  water-cooled  transformer  should  not  be  operated  except  for 
a  very  short  time  without  the  circulation  of  water  through  the  cool- 
ing coils.  The  transformer  will  heat  up  very  rapidly  and  will  soon 
reach  a  dangerous  temperature.  It  cannot  even  lie  operated  in  tin- 
manner  for  any  length  of  time  withoul  load,  because  tin-  iron  loss 
in  itself  is  sufficient  to  raise  the  temperature  above  the  danj 
point.  In  order  to  guarantee  against  overheating  due  t<»  the  ^ i ■  <i » - 
page  ''t  tin-  tlnw  of  water,  it  is  customary  i>>  equip  water-cooled 
transformers  with  alarm  contact  thermometers,  t<>  which  alarm  bells 
can  he  wired  for  the  purpose  of  giving  warning  if  the  temperature 
sh<  iuld  rise  too  high. 

Air-Blast  Units  The  use  of  air-blast  transformers  is  com- 
paratively limited,  being  confined  chiefly  to  a  few  large  renters.  For 
Cooling  purposes  there  are  required  about  [50  cubic  feet  of  air  per 
minute  per  kw  <>f  Ins..  The  air  pressure  required  varies  from  about 
!«»  1  ounce,  depending  upon  the  size  of  the  transformer.  If  the 
air-pressure  is  shut  off  from  an  air-blast  transformer  it  ran  carry 
full  l<»ad  for  only  a  few  minutes  before  reaching  a  dangerous  tem- 
perature. This  will  he  understoi  d  easily  when  it  i-  remembered 
that  there  is  no  oil  to  store  heat,  and  since  there  is  very  little  radia- 
tion, practically  all  the  heat  generated  in  the  windings  has  to  he 
stored  in  the  copper.  The  thermal  capacity  of  copper  is  very  low. 
and  therefore  it  heats  up  very  rapidly. 

Starting  cold  and  throwing  on  full  load,  with  the  air-blast 
going,  an  air-blast  transformer  will  reach  steady  temperature  con- 
ditions in  about  two  hours,  while  an  oil-cooled  transformer  would 
require  probably  six  t<>  ten  times  as  Ion-.  Because  of  the  rapid 
heating  up  of  the  windings,  an  air-blast  transformer  cannol  safely 
carry  a  heavy  overload  for  more  than  a  few  minutes.  The  tem- 
perature rise  of  the  windings  under  normal  operation  varies  ap- 
proximately in  the  same  ratio  as  the  copper  loss.  For  example,  if 
the  temperature  rise  is  35  degrees  C.  under  full  load,  it  will  he  ap- 
proximately 55  degrees  C.  at  25  percent  overload. 

This   type  of   transformer   should   not   he   wound    for   voltaf 
exceeding  about  35000  volts.     Beyond  this  it  is  impractical  to 
heeause  of  the  insulation  difficulties  encountered. 
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EVE  KY  progressive  manufacturer  is  interested  in  the  applica- 
tion of  electric  power  in  his  particular  industry.  The  tan- 
ning industry,  however,  has  long  regarded  the  generation 
oi  power  in  each  plant  to  he  more  economical  than  purchased 
power,  as  so  much  low  pressure  steam  is  required  in  the  manufac- 
turing processes  and  it  is  thus  necessary  to  have  a  boiler  plant  in 
any  event.  Until  the  adopt  inn  of  the  acid  chrome  method  of  tan- 
ning there  was  enough  refuse  tanbark  to  fire  the  boilers,  with  only 
the  cost  of  handling  this  convenient  fuel.  The  power  requirements 
for  leather  making  are  characterized  by  a  low  commercial  load 
factor.  The  true  or  running  load  factor,  however,  is  quite  high 
and  therefore  it  is  possible,  by  the  proper  arrangements  of  indi- 
vidual and  group  motor  drive,  to  secure  good  operating  efficiency 
and  high  power  factor.  The  diversity  factor  in  the  operation  off- 
sets, to  a  large  degree,  the  value  that  would  exist  in  the  use  of 
exhaust  steam  for  heating  purposes,  and  this  condition,  together 
with  the  actual  saving  in  energy  required  to  do  the  work,  tends  to 
make  central  station  service  very  successful. 

The  conditions  of  operation  in  a  tannery  are  exceptionally 
severe  on  electric  machinery,  owing  to  the  damp  and  acid  laden 
atmospheric  conditions.  The  motors  must  be  especially  impreg- 
nated to  resist  the  destructive  effects  of  the  acid.  Oil  switches 
should  be  enclosed  in  moisture  proof  cases  in  order  to  avoid  lia- 
bility of  breakdown.  Without  making  a  claim  that  electric  power 
is  specifically  adapted  to  every  condition  of  operation  it  is  never- 
theless a  fact  that  in  a  number  of  large  tanning  factories  electric 
drive  is  being  used  with  economy  and  entirely  satisfactory  results. 

As  an  example  of  an  unusually  successful  installation  of  a 
motor-driven  tannery  the  plant  of  the  Leviseur  &  Conway  Company 
at  Salem,  Mass.,  may  be  cited.  This  factory  is  at  the  present  time 
turning  out  leather  for  the  manufacture  of  shoe  uppers  which  is 
known  to  the  trade  as  "Caravan  kid."  This  leather  is  made  from 
sheep  skins  coming  from  countries  where  the  climate  is  very  warm 
and  the  pelt,  of  the  animal  is  covered  with  coarse  hair,  making  the 
pores  of  the  skin  resemble  those  of  goat  skin.  Some  of  the  hides 
are  received  in  a  salted  state  while  others  are  received  in  a  sun-dried 
condition.     The  acid  chrome  process  of  tanning  is  employed,  the 
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complete  process  requiring  from  three  to  four  week-,  depending 
on  the  quality  of  the  hides  and  their  condition  upon  receipt.  When 
it  is  completed  the  leather  presents  a  soft,  smooth  appearance  and 
is  used  for  the  top  or  vamp  "i"  shoe  .  cording  t"  the  thickness  of 
the  skins.  The  daily  capacit)  of  the  plant  is  from  five  to  six  hun- 
dred dozen  skins,  and  the  aim  of  the  company  is  to  produce  uniform 

Stock  at  a  minimum  COS1    for  power,  light  and  heat. 

Three-phase,  60  cycle,  -■-•'">  volt  power  for  operating  the  fa 
tory  is  received  from  the  service  wires  of  the  Salem  Electric  Light 
Company.    The  voltage  1-  reduced  to  220  volts  through  a  hank  of 
transformers  located  on  pule-  adjacent  to  the  boiler  house.    There 
is    also    a    separate    set    of     transformers    for    lighting    and 


PIC.     I  —  1WO    DULULE    PADDLE    WHEELS    DRIVEN    UY    A    5    HORSE-POWER    MOTOR;    AND 
FIVE   PIX    WHEELS    DRIVEN    BY    A   20    HORSE-POWER    MOTOR 

The  double  paddle  wheels  are  set  in  large  cylindrical  vats,  and  serve  to 
keep  the  hides  and  solution  in  constant  motion.  The  pin  wheels  are  eight 
feet  in  diameter,  made  of  heavy  two-inch  planking,  and  are  used  for  wash- 
ing the  hides  in  cold  water. 

erating  electric  irons.  Wiring  throughout  the  factory  is  rul>- 
her-covered,  waterproof  wire,  run  on  open  porcelain  elc 
except  the  risers  from  floor  to  floor  which  are  run  in  conduits.  The 
use  of  individual  motors  or  one  motor  to  a  small  group  of  machines 
has  made  possible  the  arrangement  of  machines  so  that  >kins  in  a 
raw  state  could  be  received  in  one  end  of  the  building  and  routed 
through  the  various  processes  so  as  to  utilize  the  floor  space  eco- 
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nomically,  resulting  in  maximum  production  with  a  minimum 
amount  oi  handling  and  labor.  As  in  many  other  industries  it  is 
quite  frequently  necessary  to  operate  one  department  overtime — 
through  noon  hour  or  evening.  During  such  periods  maximum  pro- 
duction is  possible  with  a  minimum  power  cost. 

Many  oi  the  machines  are  of  such  construction  as  to  require 
an  average  power  considerably  lower  than  peak  loads  of  short  dura- 
tion. It  has  often  been  the  case  that  motors  have  been  installed 
of  sizes  suitable  for  carrying  the  peak  loads,  with  the  result  that 
the  motors  operated   at    low   power-factors  and   usually   with   high 


FIG.  2 — SIX   PADDLE   WHEELS   DRIVEN  BY   A    10  HORSE-POWER   MOTOR.     FOUR  APRON 
PUTTING  OUT   MACHINE   IX   FOREGROUND 

The  apron  on  the  putting  out  machine  passes  up  and  down  with  the  hides 
between  two  spiral  bladed  rolls.  One  man  puts  a  hide  on  the  apron  while 
a  man  on  the  other  side  of  the  machine  throws  in  a  clutch  which  lifts  the 
apron  up  between  the  rolls,  while  the  desired  pressure  is  applied  to  the  rolls 
by  means  of  a  foot  lever.  The  rolls  are  then  allowed  to  separate  and  the 
apron  drops  to  its  original  position.  This  operation  is  repeated  about  twelve 
times  per  mmute,  one  hide  being  "put  out"  at  a  time.  Lifting  the  apron  im- 
poses the  heaviest  load  on  this  motor,  the  load  at  other  periods  in  the  cycle 
equalling  only  the  friction  of  the  machine. 

demand  charges.  In  this  installation  the  power  requirements  were 
carefully  studied,  resulting  in  the  selection  of  motors  suitable  for 
continuous  operation  under  average  conditions  and  having  sufficient 
overload  capacity  to  meet  peak  load  conditions.     A  comparatively 
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low  t"t;il  capacity  of  motors  was  thus  secured,  which  is  a  big  ad- 
vantage when  purchasing  power  on  a  maximum  demand  rate. 

The  ease  with  which  machines  may  be  located  is  illustrated  in 
l'"i^r.  7.  A  to  lii'  motor  i  shown  in  the  background  1  drives  the  main 
shaft  "ii  the  second  floor.  At  right  angles  to  the  main  shaft  ami 
at  a  more  convenient  point,  a  '  1  h|>  motor  drives  a  measuring  ma- 
chine. It  is  ii"t  necessary  t"  elaborate  on  thi-  arrangement  t<>  show 
the  distinct  advantage  presented  in  motor  drive  over  one  main  line 
shaft. 

It  i>  a  fact  that  many  tanneries  require  a  large  quantity  of 
-.team.  This  condition  was  realized  at  the  time  the  central  station 
offered  service.     To  reduce  -team  consumption  t<»  a  minimum  the 


lie.  3— TWO  SHAVING   MACHINES  DRIVEN   BY  A   5    HORSE-POWER    MOTOR,    TWO  COLOR 
WHEELS    in    BACKGROUND  DRIVEN    BY   A    In   HORSE-POWER   M l< 

The  shaving  machines  remove  any  remaining   flesh  and   smooth  tip  the 
uneven  surface  on  the  flesh  side  after  the  tannin-  pi  The)  consist  of 

rapidly  revolving  bladed  rolls  against  which  the  hide  i>  pressed  by  rubber  cov- 
ered roll-  actuated  by  foot-levers. 

service  of  an  expert  -team  engineer  was  secured,  with  the  result 
that  the  steam  sy-tein  was  arranged  in  a  manner  which  decreased 
the  coal  consumption  very  materially. 

The  manufacturing  operations  in  this  factory  may  he  divided 
into :— Beaming,  wherein  the  hair  and  flesh  are  cleaned  from  the 
skins;  tanning,  which  is  done  in  pin  drums  and  paddle  tubs;  and 
coloring  and  finishing. 


ioi4 


THE  ELECTRIC  JOURNAL 


Beaming — Regardless  of  whether  the  skins  have  been  sun-dried 
or  salted  they  arc  soaked  in  water  to  return  them  to  their  original 
state,  which  is  greatly  to  be  desired  before  starting  the  tanning  pro- 
cess. If  the  hide-  carry  a  special  amount  and  desirable  quality  of 
hair  they  arc  "limed,"  which  loosens  the  hair  from  the  skins  so  that 
it  may  be  readily  removed  during  the  succeeding  processes.  Liming 
is  seldom  done,  however,  the  hides  being  usually  soaked  in  water. 
From  the  vats  the  hides  pass  to  a  double  paddle  wheel  shown  at 
the  left  of  Fig.  I.  These  vats  are  semi-cylindrical  in  shape  and  the 
wheels  are  set  at  one  side  of  the  cylinder.  The  paddles  serve  to  keep 
the  hides  constantly  stirred  up  while  they  are  soaked  in  a  solution 
of  hvposulphite  of  soda,  which  loosens  the  hair  from  the  hides. 
From  these  paddles  the  hides  go  to  the  first  set  of  pin  wheels,  shown 

at  the  right  in  Fig.  i 
During  the  revolving  of 
the  wheels  the  hyposul- 
phite is  rinsed  off  by 
water  with  which  the 
wheels  were  partly  filled 
the  hides  being  kept  in 
constant  agitation  b  y 
wooden  pins  set  on  the 
inside  of  the  drums 
The  pin  wheels  revolve 
a  t  approximately  I  8 
r.p.m.,  being  driven  by 
a  gear  and  pinion  drive 
which  is  belted  to  the 
motor. 

The  hides  are  then 
passed  through  a  fleshing  machne  which  takes  off  the  flesh  which 
is  still  clinging  to  the  inside  of  the  skins  and  also  takes  off  the  short 
hairs.  The  fleshing  machine  coisists  of  a  revolving  roll  on  which 
are  set  a  system  of  spiral  blades  which,  moving  at  high  speed,  cut 
the  flesh  from  the  hides  when  they  are  pressed  against  the  revolv- 
ing cylinder  by  a  hard  rubber  roll  actuated  through  a  lever  by  the 
operator's  foot.  The  hides  are  fed  through  the  two  rolls  by  a 
third  fluted  roll  about  seven  inches  in  diameter  operating  at  48 
r.p.m.  The  operator  feeds  one  roll  at  a  time  and  fleshes  about 
five  hides  per  minute.  The  flesling  operation  concludes  the  beam- 
ing or  cleaning  process. 
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FIG.    4 CIRCULATING      FANS,      DRIVING      WARM      AIK 

FROM    THE    LOWER    FLOORS    INTO    THE    DRYING    ROOM 
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Tanning     \s  a  first  step  in  the  tanning  pr<  the  hides  are 

washed  and  then  pickled  in  a  brine  solution  in  another  set  of  pin 
wheels.  From  these  wheels  they  are  transferred  into  another  se1  of 
paddle  wheels,  Fig.  2,  where  they  are  agitated  in  a  solution  of  bichro- 
mate >f  soda  (chrome)  for  several  hours  and  then  pass  to  the  "put- 
ting-out" machines,  shown  in  the  foreground  of  Fig.  2,  which  lay 
oul  the  grain  in  the  leather,  stretch  it  and  draw  out  the  surplus 
lution   absorbed  during  the  preceding  pro  The  "chromed" 

hides  (now  a  pale  yellow  color)  are  thrown  into  paddle  wheels  con 
taining  a  muriatic  acid  solution  which  oxidizes  the  chrome  already 
in  the  leather  giving  a  crystalline  formation  which,  it  is  stated,  gives 


FIG.    5 — SIX    STAKING    MACHINES    BELTED    TO    A     In    HORSE-POWER    MOTOR 

the  moisture  proof  properties  to  the  finished  leather.  The  hii 
arc  now  a  pale  blue  color  and  arc  thrown  into  other  paddle  wheels 
for  washing,  following  which  they  arc  passed  to  the  shaving  ma- 
chines, where  the  hide-  arc  shaved  <>n  the  flesh  side,  to  give  an  even 
thickness  and  to  remove  the  uneven  surface  which  remain-  after 
the  tanning  process.  The  shaving  machine.  Fig.  3,  consists  of  a 
group  of  cylindrical  knives  similar  to  those  in  the  fleshing  machine. 
The  operator  throws  a  hide  on  a  rubber  covered  roll  and  by  means 
of  a  foot  lever  presses  the  hide  and  the  roll  against  the  fast  revolv- 
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ing  blades.     A   six   inch  traversing  emery   wheel   maintains  a  good 
cutting  edge  on  the  revolving  spiral  blades  at  all  times. 

The  hides  are  next  thrown  into  another  pin  wheel  or  color 
wheel,  shown  in  Fig.  3,  where  they  are  permeated  with  the  bluish 
coloring  solution  which  gives  the  hide  its  first  finished  appearance. 
From  the  color  wheels  the  hides  are  run  through  another  set  of 
putting-out  machines  to  roll  oft"  the  surplus  coloring  matter  and 
stretch  the  hides.  They  are  then  hung  on  racks  in  a  drying  room, 
which  is  supplied  by  live  steam  coils  as  well  as  with  exhaust  heat 
from  the  floors  below  by  means  of  the  circulating  fans  shown  in 
Fig.  4,  which  draw  the  air  through  galvanized  iron  ducts  having 
inlets  on  each  floor.    The  drying  process  requires  several  hours  time. 


FIG.  6 — GROUP  OF  GLAZING    MACHINES    DRIVEN    BY    A    [0    HORSE-POWER    MOTOR 

usually  over  night,  during  which  time  the  steam  pressure  is  from 
3?  to  50  lbs.  on  the  boiler  gauge. 

The  Finishing  Department — From  the  drying  rooms  the  hides 
are  passed  through  the  staking  machines.  Fig.  5,  which  scrape  the 
flesh  side  of  the  hide  and  render  the  stiff  and  crumpled  leather  very 
smooth  and  pliable.  A  coating  of  black  oil  dressing  is  then  applied 
to  the  face  of  the  leather  and  it  is  sent  to  an  auxiliary  drying  room 
to  dry,  after  which  the  hides  pass  to  the  buffing  room  where  the 
fle-h  -ide  is  smoothed  off  on  emery  faced  wheels.  Another  appli- 
cation of  oil  dressing  is  next  given,  followed  by  another  drying 
and    ironing    with    the    electric    iron-.      The    hides    are    then    sent 
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down  to  the  glazing  room  where  they  are  passed  through 
the  side  glazing  machines,  dressed  again  and  dried.  Each 
glazing  machine  has  a  reciprocating  arm  carrying  a  glass  tool  about 
two  and  one-half  inches  in  diameter,  which  is  drawn  under  pressure 
over  tin-  tlull  piece  of  leather  thereby  giving  it  a  glossy  appearance. 
From  the  glazing  room  the  hides  go  again  to  the  finishing  room 
where  every  piece  is  passed  through  the  measuring  machine,  Fig.  7, 


KI<;.    7      I.IATMKR    MEASURING    MACHINE   BELTED   To   A    ';     HORSE-POWER    MOTOR 

A  10  horse-power  motor  in  the  background  is  belted  to  a  group  of  stak- 

and  another  io  horse-power  motor  <>n  the  left  is  belted  through  the  wall 

to  a  group  of  buffing  wheels.     The  measuring  machine  consists  of  a  group 

of  rollers  which  are  lifted  bj  the  hide  in  passing  through,  thus  actuating  the 

dial  hand  at  the  top  of  the  machine. 

and  carefully  inspected  previous  to  wrapping  in  bundles  f"i"  ship- 
ment. 

All  the  motors  used  in  this  installation  arc  of  the  squirrel  cage 
type,  and  motors  five  horse-power  and  above  are  equipped  with  oil- 
immersed  auto-transformers  with  no-voltage  and  overload  release 
attachment.  These  motors  have  been  operated  in  the  acid  laden 
atmosphere  of  the  plant  with  entirely  satisfactory  results.  A  li^t 
of  the  motors  and  their  applications  is  given  in  Table  I. 
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TAB]  I     I— DATA  ON  APPLICATION  OF  MOTORS 


MACHINE 


Pump 

3  Fleshing  Machines 


6  Pin  Wheels 
3  I'm  Wheels 
Large  Double  Paddle  W  hei  1 


2  Large     Double      Paddle 

\\  lnrls 

4      Small     Double     Paddle 
Whi 

3  I'm  Machines 


1   Ventilating  Fan 


2  Shaving  M.m  nines 


4   Pin  Whi 

2   Putting-out  Machines 


4  Side  Glazers 

1  Siilr  Glazei 

1  Rolling  Machine 


9   Glazing  Wheels 

Klevator 

6  Electric  Irons 


■;,  -takers 
2  Stakers 
1  Vaughn  Table 


2  Buffing  Wheels 
2  Buffing  Wheels 
1  Exhaust  Fan 

Leather  Measuring  Machine 
Compound  Ventilating  Fan 
Compound  Ventilating  Fan 


DESCRIPTION 


rriplex  plunger,  6  inch  diameter, 
8  inch  stroke 

Used  m  inning  flesh  from  hides, 
bladed  roll  7  inch  diam.  x  52  inch 
wide,      1625      r.p.m.      Fluted      roll 

7  inch  diam.  \  52  inch  wide,  38 
r.p.m.  Flywheel  i(i  inch  diam. 
\   '_'  %    inch    \    I  •'•.,     inch  rim 

8    fool    diam.    x   3   feet    4    inches,    face, 

used    in   washing  hides   in  cold   water 

baths 
8    foot    diam.    x    3    feet    4    inches    face, 

used  in  washing  and  pickling  hides, 

18  r.p.m. 
Paddle  4   feel  diam.  s  5  feel   5  inches 

face;    vat    12    feel    long    \    8    feel 

wide.     4     feel     7     inches    deep,    skins 

■  1 1  ulated  in  chrome  solution 
Size  same  as  above 

Paddle  l  feel  diam.  x  4  feet  C  inches 
face,    Is    r.p.m.:   vat    10    feet    long, 

8  feet    wide.    1    feet   4   inches  deep 

(a)  1  apron,  2  revolving  rolls,  spiral 
knives,  7  inches  diam.,  5  feet  long, 
L65   r.p.m. 

(b)  4  apons,  5  feet  x  2  feet  each,  100 
r.p.m. 

(c)  Duplicate   of   (a) 

Used  in  exhausting  acid  fumes  from 
tan  house,  40  inch  fan  exhausting 
into  open  air 

Bladed  roll,  12  inches  wide  6  inches 
diam.,  3054  r.p.m.  6  inch  travers- 
ing emery  wheel  used  in  keeping 
edge  on  bladed  roll;  revolving  blade 
roll  shaves  off  clinging  flesh  and 
uneven  surface  remaining  on  hides 
after   tanning  process 

S  inches  diam.,  5  feet  face,  18  r.p.m., 
used   in  coloring  hides 

One  apron  each,  two  1  inch  x  5  inch 
spiral  blades  on  each  machine;  hides 
are  put  out  through  these  machines 
after  passing  through  color  wheels 
'  These  machines  have  re- 
ciprocating    arm     on 

162  r.p.m.  which     is     mounted     a 

126  r.p.m.    J        glass   tool    2%    inches 
90  r.p.m.    "J         diam.    which    is    drawn 
over   the   dull    piece  of 
leather,     giving     it     a 
glossy  appearance 

Machines  perform  the  same  operation 
as  described  above 

3  000  lbs.  55  feet  per  minute  chain 
drive  to  special  squirrel  cage  eleva- 
tor  motor. 

Used  in  ironing  out  skins  in  finishing 
process.  These  irons  operate  I  in 
volt,  single-phase  requiring  8.4  em- 
peres  each. 

ntal   tables,   78   r.p.m. 

Inclined   tables,   88  r.p.m 

Inclined  tables,   90  r.p.m. 

The  stakers  scrape  flesh  side  of  hide 
after  it  has  been  dried. 

Emery  faced,  24  inch  diam.  7  inch 
face,    950    r.p.m. 

Emery  fared,  86  inch  diam.  8  inch 
fac<  .   850  r.p.m. 

20  inch  diam.  8  inch  fan,  1  230  r.p.m., 
9  inch  round  suction,  8  inch  square 
exhaust   to  open   air 

Measures  area  of  skins  in  square 
inches,    84    r.p.m. 

60  inch  fan  used  in  connection  with 
dry  room 

60  inch  fan  used  in  connection  with 
dry  room 


III- 


MOTOR 

R.P.M. 


15 


10 


2  0 


1.. 


10 


15 


10 


10 


10 


10 


10 


1   155 

1  155 
860 
865 

1  150 
1  155 


1  155 
1  700 


1  740 

S70 

1  155 


I    130 
1  120 

720 


850 


1  700 


1  140 
1  700 
1  700 


SPEED  CONTROL  OF  FANS  AND  BLOWERS 
l  OMPARATIVE  I  OSTS  FOR  DIFFERENT  METHODS 

W.   I  .    I  MAI 

THE  three  general  methods  of  controlling  th<  1  of  fan  and 

blower  motors  are,  a  held  control;  b  armature  control; 
c — combined  field  and  armature  control.  A  different  type 
of  motor  i>  required  for  each  method  of  control,  that  i>.  the  same 
motor  cannot  be  used  in  the  three  ways  for  a  given  fan.  The  re- 
sults of  elaborate  tests  show  thai  the  power  required  to  drive 
centrifugal  fans  varies  approximately  as  the  cube  of  the  fan  speeds. 
The  curves  in  Fig.  I  show  these  variations,  while  the  curves  in  Fig. 
2  show  the  control  losses  with  change  in  speed  by  each  method, 
ha>ed  "ii  an  assumption  that  the  loss  in  the  field  control   resistance 

i-  zero.  This  assumption 
l-  nearly  true,  making 
method  a  the  most  eco- 
nomical and  very  satisfac- 
tory within  the  operating 
limits  of  the  motor.  The 
objection  to  using  field 
control  over  a  wide  range 
of  speed  is  the  high  cost 
of  a  suitable  motor. 

Method  b  is  more  waste- 
ful in  most  cases.  The 
rheostatic  losses  increase 
very  rapidly  as  the  speed 
is  reduced,  reaching  maxi- 
mum at  approximately  57 
percent  of  maximum  speed. 
Ordinarily,  these  losses  do 
not  exceed  20  percent  of 
the  motor  input.  It  should 
be  noted  that  this  loss  is  much  less  with  fans  and  blowers  than  in 
constant  torque  service  where  the  rheostatic  losses  with  armature 
control  are  directly  proportional  to  the  speed  reduction. 

Method  c  is  a  combination,  the  motor  operating  at  full  speed 
witli  weakened  shunt  field.  The  speed  is  reduced  to  75  percent 
of  full-load  speed  in  this  case  by  strengthening  the  shunt  held,  and 
from  this  point  by  armature  control. 
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FIG.    I — CURVES    SHOWING    PERCENT    OF    PULL- 
LOAD   INPUT   TO    MOTOR   DRIVING   A   CENTRI- 
\L    FAX    AT    VARIOUS    PERCENTS 
OF    FULL-LOAD    SPI 

a — Field  control;  b — armature  control;  c 
— 25  percent  field  control  and  75  percent 
armature  control. 
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Curve  <".  Fig.  2,  therefore  follows  curve  a  from  ioo  percent  to 
75  percent  of  full  speed  and  then  takes  a  form  similar  to  curve  b. 

The  maximum  loss  by  this 
method  does  not  exceed  ten 
1  invent  of  the  motor  input 
and  occurs  at  approximate- 
ly 45  percent  of  maximum 
speed. 

Fig.  3  shows  the  cost  of 
power  per  year  to  operate  a 
motor  requiring  io-kilowatt 
input  at  maximum  speed, 
working  io  hours  per  day. 
365  days  per  year,  with  en- 
ergy at  one  cent  per  kilo- 
watt-hour. The  total  cost 
of    energy    for    any    similar 

fig.       -control  lossi  -  installation    is    directly    pro- 

Based  on  an  assumption  that  the  loss  in  portjona]    to    t]K.    maximum 
the  field  control  resistance  is  zero.  '.  .... 

input,  the  duration  of  opera- 
tion, and  the  rate  for  energy. 
F(  r  example,  suppose  a 
ventilating  fan  requires  25 
horse-power  at  maximum 
speed  and  is  to  be  operated 
at  20  percent  reduced  speed 
for  8  hours  out  of  every  24. 
At  .v'>.5  percent  full-load  ef- 
ficiency the  full-load  input 
to  the  motor  is  21.6  kilo- 
watt-. A  ten-kilowatt  outfit 
at  80  percent  speed  shows 
costs  of  $215  and  $265,  re-  ] 
spectively  (Curves  a  and  h,      \  ten  kilowatt  (input)  motor  driving 

p-  '    f  [Q     hours     r>er         A    CENTRIFUGAL    FAN    AT  VARIOUS   PERCENT- 

'»'•''  '  AGES    "i     FULL-LOAD    SPEED,    TEN    HOIKS   PER 

day    with    one    cent    energy.       DAY 

To    operate    the    2=;    horse-      o— Field  control;  &— armature  control;  c 

—25  percent  field  control  and  7^  percent  ar- 
power  outfit  8  hours  per  day    mature  control.   Cost  of  power  taken  at  one 
with  energy  at  the  same  rate  ccnt  Per  kilowatt-hour. 
would  therefore  cost  approximately  $2i5X(2r.6-f-io)X(8-f-io)  = 
S372  per  year  by  held  control,  and  $458  per  year  by  armature  con- 
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trol.     These  costs  should  be  multiplied  by  the  rate  for  any  given 
locality.     In  any  case,  for  this  speed  reduction  the  calculations  will 

probably  show  thai  the 
-a\  ing  in  i"  »wer  o  »s1  will 
in  a  few  months  equal  the 
increased  cost  of  a  suit- 
able motor  for  field  con- 
trol <>\  er  i  »ne  for  armature 
mtrol.  In  a  like  manner 
.  i  imparisons  can  be  made 
of  costs  of  energy  for 
operating  a  fan  requiring 
any  power  at  any  speed  i 
duction,  by  the  three  meth- 
ods, and  for  anytime  and 
and  savings  FOR  35  horse-      rate.     By  tabulating  calcu- 

roWER,MIVIM  IFUGAL    FANS  ^  fa  ^ 

M..t"r-  running  ten  hours  per  day  at  . 

i  power  taken  at  one      tern,    comparing    costs    of 
cent  per  kilowatt-hour.  motors  and  cosl  of  energy, 

the  mosl  economical  method  of  speed  control  will  be  clearly  indi- 
cated. 

Figs.  4,  5  and  <>  sin  >\v  an- 
nual cost  of  energy  at  a 
one  cent  rate  for  operating 
fans  requiring  from  3  to 
35  horse-power  at  speeds 
of    50,    7"    and    80    percent 

1  >f     maximum     by    e  a  c  h 
method  of  control. 

Where  the  motor  oper- 
ates   for   long  intervals   at 

speeds  between  50  and    IOO 

percent  of  maximum  speed, 

the  field  control  shows  the  showing  yearly  power  o 

best  economy      It  the  mo-        AN"  5AVINGS  roR  motors  up  to  35  ho 

POWER,    DRIVING    CENTRIFUGAL    FA 

tor  operates  for  long  inter-        Motors  rumiin„  tcn  hours  per  day  at  ?0 

vals  at   speeds  between  75     percent  speed.    •    -•  vet  taken  at  one 

™,i    ,^   ~  c  ■       cent  per  kilowatt-hour. 

and    100  percent  01   maxi- 

mum  speed,  but  is  occasionally  required  to  operate  at  speeds  below 

J?  percent,  the  combination  control  gives  the  I  onomy.     For 
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motors  operating  for  long  intervals  near  maximum  speed,  but  which 
also  operate  occasionally  at  lower  speeds,  the  armature  control 
shows  the  best  economy.     It"  the  motor  is  to  operate  only  at  or  near 


KIG.  6 — CURVES  SHOWING  YEARLY  POWKR  COST 
AND  SAVINGS  FOR  MOTORS  UP  TO  35  HORSE- 
POWER,   DRIVING    CENTRIFUGAL    FANS 

Motors  running  ten  hours  per  day  at  80 
percent  speed.  Cost  of  power  taken  at  one 
cent  per  kilowatt-hour. 


maximum  speed  the  ordinary  motor  will  be  sufficient,  because  all 
shunt  motors  are  capable  of  giving  some  speed  change  by  field 
variation. 


AUTOMOBILE  ENGINE    rESTING  B^ 
ELECTRIC  MOTORS 

A    G    «  HAl 

AT  the  time  when  automobiles  first  became  commercially 
sful,  about  i<><><>,  and  for  the  next  few  yeai  iline 

automobiles  were  manufactured  in  a  somewhal  haphazard 
and  uneconomical  way.     Previous  I  i.  no  definite  and  reliable 

method  of  testing  automobile  engines  had  been  employed,  and  many 
engine  imperfections  were  not  discovered  until  the  cars  were  in 
ice,  when  it  u;h  i  iry  to  return  them  to  the  factory  and 

have  the  engines  dismantled  and  repaired,  or  altered  while  in  the 
chassis,  resulting  in  h<         i  xpense  as  well  as  loss  of  future  busi- 
ness.    In  such  testing  as  was  done,  friction  brakes  <>r  large  fans 
were  used  t<>  absorb  the  energy  delivered  by  the  engines.     All  tin- 
ted and  accurate  measurements  of  the  output   of 
ine  were  well-nigh  impossibli 
!   irly  in  (905,  a  generator  was  built   for  the  Stevens-Dur 
Company,  according  to  the  designs  of  their  engineer,  with  the  end- 
bells  extended  to  ball-bearing  pedestals  and  the  entire  field  frame 
balanced,  thereby  constructing  a  dynamometer.     It   was  equipped 
with  a  brake-beam,  switching  apparatus,  meters,  and  a  rheostat  of 
sufficient  capacity  to  absorb  the  entire  load.     Development  of  this 
outfit  ■  rried  far  enough  to  prove  that  from  a  practical  stand- 

point it  was  not  commercially  feasible,  particularly  where  a  num- 
ber of  such  outfits  would  he  required.     Feeding  power  hack  into 

the  line  was  practically  impossible  except  when  all  the  engines  un- 
der test  were  operating  at  the  same  speed  and  load,  a  condition 
rarely  existing  in  any  large  automobile  plant,  and  even  at  the  I 
this  pumping  hack  could  he  accomplished  only  at  the  expense  of 
constant  attention  and  careful  manipulation.  In  addition  to  these 
disadvantages,  there  must  he  considered  the  initial  cost  of  the  dy- 
namometer, which  is  sufficient  to  prohibit  •  when  compared  to 
the  direct-current  coupled  motor  drive. 

A  second  design  \  veloped  consisting  of  a  17  5  kilowatt. 

550    volt,    compound-wound,    1200    r.p.m.    direct-current    machine 
coupled  through  two  universal  joinl  ngine 

The  operation  of  the  equipment  is  as   follows:  — 
The  engine  is  placed  on  the  testing  blocks  and  coupled  to  the 
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motor.  The  operator  closes  a  switch  which  cuts  in  resistance  giv- 
ing the  motor  one-quarter  speed  and  operating  it  as  a  shunt-wound 
machine,  with  no  gas  or  spark  on  the  engine.  This  operation  is 
continued  for  about  five  hours,  during  which  time  the  engine  bear- 
ings, valves,  valve  gears  and  pistons  become  properly  broken  in  and 
aligned,  plenty  of  high-grade  gas  engine  oil  being  supplied  during 
the  run  to  facilitate  operation.  The  second  step  consists  of  an- 
other five-hour  run.  during  which  time  the  engine  is  supplied  with 
oline  and  spark  and  run  at  from  one-half  to  full  speed,  with  the 
coupled  motor  simply  running  idle  with  switches  open.  This  test 
gives  an  opportunity  for  proper  setting  of  the  carbureter,  adjusting 
of  the  spark  and  general  observation  of  the  action  of  the  engine. 

During  the  third  portion  of  the  test,  the  engine  is  started  by 
the  motor,  but  immediately  upon  receiving  its  gas  and  spark  re- 
lieves the  motor  of  its  load,  the  switches  being  opened  at  this  point. 
When  the  engine  is  brought  Up  to  I  200  r.p.m.  the  motor  then  be- 
comes  a  generator  and  is  built  up  to  550  volts,  at  which  point  the 
main  and  equalizer  switches  of  the  generator  are  closed,  allowing 
it  to  feed  back  into  the  direct-current  supply  circuit,  operating  as 
a  compound-wound  machine.  The  gas  and  spark  on  the  engine 
are  then  advanced  steadily  until  the  engine  is  operating  under  its 
full  load,  still  at  1  200  r.p.m.  At  the  end  of  five  hours  it  is  usually 
f<  'imd  necessary  to  take  up  the  engine  hearings  and  make  minor  ad- 
justments, after  which  the  engine  is  subjected  to  another  short  full- 
load  run  at  1200  r.p.m. 

In  order  to  take  care  of  the  output  of  the  factory,  eighteen 
of  these  test  motors  or  generators  were  installed  on  the  testing 
floor.  An  eighteen  panel  switchboard  is  used  to  control  the  sets, 
each  panel  being  equipped  with  one  carbon  break  circuit-breaker, 
two  single-pole,  double-throw  knife  switches,  one  single-pole, 
single-throw  equalizer  switch,  one  four-point  voltmeter  receptacle 
and  one  differential  ammeter.  On  a  bracket  at  the  end  of  the 
board  is  an  illuminated  dial,  direct-current  differential  voltmeter. 
Each  panel  also  has  as  part  of  its  equipment  a  grid  resistance  de- 
signed to  give  one-quarter  and  one-half  speeds  by  the  use  of  the 
double-throw  switches,  when  the  machines  are  operating  as  mo- 
tors. At  any  time,  the  operator  can  obtain  an  accurate  reading  of 
the  load  on  any  individual  engine  by  the  use  of  its  respective  am- 
meter on  the  panel  and  the  voltmeter.  An  efficiency  chart  is  pro- 
vided for  each  machine,  which  is  posted  in  a  conspicuous  place 
for  use  during  tests. 
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In  addition  i<>  this  equipment,  a  large  motor-generator  set  v 
installed,  consisting  of  a  three-pha  le,  440  volt  induction 

motor  mounted  on  the  same  shaft  with  a  550  \"lt.  compound-wound, 
direct-current  generator  of  sufficient  capacity  t<>  take  care  of  all  "t- 
the  factory  requirements.  An  equalizer  lead  run-  from  this  ma 
chine  t<>  the  18-panel  board,  and  connects  t<>  each  one  of  the  equal- 
izer switches.  This  allows  the  current  generated  by  the  testing 
sets  i"  be  sent  back  over  the  factory  circuit  and  put  to  useful  work. 
This  complete  equipment  has  been  in  dail)  operation  successfully 
for  the  past  six  years. 

Mine  the  development  and  installation  of  this  outfit  testing 
engineers  have  come  t<>  the  conclusion  that  Mill  more  satisfactory 
operation  could  be  obtained  in  the   following  manner: — 

First,  that  the  individual  testing  sets  be  220-volt,  direct-cur- 
rent, compound-wound  machines,  equipped  with  commutating 
poles,  which  will  eliminate  the  sparking  caused  by  changing  the 
machines  from  motors  to  generators,  without  any  manipulation  of 
the  brushholder  rigging.  By  means  of  the  adjustable  speed  char- 
acteristics, engines  can  be  tested  at  widely  different  speeds. 

rid,  that  a  synchronous  motor-generator  set  or  rotary 
converter  be  installed  in  the  place  of  the  present  induction  motor- 
generator  set.  Recently  this  company  has  completed  a  change  from 
direct-current  t"  alternating-current  motors  throughout  it-  shops 
with  the  exception  of  three  elevator  motors.  (This  change  t<> 
alternating-current  motors  does  not  <>t'  course  apply  to  the  testing 
outfits).  As  a  consequence  of  this,  it  would  be  possible  and  prac- 
ticable to  operate  the  synchronous  motor-generator  set.  or  the 
tary  converter,  inverted,  when  taking  current  from  the  17.5-kilo- 
watt  testing  -  generators,  transforming  the  current  generated 

by  the  testing  outfits  to  alternating-current  and  using  it  in  the  fac- 
tory circuit  to  good  advantage,  and  furthermore  raising  the  power- 
factor  of  the  line. 

The  440-volt  current  supplied  to  the  alternating-current  end 
of  the  large  induction  motor-generator  set  above  referred  to  is  re- 
ceived from  the  company's  own  turbine  plant,  so  in  this  particular 
instance  power-factor  correction  by  the  use  of  synchronous  ma- 
chines is  especially  to  he  desired.  With  an  alternating-current 
supply  from  central  station  lines,  operation  would  be  just  the  same 
in  the  present  case,  although  power-factor  correction  would  nol 
he  of  so  vital  importance  to  the  manufacturer. 
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Another  simple  and  economical  method,  which,  however,  lacks 
the  advantage  of  adjustable  speed  but  which  does  away  with  the 
necessity  for  a  motor-generator  set  or  synchronous  converter,  is 
to  belt  an  induction  motor  to  each  gas  engine.  The  induction  mo- 
tor is  started  in  the  regular  way  by  means  of  an  auto-starter. 
When  the  engine  develops  its  full  output  it  will  run  the  motor  as 
an  induction  generator  at  a  speed  slightly  above  synchronism. 
The  energ)  supplied  to  the  line  will  he  equal  to  the  brake  horse- 
power of  the  engine  minus  the  losses  in  the  motor.  Engines  of 
different   speeds  can  be  tested  by  changing  pulleys. 

Direct-current  motors  can  he  used  to  even  greater  advantage, 
where  the  energy  supply  is  suitable.  The  motor  with  the  con- 
nected engine  can  be  started  in  the  usual  way,  the  speed  adjusted 
to  a  point  just  below  that  at  which  the  engine  is  to  run,  after  which 
the  engine  can  he  made  to  take  its  load  by  driving  the  motor  as  a 
generator. 

It  would  be  possihle  with  any  of  these  schemes  to  place  a 
graphic  meter  on  each  generator  panel  and  thus  be  aide  to  supply 
load  charts  when  necessary.  While  it  might  he  of  advantage  to 
have  one  panel  so  equipped  for  the  testing  of  a  new  model  engine, 
the  expense  of  putting  graphic  meters  on  each  panel  for  the  test- 
ing of  the  standard  factory  output  would  be  rather  large.  For  all 
practical  purposes  of  automobile  engine  testing,  the  readings  of 
the  differential  ammeter  and  voltmeter,  used  in  connection  with 
the  efficiency  charts,  give  all  that  is  required.  That  two  gas  en- 
gines of  the  same  model  brought  through  the  factory  at  the  same 
time  and,  under  exactly  similar  conditions,  will  not  test  out  alike 
by  sometimes  as  much  as  several  horse-power  is  a  well-known 
fact  that  should  be  considered  in  determining  the  advisability  of 
using  a  graphic  meter  on  each  panel  in  addition  to  the  ammeter 
and  voltmeter. 

Developments  of  industrial  engineering  problems  in  the  last 
few  years  have  proven,  without  question,  that  individual  drive  is 
the  only  adequate  solution  of  such  a  problem  as  the  one  here  con- 
sidered. With  individual  drive,  engines  can  he  tested  at  any  de- 
sired speed  by  selecting  suitable  motors  for  connection  through 
universal  joints  or  by  changing  pulleys  if  the  drive  is  by  belt.  If 
it  is  necessary  to  test  some  engines  at  higher  speeds  than  others, 
adjustable   speed  machines  may  }«■   used   to  good  advantage. 


NOTES  ON  THE  AITLICATK  IN  OI;  SMALL 
INDUCTION  MOTORS 

bt:kS  \u\>  LESTER 

WITH   the  wide-spread  use  of   small    split-phase   induction 
motors  i' 'i"  driving  tl 
ho  ne,  i »ffice  and  sti >re,  the  I  appl  i >f  tin 

motors  b<  of  consid  importance.     Small  motors  of  tin- 

type arc  often   installed   where  abnormal  overload  conditions  ran 
-t  and  an  ited  usually  by  those  who  know  little  or 

nothing  ab  ut  the  care  of  machinery.     Furthermore,  no  protective 
device  which  can  be  used  to  protect  the  motor  from  injurious 
load  appears  to  be  commercially  feasible.    <  foviously  it  is  to  the  ma- 
terial benefil  >•!'  central  station,  motor  manufacturer,  and  individual 
thai  mot<  •  applied  correctly  and  with  due  regard, 

nol  onl)   to  the  average  working  conditions,  but  to  the  abnormal 

■v  that  their  operation  may  be  satisfactory 
in  ever)  respect.    Such  features  as  high  power-factor  and  efficien 
whirh  an.-  impi  rtanl   p(  ints  to  consider  in  large  induction  mot 
arc  of  iratively  minor  importance  in  small  split-phase  induc- 

tion motor-,  since  the  amount  of  power  consumed  by  the  motor  is 
very  small.     Features  of  starting  torque,  pulln  ul  torque,  or  ma 
mum  torque,  heating,  and  in  some  instances  starting  current,  are, 
however,  of  prime  importance. 

A  typical  performance  curve  of  a  small  split-phase  indu 
mol  shown  in  l;;.ur.  i.     This  represents  the  performance 

motor  without  centrifugal  clutch.     From  the  curve  it  may  b 
that  the  starting  torqu<  ual  t  i  full-load  torque.     It  is  possible 

to  wind  the  mi  tor  to  produce  a  starting  torque  higher  than 

full-load  torque,  although  a  centrifugal  dutch  is  usually  employed 
where  high  starting  torque  is  necessary. 

It  i-  of  course  important  to  see  that  the  m  >tor  selected  has  suf- 
ficient starting  torque  to  bring  the  machine  to  be  driven  up  to  speed 
promptly.     It  i-  far  more  important,  h  ee  that  the  value 

of  starting  torque  is   sufficient   to  brii  machine  up  to  spi 

promptly  when  conditions  are  abnormal.  Two  point-  that  must  par- 
ticularly be  horn-  in  mind  are.  first,  possible  conditions  requiring 
an  abnormal  starting  torque,  and  nd,  possibl        i   litions  of  the 

supply  circuit  which  may  prevent  the  motor  from  delivering  it- 
rated  torque  when  starting. 
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Consider,  for  instance,  the  case  of  the  portable  electric  drill 
equipped  with  a  split-phase  induction  motor.  The  motor  is  usually 
started  before  the  drill  spindle  is  placed  in  contact  with  the  material 

to  be  drilled,  and  the  motor  has  only  to  bring  up  to  speed  the  train 
of  gears  and  the  spindle  itself.  It  sometimes  happens,  however, 
particularly  in  the  hands  of  an  inexperienced  operator,  that  the 
drill  will  be  forced  into  the  metal  with  such  pressure  as  to  stall  it, 
or  it  may  become  stuck  by  the  carelessness  of  the  operator  in  im- 
properly holding  the  drill.  Thus  a  starting  torque  much  greater 
than  that  normally  required  may  he  necessary  to  bring  the  motor 
Up  t>  i  it-  rated  speed  again. 

The   torque   developed   by   a   motor   at    starting  varies   as   the 

square  of  the  voltage  impressed 
upon  it.  Rated  voltage  may  not 
he  obtained  in  the  motor  due  to 
insufficient  transformer  capacity, 
or  light  wiring  from  trans- 
former to  motor.  Furthermore, 
a  jingle-phase  induction  motor 
takes  a  greater  current  when 
starting  than  when  running  un- 
der normal  load,  which  of 
course  increases  the  drop  in 
voltage  at  the  moment  of  start. 
These  factors  emphasize  the 
necessity  of  providing  a  liheral 
margin  of  safety  hetween  the 
amount  of  starting  torque  devel- 
oped by  the  motor  and  that  re- 

cycles,    four    poles.      Centrifugal      1uired  t0  brinS  the  mac,line  UP 
itch    cuts   out   starting   winding   at      to  speed, 
ut  two-thirds  speed.  Thc     fcature     of     pull-0Ut     or 

maximum  torque  is  of  great  importance,  particularly  where 
there  is  a  variable  load,  and  the  emergency  conditions 
should  he  considered.  A  motor-driven  mangle  in  the  hands 
me  inexperienced  operator  may  stall,  if  equipped  with 
a  motor  of  insufficient  pulln  ut  or  maximum  torque  and,  unless  the 
motor  is  disconnected  from  the  power  circuit  the  current  will  of 
course  overheat  it  and  eventually  the  motor  will  burn  out.  In  some 
motor-driven  adding  machines  a  momentary  heavy  torque  load  is 


I — TYPICAL     PERFORMANCE     CURVE 
OF    SMALL    SINGLE-PHASE    INDUCTION 

MOTOR.    WITHOUT    ('  E  \  T  K  I  F  U  G  A  L 

ii.ni  n 

One-eighth  horse-power,   no  volts. 
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placed  "ii  the  motor  al  very  rare  intervals  by  the  operation  of  a 
certain  combination  of  levers  or  keys.  Obviously  the  pull-out 
torque  developed  by  the  motor  must  be  sufficient  to  take  care  of 
such  rare  overloads  in  torque.  Points  such  as  these  have  led  I 
careful  analysis  of  the-  factors  of  starting  torque  and  pull-out  torque 
in  applying  small  motors.  These  values  are  usually  measured  in 
ounces.  The  diagram,  Fig.  4,  and  following  explanation,  will  be 
found  of  service  to  those  having  much  to  do  with  the  application 
of  split-phase  induction  motors  of  small   siz< 

[NSTRU<  TIONS  FOR  THE  USE  OF  l 'I  u.K AM 

Knowing  the  horse-power  and  speed  at  full  load  to  determine 
full-load  torque  for  example,  find  the  full-load  torque  of  a   ;;  hp 

motor  running  1  700  r.p.m,  at 
lull  load  (  1  800  r.p.m.  syn- 
chronous speed  1.  Find  the  in- 
tersection of  the  vertical  line 
through  171x1  r.p.m.  with  tlic 
curve  marked  24  lip  1  560 
watts),  and  horizontally  op- 
posite this  intersection  at  the 
left  is  the  torque  36.5  oz. 

The  starting  torque  and  maxi- 
mum running  torque  can  be 
found  by  multiplying  the  full 
load  torque  by  the  proper  con- 
stants. For  example,  if  the 
starting  torque  of  this  particular 
motor  is  1.5  times  the  full-load 
torque,  its  value  is  1.5X36.5= 
55  oz.  Likewise  if  the  maxi- 
mum running  torque  of  the  motor  is  2.^  times  the  full-load 
torque,  its  value  is  2.5  •  36.5  91  oz.  These  constants  must  be 
determined  from  the  characteristic  curves  of  the  individual  motor. 
The  horse-power  at  maximum  torque  can  also  be  deter- 
mined from  the  curve  if  the  speed  is  known.  For  approxi- 
mate results  the  slip  of  small  split-phase  induction  motors  at  maxi- 
mum torque  can  be  taken  at  25  percent.  In  the  case  of  the  above 
motor  the  speed  at  maximum  torque  will  therefore  be  approximately 
1350  r.p.m.     Find    the    intersection    of    the  vertical  line    through 


FIG.   2 — MOTOR   DRIVEN    PORTABLE   GRIND- 
ER   OK    DRILL 
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1  35°  r. p.m.  with  the  horizontal  line  through  91  (oz.  torque).  This 
is  near  the  line  representing  1.5  hp,  which  is  the  approximate  power 
developed  by  the  motor  just  before  pulling  out,  or  stalling. 

Knowing  the  horse  (-•own-  and  efficiency  to  find  the  true  watts; 
for  example,  assume  that  the  efficiency  of  the  y±  hp  motor  is  75  per- 
cent. Find  the  intersection  of  the  vertical  line  through  75  with  the 
24  lip  curve  and  horizontally  across  from  this  intersection  is  746 
watts. 

Knowing  the  true  walls  input,  the  power-factor  and  the  voltage 
to  find  the  current  per  phase  (or  per  terminal);  for  example,  as- 


FIG.    3 — PUMPING    TIRES    WITH    PORTABLE    MOTOR-DRIVEN    GARAGE    PUMP 


sume  that  the  power-factor  of  the  foregoing  motor  is  70  percent 
and  the  voltage  220  volts.  Locate  the  intersection  of  the  70  percent 
power-factor  vertical  line  with  the  diagonal  representing  746  watts. 
The  horizontal  line  passing  approximately  through  this  point  repre- 
sents 1  050  watts  apparent.  Then  from  the  intersection  of  the 
vertical  line  representing  220  volts  with  the  diagonal  representing 
1  050  watts,  the  horizontal  line  representing  amperes  is  determined, 
namely  4.8  amperes,  single-phase,  or  2.8  amperes  three-phase. 
The  current  per  terminal  in  a  two-phase  motor  is  one-half  that 
for  a  single-phase  motor,  and  in  this  case  would  be  2.4  amperes. 
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FIG.    4 — CHART    FOR    DETERMINI N<.    RELATIVE    CHARACTERISTICS    OF    SMALL 

INDUCTION    MOTORS 

For  current  in  two-phase  motors,  take  half  the  value  indicated  for  single- 
phase  motors. 


VENTILATION   OF  A  BITUMINOUS  COAL  MINE 

G.  W.  HAMILTON 

AS  the  ventilation  of  a  mine  depends  on  such  conditions  as 
the  nature  of  the  seam,  whether  gaseous,  or  non-gaseous ; 
the  thickness  of  the  coal;  the  kind  of  top,  or  roof;  the 
output  to  be  secured,  now,  and  in  the  future ;  the  total  number  of 
men  employed  in  each  pair  of  entries,  or  headings ;  and  the  total 
number  of  men  employed  in  the  mine,  this  subject  becomes  a  ques- 
tion for  individual  consideration  in  each  case.  A  plan  view  of  a 
small  bituminous  drift  mine,  such  as  is  frequently  found  through- 
out the  South  Central  portion  of  Pennsylvania,  and  commonly 
known  as  a  single  panel  mine,  is  shown  in  Fig.  i.  The  direction 
of  the  air  used  for  ventilation,  may  be  traced  by  noting  the  arrows 
shown  along  the  several  entries,  or  headings,  and  rooms. 

One  method  of  attack  is  to  investigate  the  state  laws  on  ventila- 
tion, and  ascertain  what  must  be  done  to  comply  with  them.  On 
doing  this  for  a  Pennsylvania  mine  the  following  items  are  en- 
countered : — 

i — In  a  non-gaseous  mine  150  cubic  feet  of  free  air  per 
minute  must  be  furnished  for  each  person  employed.  If  explosive 
gas  can  be  detected  in  the  mine  by  an  approved  safety  lamp,  the 
amount  must  be  increased  to  200 cubic  feet  of  free  air  per  minute 
at  minimum.  For  horses  or  mules,  not  less  than  500  cubic  feet  of 
free  air  per  minute  should  be  furnished  per  animal. 

2 — The  main  current  of  air  must  be  split,  or  sub-divided,  so  as 
to  give  a  separate  current  of  reasonably  fresh  air,  to  every  70  men 
at  work. 

3 — The  ventilating  fan  must  be  kept  in  operation  continuously 
day  and  night,  unless  work  at  the  mine  has  been  definitely  suspended. 

4 — No  main  ventilating  fan  may  be  placed  inside  of  the  mine. 

5 — Every  ventilating  fan  must  be  equipped  with  a  recording 
instrument  to  register  the  revolutions  of  the  fan,  or  its  air  pressure, 
from  day  to  day. 

6 — If  a  fan  be  used  inside  of  the  mine  it  must  be  run  by 
electricity,  or  compressed  air. 

The  mine  outlined  in  Fig.  1  is  a  small  non-gaseous,  soft  coal, 
drift  mine,  which  would  have  about  80  men  at  work,  under  normal 
conditions,  and,  because  of  its  size,  the  direction  of  the  air  may  be 
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taken  care  of  by  self-closing  doors  between  the  cross  entries. 
Should  the  mine  be  of  larger  capacity,  employing,  say,  160  men  at 

one  time,  the  main  air  current  would  have  to  be  split  at  least  twice, 
if  not  three  times,  and  the  air  from  each  split  served  must  be  con- 
ducted to  the  main  return  air  course  through  an  "overcast"  or 
"undercast,"  an  air-tighl  air-way  made  over,  or  under,  the  main 
intake.  Whenever  practicable  an  overcast  is  made,  as  the  under- 
cast  is  liable  to  collect  water,  dirt,  etc. 

As  the  general  rules  relating  to  ventilation  will  be  unchanged, 
they  are  given  in  this  article  with  reference  to  the  mine  shown  in 
Fig.    1.     The   fan,   in  this  case,   is  located  near  the  outcrop  of  the 


FIG.    I — OUTLINE   OF   A    SMALL   PENNSYLVANIA    SOFT   COAL    MINE 


Main  Xorth  Back  Entry,  and  is  being  operated  as  an  exhaust  fan. 
This  makes  the  Main  Xorth  Entry  the  intake  for  the  air,  the  plan 
being  to  keep  all  the  entries  and  rooms,  between  the  intake  and  the 
fan,  as  if  in  one  continuous  tunnel. 

When  the  fresh  air  enters  the  mine  at  the  driff  mouth,  it  is 
drawn  along  the  Main  Xorth  Entry,  as  indicated  by  the  arrows. 
until  it  strikes  the  self-closing  door  shown  between  the  No.  1  ]\rest 
and  the  Xo.  1  Back  West,  and  being  unable  to  make  headway  in 
this  direction,  turns  into  the  Xo.  1  Back  West  and  follows  this 
route  until   it  strikes  the  coal  at  the  face.     As  it  cannot  proceed 
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further  to  the  West,  in  turns  through  the  only  cross-cut  which  is 
open,  into  No.  i  West  and  travels  toward  the  Main  North  Entry,  a 
part  of  its  volume  going  into  the  rooms.  On  reaching  the 
Main  North  it  is  forced  to  turn  to  the  right,  because  of  the 
door  in  the  cross-cut  between  the  Main  and  Back  North  Entries, 
and  soon  reaches  No.  2  Back  West  into  which  it  turns,  and  pro- 
ceeds as  outlined  before,  in  No.  i  Back  West,  and  No.  i  West 
This  course  is  followed  until  the  air  finally  turns  into  the  Back 
North  Entry,  outside  of  the  No.  i  Back  East,  and  is  discharged  by 
the  fan. 

On  the  basis  of  eighty  men  and  two  mules  at  work,  the  output 
being  gathered  and  hauled  by  electric  locomotives,  the  following 
items  should  be  considered: — 

I — Eighty  men  at  150  cubic   feet  of  free  air  per  minute;  two  mules  at 

500  cubic  feet  per  minute. 
2 — Minimum  dimension  of  entries,  or  headings,  4  ft.  6  in.  high  by  6  ft. 

wide. 
3 — Total  length  of  entries,  or  air-course,  12000  ft. 
4 — Velocity  of  the  air  to  be  about  600  ft.  per  minute. 

The  main  points  to  be  considered  will  be  as  follows : — 

1 — 80  men  x  150  cubic  ft. =12  000  cubic  ft.    Two  mules  at  500  cubic  ft.  = 

1  000  cubic  feet.  Total  13  000  cubic  feet  of  free  air  per  minute. 
2 — "Perimeter"  of  air-course,  or,  the  length  of  the  polygon  bounding  its 

cross  section, =2   (4.5+6)3=21   feet. 
3 — The  rubbing  surface,  or  the  perimeter  of  the  air-course,  x  the  length 

of  the  air-course,  =  21x12000=252000  sq.  ft. 
4 — The  Sectional  Area  of  the  air-course,  or  the  area  of  its  cross  section 

=4.5x6=27  sq.  ft. 
5 — The   Co-efficient  of   friction,   or  the   resistance  offered   to   the  air  in 

the  air-course,  by  a  unit  area  of  rubbing  surface,  at  a  velocity  of 

one  foot  per  minute.  (The  co-efficients  generally  used  are,  0.000000- 

0217    (Atkinson)  ;   and  0.00000001    (Fairly).      The    latter    in    low 

seams,  6  feet  and  under). 
6 — The  Quantity  of  Air  in  circulation  per  minute,  or  the  sectional  area 

of  the  air-course  x  the  velocity  of  the  air  =  27x600=16200  cubic 

feet  per  minute.* 
7 — The  unit  of  ventilating  pressure  in  lbs.  per  sq.  ft.,  or  the  co-efficient  of 

friction  x  the  rubbing  surface  of  airway  x  the  velocity  of  the  air 

j       j    .    ,,       „  .•       1  0.00000001x252000x600' 

current  squared  and  —  the  sectional  area  = 

27 
=  33.6  lbs.  per  sq.  ft. 

8 — The  units  of  work  or  power  per  min.  in  ft.  lbs.,  or  the  unit  of  venti- 
lating pressure  x  the  sectional  area  x  the  velocity  of  the  air  =  33.6X 
27/600=544320  ft.  lbs.,  per  minute. 

9 — The  power  applied  to  the  air  or  the  total  units  ot   work, 

-5-33  ooo="-  =16.5  horse-power. 

33000 


*If  the  velocity  of  air  be  reduced  to  530  ft.  per  min.,  the  quantity  of  air 
circulated  will  be  14  300  cubic  ft.  per  min.,  which  will  be  a  minimum  amount 
if  10  percent  be  allowed  for  leakage  and  other  losses. 
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These  arc  the  main  items  in  connection  with  an  estimate  on  the 
amount  of  air  required  in  a  mine,  as  shown  in  the  plan,  also  on  the 
amount  of  power  required  to  drive  fans  supplying  this  air.  In 
determining  the  motive  power  to  drive  a  mine  fan,  due  allowance 
should  be  made  for  the  efficiency  of  the  fan,  in  addition  to  the  ab 
indicated  power  required  for  driving  the  air.  This  fan  information 
should  preferably  be  obtained  from  the  manufacturer,  and  in  gen- 
eral it  I-  expected  to  l>e  approximately  5°  l"  ''■'  percent. 

In   a   nor  >US   mine   the   Speed   of   the   air   may    range    from 

600  to  1  ;(»o  ft.  per  minute,  hut  his  will  lie  governed  by  the  condi- 
tions inside,  a-  there  is  not  iiuicli  value  in  an  air  current  in  which 
a  man  cannot  keep,  or  hold,  a  light  with  his  lamp.  \  great  deal 
also  depends  on  the  general  conditions  of  the  mine,  together  with 
the  undeveloped  work  to  be  d#ne  in  the  future.     Provision  dionld 

usually  he  made  fur  future  growth  and  also  for  speeding  up  tin- 
fan  in  case  of  emergencies,  such  a-  a  partial  stoppage  of  the  entries 

by  an  accident 

From  the-e  points  it  will  he  seen  that  while  there  are  set  rules 
by  which  the  volume  of  air  required  to  ventilate  a  mine  may  he 
determined,  the  securing  of  the  in  formation  on  which  these  rules 
must  depend  becomes  a  question  of  mine  inspection  for  present 
conditions,  and  a  knowledge  of  he  plan  of  the  workings  laid  out 
for  future  conditions. 


DIRECT-CURRENT  BALANCER  SETS 

A    C.  LANIER 

WITH  the  extension  of  area-  served  by  central  stations  di-- 
tributing  energy  f<  r  lighting  and  power  purposes,  the 
questions  of  copper  economy  without  sacrifice  of  voltage 
regulation  early  emphasized  the  necessity  of  higher  operating  volt- 
ages. The  inherent  low  voltage  characteristics  of  commercial 
lamps,  however,  as  well  as  questions  of  safety  to  the  consumer,  fixed 
the  voltage  at  the  receiving  end  within  rather  narrow  limits.  In 
alternating-current  systems  the  problem  offered  an  easy  solution 
through  the  use  of  transformers  for  receiving  mains;  in  direct- 
current  systems  resort  to  multi-wire  circuits  became  necessary. 

With  a  given  amount  of  energy  to  he  delivered  to  the  re- 
ceivers at  a  specified  voltage  drop,  the  feeders  and  mains  of  a 
direct-current  system  can  be  reduced  to  one-half  the  original  weight 
by  doubling  the  line  voltage ;  with  the  same  percentage  drop  in 
voltage,  to  one-fourth  the  weight.  With  a  given  receiver  voltage, 
less  than  the  desired  transmission  voltage,  the  result  could  be  ac- 
complished by  grouping  the  load  units  in  series  pairs,  as  in  Fig.  2. 
The  disadvantage  of  this  arrangement  is  the  necessity  of  operating 
lamps  in  pairs,  or  else  cutting  in  an  equivalent  resistance  when  any 
lamp  of  a  pair  is  disconnected  from  the  circuit.  By  connecting 
a  third  wire  to  the  mid  point  of  the  pairs  of  lamps,  as  in  Fig.  3,  in- 
dividual units  are  independent ;  and  if  equality  in  the  total  effective 
resistance  on  the  two  sides  of  this  "neutral"  wire  is  maintained,  the 
voltage  will  remain  closely  balanced,  local  currents  flowing  along 
the  neutral  as  indicated  by  the  arrows.  (  Hbviously,  since  the  same 
volume  of  current  flows  through  the  lamps  on  each  side  of  the 
neutral,  any  inequality  in  effective  resistance  will  result  in  a  pro- 
portional voltage  unbalance.  Since  electrical  apparatus  in  general, 
and  the  incandescent  lamp  in  particular,  will  not  operate  satisfac- 
torily with  widely  fluctuating  impressed  voltage,  such  a  system  must 
provide  for  artificial  maintenance  of  voltage  balance  with  varying 
conditions  of  load  distribution. 

In  a  three-wire  system,  with  double  the  voltage  between  outers 
of  the  corresponding  two-wire  circuit,  using  a  neutral  of  one-half 
the  section  of  the  outer  wires,  the  copper  weight,  for  the  same 
voltage  drop  in  the  outers  is  five-eighths  of  that  of  the  two-wire 
systems:  while  with  the  same  percentage  drop,  it  i>  reduced  to  five- 
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sixteenths.     For  five  and  seven-wire  circuits  proportionally  greater 
zings  are  obtained.     I    onomies  here  indicated  have  led  to  the 
wide    use    of    multi-wire   circuits     three-wire    generally,    five    and 
se>  en-w  ire  in  some  instan 

A  few  of  the  more  important  methods'1  employed  to  maintain 
voltaere  balance  in  the  direct-current  multi-wire  circuits  are  indi- 
catcd  here* 

I  w  >-w  [RE    Gl  NERATI  >RS    I  N    SI  RIES 

In  early  installations,  two  generators  connected   in  series  be 
tween  the  outers,  with   the  neutral   wire  tapped  to  their  common 
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Y 

I 1 1 — 


I 


FIG.   3 


2 

juction  point,  as  in  \:\^.  4,  were  much  used.  Generators  were  shunt 
<>r  compound-wound,  each  supplying  the  load  required  on  it ->  sid< 
of  the  neutral,  and  regulating  inherently  or  by  hand  for  its  varying 
load. 

1  HREE-WIRE  GENERATOR 

The  three-wire  generator  find-  frequent  application  in  isolated 
plants  and  small  stations.    Several  designs,  differing  in  the  method 
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of  obtaining  the  neutral  of  the  armature,  have  been  built.     The 
most   successful   form  of  three-wire  machine  consisl  ntiallv  oi 

a   standard   two-wire  generator,   wound    for   the  required 

across  the  1  uters,  from  the  armature  of  which  taps  are  brought  <>nt 
t<>  collector  rings,  Fig.  5:  the  reactance  or  "balance"  coil  A  is  con- 


*  A  number  of  articles  ha  \  them: 

Direct-Currenl   Balancers,"  by    \.   E.   Kennelly  and  S.   E    \'. 
Metrical  World,  J  inuary  7.  10 
"Regulation  and  Compounding  of  Lighting  Balancers,"  by  Budd  Frank- 

enfield.    Electrical  World,  December  23,  ioj 
"Direct-Current  Compensators  for  Balancing  Electric  Circuits."'  by  H.  M. 
Biebel,  Western  Electrician,  Februarj   _m.  1907. 


THE  ELECTRIC  JOURNAL 


nected  through  brushes  to  the  slip  rings,  and  the  neutral  wire  is 
tapped  to  i he  mid  point  of  the  balance  coil.  With  symmetrical 
armature  taps,  the  point  . /.  on  balanced  load,  is  the  neutral  of  the 
stem;  slight  inequalities  in  voltage  on  unbalanced  load  are  the 
result  o\  I r  drop  due  to  unbalanced  currents  in  the  armature,  leads, 
collectors,  and  balance  coil.  A  two-phase  connection  gives  some- 
what better  distribution  of  unbalanced  currents  in  the  armature  of 
the  generator  with  corresponding  improvement  in  voltage  regula- 
tion. Balance  coils  generally  provide  iov  ten  percent  unbalance, 
although  greater  percentages  are  often  specified. 

TWO-WIRE  GENERATOR    WITH    AUXILIARY    BALANCING    APPARATUS 

Storage  Battery— A  storage  battery  connected  across  the  ter- 
minal buss  5  of  a  two-wire  generator  is  shown  in  Fig,  6,  with  the 
mid  point  of  the  battery  joined  to  the  neutral  wire.  Ordinarily  end 
cells  or  boosters  or  both  are  used  to  secure  closer  adjustment  of 
voltage   balance.      <  hi   balanced   load   the   battery    floats   across   the 


FIG.   8 


line  :  with  excess  load,  as  Ir,  on  one  side  of  the  neutral,  the  battery 
on  this  side  discharges,  while  that  on  the  more  lightly  loaded  side- 
is  charged,  the  combined  charge  and  discharge  currents  flowing 
through  the  neutral  wire  and  supplying  the  unbalanced  current. 
The  neutral  voltage  shifts  by  the  amount  necessary  to  allow  the 
required  charge  and  discharge  currents  to  flow.  Voltage  can  be 
adjusted  by  cutting  in  end  cells  on  the  discharge  and  cutting  them 
out  on  the  charging  half  of  the  battery,  or  inherently  through  the 
proper  form  of  bo  ster.  The  battery  may  serve  in  addition  for  the 
regulation  of  the  main  generator  voltage  and  output. 

Motor-Generator  Balancers — A  more  satisfactory  class  of 
auxiliary  equipment  for  the  usual  application  is  found  in  the  motor- 
generator  balancer.  Several  of  its  commercial  forms  are  illustrated 
schematically  in  Figs.  7  to  13.  The  armatures  of  the  two  units 
mposing  the  sel  shown  in  Fig.  7  are  rigidly  connected;  one  is 
wound  for  the  voltage  of  the  main  generator,  the  other  for  one- 
half  or  any  desired  fraction  of  thai  voltage.  Each  unit  must  have 
a  capacity  equal  to  the  maximum  unbalanced  energy  required  plus 
the  los  •  pt  those  of  the  shunt  fields)  of  the  set.     With  bal- 
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anced  load  the  sel  runs  1  i  *_;  1 1 1  across  the  line,  each  unil  actinj 
motor  without  external  load.    With  load  between  the  neutral 

and  the  ii'  mam.  B  supplies  unbalanced  currenl  to  the  neutral 

wire  ai  half  voltage;  A  acts  as  driving  motor,  drawing  it-  po 
from  the  main  generator.     With  shift  of  load  to  the  other  side  of 
the  neutral,  />'  acts  as  a  motor  at  half  voltage  and  drives  ./  a 
generator  at  full  outer  voltage;  the  currenl  components  supplied  by 
the  main  generator  and  ./  combine  t"  supply  the  required  unbal- 

anced  current,  the  com- 
ponent from  the  main 
nerator  eding 
th.it  fr<  'in  .  /  by  an 
amount  necessary  t" 
supply,  at  the  voltagi 
the  motor  /'.  the  arma- 
ture L 
The  dashed  line  and  ar- 

-   in    Fig.   7   indi 
the  current   flow :  shunt 
fields  are  shown  excited 
by    the    main    gen  xafc  ir 
direct. 

A  modification  of  the 
equipmenl  in  Fig.  ~  is 
indicated  in  Fig.  8 :  each 

of    the    units    composing 
the  sel  is  approximately 
one-half  the  capacity  i  >f 
those    just    descril 
with    armature-     rigidly 
mnected  and  w  o  u  n  d 
usually  for  one-half  the  line  voltage.     With  balanced  load  the  mo- 
tors run  light  acr —  the  line.     With  unbalanced  l<>ad  between  the 
neutral  and  the  negative  main.  B  \  :nerator,  ./  as  a  motor, 

the  combined  current  supplying  the  excess  in  load  required,  that  in 
A  exceeding  that  in  P»  by  the  current  component  of  the  armature 
if  the  set  at  half  voltage:  current  flow  i-  indicated  by  dashed 
lines  and  arrow-.  The  equipment  i-  inherently  reversible  with  shift 
of  unbalanced  load  from  one  side  of  the  neutral  to  the  other.  ! 
8  gives  the  connection  for  a  shunt  wound  balancer;  such  equipments 
are  more  frequently  compound  wound  with  various  schemes  of 
connections  as  shown  in  Figs.  10  to  13. 
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A  dynomotor,  Fig.  9,  may  replace  the  motor-generator  set  for 
service  as  a  rotary  balancer;  since  the  two  armature  windings 
rotate  in  the  same  magnetic  field,  however,  independent  voltage 
regulation  or  adjustment  cannot  be  obtained.  The  dynamotor  is 
smaller  and  more  compact  than  the  motor-generator,  but  is  more 
difficult  to  repair  and  does  not  permit  of  the  adaptation  of  standard 
generators  for  such  equipments. 

SHUNT    WOUND    BALANCERS 

Two  identical  shunt  machines,  with  armatures  wound  for  half 
main  generator  voltage  and  rigidly  connected,  may  serve  as  a  rotary 
balancer.  <  »n  balanced  load  the  set  runs  light  as  two  shunt  motors 
in  series;  the  current  input  of  the  armatures  supplies  the  rotational 
-es  of  the  machines,  mechanical  and  magnetic  friction  and  l'v 
losses  in  the  armature.  With  the  scheme  of  connections  indicated  in 
Fig.  8,  the  two  armatures  revolve  in  magnetic  fields  of  equal 
strength,  and  generate  equal  counter  e.m.f.'s.,  the  set  attaining  such 
ed  that  the  sum  of  these  two  counter  e.m.f.'s  plus  the  armature 
It  drop  equals  the  pressure  across  the  mains.  On  load  the  combined 
magnetomotive  forces  of  main  field  and  armature  result  in  a  de- 
crease in  effective  field  flux  ;  this  decrease  being  practically  equal 
for  both  motor  and  generator  action,  the  counter  e.m.f.'s  of  the 
two  units  remain  sensibly  constant  and  equal  on  all  loads  within 
the  operating  range,  the  speed  of  the  set  varying  inherently  with 
load. 

The  balancer  action  of  the  motor-generator  set  with  an  unbal- 
anced load  condition  between  neutral  and  outers,  results  from  a 
decrease  in  voltage  on  the  side  of  the  neutral  having  greater  cur- 
rent demand,  i.  e.,  of  lower  effective  resistance,  and  a  correspond- 
ing increase  in  voltage  on  the  opposite  side.  The  counter  e.m.f.'s 
in  the  two  units  of  the  set  remaining  constant,  less  motor  current 
will  flow  through  the  armature  connected  across  the  heavier  loaded 
side  and  more  through  that  across  the  lighter,  the  algebraic  sum  of 
the  currents  in  the  two  armatures  supplying  through  the  neutral 
wire,  the  unbalanced  current  required.  Should  this  voltage  unbal- 
ance reduce  the  terminal  pressure  of  one  unit  below  its  counter 
e.m.f..  the  direction  of  current  flow  in  its  armature  is  reversed;  its 
action  becomes  that  of  a  generator  driven  by  the  other  unit  as  a 
motor,  the  combined  currents  of  motor  and  generator  supplying 
the  unbalanced  demand.  The  current  and  the  armature  Ir  drop  of 
the  motor  exceed  those  of  the  generator  by  an  amount  proportional 
to  the  armature  losses  of  the  set. 
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It",  in  Fig.  8  the  mid  point  of  the  shunl  field  is  connected  to 
the  neutral  wire  the  shunt  excitation  of  the  two  machines  no  longer 
remains  equal,  that  of  the  generator  becoming  weaker  and  of  the 
motor  stronger  with  increasing  unbalance  in  load.  The  voltage 
.ulatinn  is  therefore  poorer.  By  crossing  the  shunt  fields.  Fig. 
14.  so  that  the  generator  field  is  connected  on  the  motor  side  of  the 
neutral  and  vice  versa,  the  regulation  is  better  than  indicated  in  the 
above  analysis.  This  connection  of  fields  should  be  used  with  shunt 
balancers,  and  where  hand  regulation  is  feasible  a  three-poinl  box 
connected  at  c  will  permit  adjustment  of  voltage  for  any  load. 

The  graphical  method  offers  a  simple  solution  for  voltage 
division  and  speed  change  with  load  of  the  shunt  wound  balancer. 
In  Fig.  [5  the  construction  for  shunt  field  con- 
nections shown  in  Fig.  8  is  indicated;  the  construc- 
—  tion  given  is  no1  to  scale.  Ordinates  represenl  speed 
of  set  in  r.p.m.,  and  abscissae,  volts;  the  voltage 
scale  of  the  machine  acting  as  motor  measures 
from  left  to  right,  for  the  unit  acting  as  a  gen- 
erator, right  to  left.  The  light  dash  lines  represent  in- 
duced volt-speed  curves  of  both  the  units  at  no  load ; 
they  intersect  at  the  half  voltage  point  of  the  system.  The 
running  light  armature  Ir  drop  added  to  the  induced  volts  for  each 
induced  volt-speed  curve  gives,  with  the  same  voltage  intersection, 
the  true  no-load  speed  of  the  set.  indicated  by  the  light  full  line. 
If  no  field  weakening  occurred  on  load,  the  full  load  volt-speed 
curve  would  he  obtained  by  adding  to  the  no-load  induced  volt- 
ed  curve  of  the  motor  the  full  load  motor  Ir  drop  in  the  arma- 
ture, and  by  subtracting  the  full-load  generator  Ir  drop  from  the 
nerator  no-load  induced  volt-speed  curve;  the  intersection  of 
thece  curves  would  give  the  voltage  division  on  load.  (See  dol  and 
dash  line.  1  Since  the  net  field  fluxes  of  generator  and  motor  are 
less  on  load  than  at  no  load,  a  load  induced  volt-speed  curve  for 
each  unit   (not  indicated  in  Fig.    15)   must  be  calculated,  and  the 
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terminal  *d  curve  ><i  each  machine  obtained  from  il  a>  indi- 

cated  apparent  that  the  full-load  speed  of  the  sel  is 

higher  than  that  at  no  load. 

Solutions  for  the  oth  mentioned,  the  mid  point  of  tin- 

shunt  fields  connected  t<>  the  neutral  wire,  with  fields  either  strai 

or   cr — ed,   ai  lily 
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the  units  of  the  balancer  set  are  operating  practicall) 
separately  excited  machines,  the  motor  armature  output  equals,  for 
any  value  of  neutral  current,  the  generator  armature  input,  i.  i 
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A    ready    method    of    determining   current    division    betw< 
motor  and  generator  is  given  in  Mr.  Frankenfield's  paper.     Values 
of  wattage  outputs  of  m<it'.r  armature  and  wattage  input  gen- 

erator armature  are  calculated  with  assumed  values  of  /;;/  and  A.. 
Motor  and  L,rcncrat"r  currents  as  ordinates  are  plotted  against  watts 

1  in  Fig.  [6,  motor  currents  being  measured 


*F"r    fuller  <!  nti. 'ii    for   shunt    wound   hal- 

ano  Mr.    Frankcnfield'  n     and     Compounding 

Lighting    Balancers 
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to  the  left  and  generator  currents  to  the  right  of  the  axis  of 
abscissae.  For  any  required  neutral  current  /„.  represented  by 
the  horizontal  distance  between  the  two  curves,  the  corresponding 
values  of  /,„  and  /;;  can  he  obtained. 

i  0MP0U.ND- WOUND  B  \l   VNCERS 

The  compound-wound  balancer  generally  consists,  in  its 
usual  form,  of  two  identical  compound  machines,  the  armature 
wound  for  half  the  main  generator  voltage  (if  equal  volt- 
division  is  desired),  rigidly  coupled  mechanically,  and  con- 
nected in  series  electrically.  In  the  assumption  of  load  with  unbal- 
ancing in  the  external  circuit,  the  field  fluxes  in  the  two  units  do 
not  remain  practically  equal  as  in  the  shunt  balancer.  The  scries 
field  of  the  motor  opposes,  while  that  of  the  generator  assists,  its 
shunt  field;  the  field  flux  of  the  motor  and  therefore  the  induced 
e.m.f.  in  this  armature  are  decreased,  and  these  of  the  generator 
increased  by  amounts  corresponding  approximately,  for  flat  com- 
pounding, to  the  internal  Ir  drops  in  the  two  machine-,  with  the 
suit  that  practically  an  equal  division  of  total  voltage  is  main- 
tained between  the  neutral  of  the  set  and  the  two  outer  wires  within 
the  normal  operating  range  of  the  set.  Over-compounding  can  be 
secured,  if  desired,  within  limits  imposed  by  requirements  of 
stability.  From  causes,  in  the  main  covered  in  the  discussion  of 
shunt  balancers,  the  speed  of  the  set  rises  with  increasing  load. 

With  the  series  field  of  each  unit  connected  in  the  circuit  of 
its  armature,  as  indicated  in  Fig.  10.  the  machines  of  the  set  operate, 
on  balanced  load,  as  differential  motors  in  series,  running  light.  On 
load,  the  decrease  of  field  flux  in  the  motor  exceeds  the  increase  in 
the  generator,  since  the  current  in  the  motor  series  field  is  greater 
and,  due  to  the  lower  magnetic  density  in  the  magnetic  circuit  of 
the  motor,  relatively  more  effective  than  in  the  generator;  these 
causes  may  lead  to  excessive  speed  rise  and  to  instability  on  over- 
load. With  series  fields  connected  in  the  circuit  of  the  neutral  wire, 
as  in  Fig.  u,  the  units  of  the  set,  on  balanced  load,  run  light  as 
shunt  motors  in  series.  Under  load  the  undivided  neutral  current 
flows  through  the  series  field  of  each  machine,  the  motor  flux  is  not 
weakened  so  much  as  in  the  case  jusl  discussed,  also  the  flux  and 
therefore  braking  action  of  the  generator  is  stronger;  the  required 
induced  e.m.f.'-  to  compensate  for  internal  Ir  drop  and  maintain 
balance  in  voltage  can  therefore  be  generated  at  a  lower  speed  for 
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any  given  load,  and  the  operation  of  the  set  is  more  stable.     With 
ies  fields  ci         I,  as  indicated  in  Figs,   12  and  [3,  the  machines 
on  balanced  load  run  light  as  compound  motors  in  the  efl 

of  the  series  field  when  running  lighl  in  this  n  thai  of  I 

in,  is  practically  negligible.  Since,  when  operating  as  motor-gen- 
erator on  unbalanced  load,  the  generator  series  field  is  connected  in 
ies  with  the  armature  of  the  motor  unit,  the  cumulative  com- 
pounding «'i'  its  field  1-  stronger  than  the  differential  action  of  t lu- 
motor  field  whose  series  coils  are  connected  in  the  circuil  of  the 
generator  armature.  The  effecl  is  similar  t"  thai  indicated  above 
in  the  discussion  of  Fig.  11.  bul  more  marked;  the  burden  of  com- 
pounding is  shifted  somewhal  from  motor  t"  generator;  there  is 
less  rise  in  speed  with  increasing  load  than  in  either  of  the  other 
connections  shown,  a  decreased  tendency  to  instability  and,  with 
other  conditions  constant,  a  corresponding  increase  in  the  safe 
momentary  overload  capacity.  With  shunt  fields  tied  t"  the  neutral 
(Figs.  i_'  and  [3)  rheostatic  adjustment  of  voltage  balance  is 
available;  two  frequently  used  methods  of  disposing  shunl  field 
rheostats  are  shown.  Obviously  other  combinations  of  -hunt  and 
ries  field  connections  are  available. 

Voltage  Regulation     In  ail<liti"ii  t<>  the  symbols  used   in  the 
shunt  balancer  analysis: — 

Lei  i\       Resistance  of  series  fields  in  >>!im>. 

iih)  ...    impounding  referred  to  balanced  voll 

— 

balam  I  running  light; — 

E       2ej    r  1  I,    ,   ra       r     ,    .    2%  (14)* 

et  \    —    [   <1    I    r,        rs    I        '  h  ] 

For  balanced  load,  set  supplying  unbalanced  current  to  neutral  wire; — 
Mol   r  induced  e.  m.  f.,  e  E .      —  T  I      1   r     .    r     t  .  "I     (15)* 

Generator  indu  ra.  f.,  (  B         f  \     i    t     .    r     \  +   e.      1 

g  L     R  '      a  s   /   •      bg  J 

a   equati  >ns    (4)    and    <'■<    apply  to  comp.  amd   bal- 


ancers 


I 
m  g 

r  flat  compound   E       =  E     =  ' 

in 

rcompounding,   inn  Pc 


•Equations   / ./.  t$  and  16  apply  to  balancers  with   I 
ries  with  the  armature,  the  slight  changes  in  the  form  of  the  equations  where 
the  series  fields  are  connected  in  the  neutral  circuit  are  obviou 


1046  THE  ELECTRIC  JOURNAL 


Eg       J"  (  *  +  P<=  ) 

1     I     Pr 


E  K     (  )      -     -  "     (13) 

g  "'V'       Pc  / 

('       M     -     -    -     (19) 


1    - 

m  g 


The  required  full-load  series  Held  ampere-turns  for  flat  or  any 
desired  compounding  can  be  determined  for  any  of  the  three  cases 
shown  in   Figs.    [O,   ii,   12  and  13  by  the  following  construction.* 

Using  equations  (  p.  (6),  (15)  and  (16),  speeds,  l\,  are  cal- 
culated for  full-load  motor  and  generator  induced  e.m.f.'s,  em  and 
« \r  for  several  net  values  of  motor  and  generator  field  fluxes,  </>m 
and  <p<r  Values  of  gross  ampere  turns  corresponding  to  each  value 
of  $m  and  <j>a  can  he  obtained  from  the  magnetization  curve  of  the 
machines,  held  weakening  due  to  armature  distortion  being  taken 
into  account.  With  equal  values  of  the  shunt  ampere-turns  in 
motor  and  generator,  as  would  be  the  case  in  flat  compounding,  the 
series  ampere-turns  of  motor  and  generator  corresponding  to  each 
speed  can  be  obtained  from  equations  (20)  and  (21)  : — 

X  i       =Ni     -Ni,         -    -    -    -     ( TO) 
sg  g  sh 

X  i       =  X  i  .    —  X  i  -     -     -     -     (21  ) 

sin  sh  m 

Where,  X  i       =  Generator  series  ampere-turns  full  load. 
sg 

N  i       =  Motor  series  ampere-turns  full  load. 
sm 

X  i  ,    =  Motor  and  generator  shunt  ampere  turns. 
N  i      —  Generator  total  ampere  turns  full  load. 
N  im   =  Motor  total  ampere  turns  full  load. 

In  Fig.  17  the  values  of  series  ampere-turns  obtained  above  are 
plotted  as  abscissae  against  speeds  as  ordinates,  in  the  full  line 
curve.  The  point  of  intersection  of  the  motor  and  generator  curves 
A,  gives  full-load  speed  and  series  ampere-turns  for  equal  series 
ampere  turns  in  the  motor  and  generator,  i.  e.,  series  fields  con- 
nected in  the  neutral  (see  Fig.  11)  ;  the  intercepts  Bm  and  Bg  with 
the  horizontal  above  the  intersection  of  the  curves  measured  in  the 


*A  similar  though  somewhat  less  direct  determination  of  one  case,  the 
series  fields  connected  in  the  neutral,  is  given  in  Mr.  Frankenfield's  paper 
above  mentioned. 
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'"■17 


proportion  of  motor  to  generator  .uncut,  give  values  for  the  series 
fields  connected  each  in  series  with  its  own  armature  (see  I  ig.  to); 
and  similar  intercepts  belou  the  horizontal  <  ,n  and  (.,t  foi 
fields  crossed  ovei  ee  Figs,  i~'  and  [3).  For  tl.it  compounding 
the  full-load  performance  1-  obviously  independent  of  shunl  field 
connections.  The  influence  of  the  method  of  connecting 
fields  in  the  balancer  circuit,  upon  the  rise  in  speed  from  no  load 
to  full  load,  as  shown  by  the  speed  intercepts  on  the  full  line  curve 
in  Fig.  17.  is  a  fan-  index  of  the  relative  stability  under  operating 

c<  mditions.     ( >n  overli  >ad 
the  differences   in   sp<  • 
and     stability     arc    more 
marked. 

W  ith    shunt     fields 

cr<  >ssed  the  inequalities  in 

voltage   division   at    loads 

between  no  load  and  full 

load,  exact  adjustment  at 

tli.  »se  two  points  assumed, 

arc    practically    negligible 

in    sets    <>f    moderate    or 

large  capacity :  with  shunt 

fields    connected    straight 

and  tapped  to  the  neutral, 

the  variations  of   voltage 

curves   from  a   straight   line   is   usually   very   slight.     The  general 

character  of  the  voltage  regulation  curve  and  the  amount  of  varia- 

1  from  the  straight  line  which  might  he  obtained  in  a  very  small 
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set  is  indicated  in  Fig.  18.  The  calculated  and  test  result-;  for  a 
400  ampere  balancer  over  the  same  load  range  shows  in  general  no 
appreciable  departure  from  the  straight  line. 
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Division  of  Current  Between  Motor  and  Generator — 
From  equation?   (u)  and   (13) 

'  L„,   4   L.„ 

I       =      I   I       +         m .         g 
111  ].;        g  y 

111  111 

=  1—1 
n  g 

Where  I.  I  -    (   r     +  r     \  +   I     e.        +  W 

in  m   v    a  s  /         m  bin   +       111 

L       =l2/r  rWIe.         ,    W 

g  g  V     a  s   )  +     g  bg    +       g 

I  h       x    L 

I  5  -        m  «         -     -     .     -     (22) 

1  +  r 

m 

I„                 L„    4.    L_ 
I       =     5 -1-    _J^        S (23) 

m  ^ 

1  +  \ 

This  becomes   for  flat  compounding; — 


I     =  \  _  Lm   +    Lg 
g         2  K 


(24) 


I  L       +  L 

11        1        m 

m 


-f-      m  g    ---     -     (25) 


2  E 

d 
(19)  in  (22)  and  (23) 


For  over-compounding,   100   p     percent,   substituting  equation    (18)    and 


h   =   £    (  '  -  »e  )  -  ^g^ (24a) 

'm  =  ^  (  1  +  Pc  )  +    ^  .^g    -     -     -     (25a) 

Where  motor  and  generator  efficiencies  are  available,  the  fol- 
lowing approximate  equations  for  flat  compounding  are  sometimes 
used : — 

Jg    =  Jn    T— ,  —  ?- (26)* 

K  -1  +  {  m  eg 

1 

Jm  =  :n    1    .    *      * (27)* 

+  cm  cg 

Since  equations  (26)  and  (27)  include  shunt  field  losses,  the 
value  of  lg  from  (26)  is  slightly  smaller  than  from  (24)  and  lm 
from  (27;  slightly  larger  than  from  (25).  For  example,  in  a  bal- 
ancer set  of  200  ampere  capacity,  with  normal  full-load  efficiency, 


*" 


Regulation  and  Compounding  of  Light  Balancers,"  by  Frankenfield, 
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the    division    of   current    between    motor    and    generator    on    full 
neutral  load  will  be  approximately, — 

From  (24)  and  (25)  lm       [13  amperes  56.5  percent  of  neutral. 

I.,         87  am]  5  percent  of  neutral. 

From  (26)  .iml  ( _•;  1  l„,       [15.3  amperes  57.''  pi  I  neutral. 

I  g         S4.;  am  1    ;         ent  of  neutral. 

<  >n  partial   loads  the  discrepancies  arc  naturally  largi 

The  current  division  between  motor  and  generator  In  percenl 
of  neutral  current,  will  average  aboul  42  per. cut  generator,  58 
percenl  motor;  in  very  large  sets,  as  slight  differences  as  between 
47  percent  generator  and  53  percenl  motor  may  be  reached,  while 
in  very  small  sets  the  division  will  be  more  nearly  38  percenl  gen- 
erator an<l  (>_>  percent  mot< »r. 

EFFICIENCY  OF   BALANCES   SETS 

output 
Efficiency   as  motor  generator  set  £  h      S -t  '   d  1 

!•"..,       I. 


g 
'in     m  9hfu     shin    +       'sh^      ^hj; 


Where  ,  g    £m   £g  efficiencies  of  set,  of  m  ttor  and  generator  respectively 

1  ■  ,     ,  Bj  r  e.m.f.  impi            on  fields  of  m  itor  and  generator  re- 

"  •  spectively 

'slim'     'she  nnt  ,K'('  currents  "'"  motor  and  generator 

For  Sat  compounding  at   full  load  and  approximately  at  other  loads, 

R 

1:           l  and   I  .              I  ,            I  .      Equation   (281  reduced  to 

•'             in  shin            sng            sh.        ' 


B 


-      -    -    -     129) 


in    +    ~  s'l 
For  over-compound,  ioo  p    percent,  equation   (28)   becomes 

c  M  +   PcJ  re 

1 1  P   )   I       +  21  , 

v  'c'     111  sh 

when  the  shunt  fields  arc  in  -cries  across  the  outers,  and  with  close  approxi- 
mation for  other  shunt  field  connections 

Obviously  the  motor-generator  efficiency  of  the  balancer 
gives  an  unfair,  or  at  least  an  incomplete  statement  of  the  economy 
with  which  such  equipments  handle  the  unbalanced  load.  It  has 
heen  proposed  that  the  balancer  efficiency  he  expressed  in  terms  of 
unhalanced  power  delivered  to  the  external  circuit.  Eg  In,  and  the 
increase    in    power    demand    upon    the    main    generator    or    plant. 
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B 


Vn 


E  ll„  +  I*) 


(30) 


"m  sh' 

In  tliis  equation  a  constant  term.  Eg  Im,  of  untransformed  energy  has 
been  added  to  both  numerator  and  denominator  of  the  fraction  expressing  the 
ratio  <>i  energy  transformation  in  the  set.  This  hardly  conforms  to  recog- 
nized conceptions  of  efficiency. 

In  order  to  give  proper  weight  to  balancer  losses,  the  set 
should  be  considered  in  connection  with  the  main  generator,  plant, 
or  feeding  system  of  which  it  forms  a  part.  An  obvious  objection 
to  such  procedure  lies  in  the  necessity  for  arbitrary  assumption  as  to 


FIG.    19 

relation  between  generator  and  balancer  loading  with  varying  total 
output.  The  simplest  and  probably  best  basis  for  estimating  the 
performance  is  that  of  main  generator  and  balancer  both  operating 
at  full  rated  load.     In  general  referring  to  Fig.  19,  if,- — 

I     =  current  in  mains  due  to  apparatus  operating  across  the  outers. 

I     =  current  of  half  voltage  apparatus  in  lighter  loaded  main. 

I     =  Unbalance  current  in  the  neutral  wire, 
n 

=  Full-load  motor,   generator  and  shunt  field   currents   of 
balancer,  then, 


m 


I    ,1, 
g      sh 


I-  +  I  +  I- 


Ish  = 


o  T       ^     m 

output  current  of  generator  with  balancer  at  full  load. 
Kw,    =  Full  load  input  of  generator. 

1/  Total  losses  in  balancers  at  full  load. 

<$  p    =  Main  generator  efficiency. 
£        =  Over-all  efficiency,  including  balancer. 
Efficiency  of  generator  alone, 


Co 


- 


I  *  I 


in 


I 


sh 


K.v, 


Combined  efficiency  of  generator  and  balancer, 


£0  = 


(!o 


KwT 


(31) 


(32) 


DIRECT-CURRENT  BALANCER  SETS  1051 

Bat  compound  /  I, 


b(  '..   !    ; ) 


• 


K  \\  . 


For  mpounding      |+n  1     <  3ia  • 


I 


Introducing    >(-    into  equation  (33), 


A"       1         11  I 

lo  *     in    •    lsh 


substituting  value  of  I,,,    from  equation 


<  ■..   ■  •  '.'.'uv, 


I    ,  I. 

+ 1  + 


2  V         ]•:  sh  <y 


'•p. 

I 

1  i  I 


• 


I     'o    •     '        ,     ) 
Similarly,  the  combined  efficiency,  overcompounding   too  p.   perci 

[a 


<-o  1 

B 


I. 


('o  +  '  +  ) c  iv]) 


viously  with  no  full  voltage  apparatus  connected  across  the  line, 

i.  =  o. 

For  example,  consider  a  250  kilowatt,  250  voll  generator  installed  with 
a  balancer  to  take  care  if  20  percent  unbalanced  current  in  the  neutral,  a  200 
ampei  ._■-       ;t  set  being  required,  L      O. 

Assume  92  percent  full  load  efficiency  of  generator. 

I,„  =  1 13,  lsh  =  2.3  amps. 

I.       .Sun  watts. 
II      •  I  1,  —  1000  amps. 
I  =  884.7  amps 
11  9> 
Then  on  full  load.  «f 0  =  -     -j^  -  -  =  9°-6 

1   +  250  (884.7  -  1 

the  plant  efficiency  being  lowered  1.52   percent    by   use   of   balancer.      It 

Io=400  amperes,   a    120  ampere   balancer  would   serve   for  the  same  total 
generator  output,  and  the  plant  efficiency,   assuming   balancer   losses 

ut  _'(>oo  watts,  become-  91.25  percent,  a  loss  in  efficiency  of  only  0.9 
percent   due   to   balancer. 

On  partial  loads,  even  assuming  that  the  balancer  load  decreased  in  pro- 
portion to  main  load,  the  effect  upon  plant  efficiency  would  be  more  marked. 

In  large  plants  where  the  percentage  of  unbalanced  load  is  small,  the  bal- 
ancer losses  lower  only  slightly  the  plant  efficiency;  while  for  a  very  small 
plant,  the  influence  of  such  losses  is  more  marked  than  suggested  above. 
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Since  the  units  composing  a  balancer  sel  act  alternately  as 
motor  and  generator,  the  brushes  on  non-commutating  pole  ma- 
chines arc  adjusted  .it  approximately  the  no-load  neutral  position. 
Advantage  can  be  taken  of  the  commutating  fringe  from  the  main 

pole  only  in  a  limited  way,  and  reliance  must  be  placed  largely 
upon  resistance  commutation.  Brushes  may  he  shifted  slightly 
gainsl  rotation,  giving  to  the  motor,  which  carries  the  heavier 
armature  current  and  has  the  weaker  main  field,  a  slight  advantage 
in  position.  Machines  designed  for  such  service  should  have  excel- 
lent commutating  characteristics,  or  he  proportionately  under-rated. 
The  commutating  pole  machine  lends  itself  particularly  to  this 
type  of  service.  There  is  available  at  the  point  of  commutation  a 
flux,  proportional,  over  a  wide  load  range,  to  the  current  com- 
mutated,  it-  value  and  direction  is  such  as  to  give  in  general  straight 
line  reversal  of  current  in  the  coils  short  circuited  by  the  brushes, 
and  it-  magnetizing  current  in  series,  and  therefore.,  in  time  phase 
with  the  armature  current.  Such  machines  can  therefore  work  up 
to  full  rating  of  motor  on  the  hasis  of  heating. 

si  VBILITY   AND   COMPOUNDING 

Stable  operation  of  compound-wound  halancer  sets,  even 
where  subject  to  sudden  and  heavy  overloads,  is  ohtainahle  if  the 
units  making  up  the  set  are  designed  for  this  service,  and  the 
1  >roper  field  connections  used.  In  general,  the  most  stahle  per- 
formance results  where  there  is  the  least  change  in  quantity  and 
distrihution  of  motor  field  flux  for  the  maintenance  of  balanced 
voltage  with  varying  load.  A  low  value  of  the  armature  and 
field  resistance  and  of  main  field  flux  distortion,  requiring 
relatively  small  differential  action  in  the  motor  fields  and  a  small 
working  range  on  the  magnetization  curve,  are  favorahle.  It  is 
obviously  desirable  that  the  series  fields  he  crossed,  so  that  com- 
pounding take-  place  with  minimum  speed  increase.  (See  Fig.  17.) 
The  effect  of  armature  distortion  upon  -peed  is  suggested  by  a 
mparison  of  the  dash  and  full  line  curves  of  Fig.  17;  in  the 
former,  the  weakening  of  the  main  field  flue  to  armature  distortion 
i-  neglected,  while  in  the  latter  this  factor  i-  taken  into  account. 

Though  halancers  are  ordinarily  wound  for  flat  compounding, 
yet  where  the  set  must  be  located  at  a  considerahle  distance  from 
the  feeding  point,  over-compounding  to  compensate  for  feeder  drop 
is  desirable.     The  degree  of  over-compounding  available  is  limited 
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l)\  the  stability  of  the  sel  on  overloads  su  ur  und< 

iditions.      R<  impoundii  ut    five  percent, 

atively  designed 

D  i'\i<  \i  1.1  1.  OP] 

In  starting  the  balancer  the  shunt  fields  should  be  connected  in 

it li  the  mid  point  of  the  fields,  C  in  I 
1  j.  disconnected   from  the  neutral  of  the  set,  and  the  acmatui 
brought  up  t<>  speed  b)  use  of  a  starting  rheostat.     With  the  arma- 
tures running  lii;l)t  in  series  across  the  outer  wires,  the  mi<l  point  of 
the  neutral  should  be  connected  to  the  neutral  point  of  thi  :ii<l 

rheostatic  adjustment  made  for  no-load  voltage  balance;  the  swil 
connecting  the  neutral  of  the  set  to  the  neutral  wire  of  the  distribu- 
ting m  sh<  uld  then  b<  1.  and  the  balancer  will  inherently 
ume  it-  load,  maintaining  the  voltage  balance.  For  voltage  a<l- 
tmenl  a  field  rhe<  stat  in  each  -hunt  field  is  sometimes  specified, 
though  a  tlii'  indicated  in  Fig.  13,  i-  preferred;  in 
compound-wound  sets  of  moderate  and  small  size,  rheostats  are 
frequently  omitted.  A  switch  is  often  used  for  discon- 
necting the  mid  point  of  the  shunt  fields  from  the  neutral  of  the  set 
in  starting;  a  blank  button  on  the  three -point  rheostat  may  answ 
or  a  device  for  connecting  the  -hunt  field  to  neutral  when  the  set  is 
up  to  speed  may  be  incorporated  in  the  starting  box. 

milar  compound-wound  balancers  will  operate  satisfactorily 
in   parallel,   it"   proper   interconnections   are   provided.     When   the 
fields  nected  in  the  neutral  circuit,  one  equalizer  con- 

ion  i-  required  between  armature-:  if  the  series  fields  are  con- 
nected in  the  circuits  of  the  individual  machines,  two  musl  be  uj 

•  proportional  division  of  current  on  all  loads  without  rheostatic 
adjustment,  the  tw<  must   have  similar  compounding  curv< 

and  equal  lr  drops  in  the  parallel  pair-  of  series  fields  of  the  two 
sets  when  each  field  is  carrying  the  current  required  for  proper 
compounding;  i.  e.,  the  same  current  as  the  armature  in  whose  cir- 
cuit it  i-  connected.  Any  wide  departure  from  the  proper  value  ol 
current-  in  the  series  coils  of  the  two  balanci  >,  will  cause  ob- 

jectionable disproportion  in  division  of  l«>a<l  between  the  tw 
with  varying  values  of  total  unbalanced  current.     In   such 
proportionate  division  >•{  current  in  the  serie  ired 

by  connecting,  in  series  with  the  coils  of  one  set,  a  resistan 
whose  value  shall  satisfy  the  equations: — 

1  mi     Tf|     —  V  ,s  ( 

and  Ir,  r„  = 
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PROTECTION 

The  design  oX  a  system  of  protection  for  three-wire  circuits 
and  of  auxiliary  balancing  apparatus  cannot  follow  inflexible 
rules,  each  ease  requiring  treatment  mure  or  less  on  its  merits. 
In  general,  two  phases  of  the  question  must  be  kept  distinct,  the 
protection  of  the  three-wire  circuit  and  of  the  receivers  connected 
to  it.  and  the  protection  of  the  balancer  set.  Determining  factors 
in  the  selection  of  a  scheme  of  protection  are, — sensitiveness  to  volt- 
age variation  of  the  receivers  connected  to  the  system,  as  incan- 
descent lights,  motors,  etc..  size  of  systems  and  of  balancing  outfits 
used,  importance  of  uninterrupted  service,  first  cost.  etc. 

Small  equipments  have  been  frequently  installed  without  auto- 
matic cut-outs  for  the  balancer,  knife  switches  only  being  provided 
fi  »r  disconnecting  the  set  from  the  system.  Where  incandescent 
lamp  load  is  served,  reasonable  voltage  balance  is  maintained  up  to 
the  flash-over  load  of  the  balancer.  Should  the  set  be  disabled  by 
excessive  short  time  overload,  however,  both  receivers  and  bal- 
ancers suff<  r. 

A  single-pole  circuit  breaker  in  the  neutral  lead  from  the  bal- 
ancer, operating  an  overload  trip  on  the  main  generator  or  feeder 
circuit  breaker  gives  more  complete  protection  for  both  receivers 
and  balancer  sets.  Some  form  of  differential  voltage  relay  may 
also  be  used  which  will  trip  the  main  circuit  breaker  when  a  prede- 
termined voltage  unbalance  is  exceeded;  in  this  case  protection  for 
the  balancer  can  be  provided  for  independently  by  the  use  of 
suitable  fuses  or  circuit  breakers.  In  general,  on  motor  load,  the 
chief  attention  can  be  directed  to  the  protection  of  the  balancer. 

SELECTION  OF  BALANCER   EQUIPMENTS 

The  full-load  rating  of  balancer  sets  is  usually  given  in  terms 
of  unbalanced  current  supplied  to  the  neutral  wire  at  a  specified 
line  and  neutral  voltage.  In  general,  for  lighting  circuits  the  bal- 
ancer may  be  selected  to  provide  for  ten  percent  unbalance.  The 
balancer  capacity  should,  however,  be  determined  on  the  basis  of 
the  half  voltage  load  connected  between  the  neutral  and  the  outer 
wires  rather  than  on  the  main  generator  capacity,  where  informa- 
tion is  available.  (  )n  large  systems  where  the  circuits  can  be  closely 
balanced  relatively  small  balancer  capacity  is  required,  while  in 
small  isolated  plants  the  converse  is  usually  true.  Other  classes  of 
service,  such  as  for  motor  drive,  battery  charging,  etc.,  frequently 
occurs  with  widely  varying  degrees  of  load  unbalancing;  such  ap- 
plications require  special  analyses,  both  as  to  unbalanced  capacity 
required  and  the  most  desirable  type  of  balancing  apparatus. 


THE    JOURNAL  QUESTION  BOX 

Our  readers  are  invited  to  use  tins  department  for  obtaining  information 
on  electrical  and   mechanical  subjects.      The   topics  should  be  of  general  in 
terest   and   of   the   kind   that   can    be   treated   briefly.     Each   inquiry   should   be 
accompanied  by  a  stamped  return  envelope. 

Address  all  questions  to   1  he  Journal  Question  Box,  care  of  The  Elet  trie 
Journal,   200   Ninth   street,   Pittsburgh,  Pa. 


7gC — Voltage  and  Power-Factor 
Improved  by  Installing  Synchron- 
ous Motor-Generator  —  Five 
freight  elevators  are  equipped 
with  direct-current  m. .tor-,  to- 
taling about  hh)  lip.  operated 
u  ith  solenoid  c> -n t r« >1  and  wound 
for  500  and  550  volts.  They 
feed  from  a  trolley  circuit  which 
varies    from  volts, 

and  this  results  in  trouble  with 
burned  out  motors  and  solenoid 
coiu.  The  maintenance  cost  i 
amounted  t<»  about  $850  for  the 
past  year.  We  also  have  a  1  000 
k.v.a.  three-phase,  -w<»  volt  system 
drawing,  at  the  present  time,  about 

1  ku  with  approximately 
percent  power- factor.  Would  it  be 
profitable  for  us  t  1  install  a  4p 
volt  synchronous  motor  direct- 
connected  to  a  500  .,.'1  generator 
or  a  rotary  converter,  thus  de- 
creasing our  maintenance  cost  Oil 
the  direct-current  side  and  in- 
creasing our  power-factor  <>n  the 
alternating-current  side.  hi. 

A  motor-generator  set  would 
offer  a  verj  convenient  means  of 
avoiding  the  serious  voltage  fluctu- 
ations "i  the  direct-current  source  of 
er,  and  if  the  motor  of  the  set  is 
a    synchronous    motor,   a-  -ted. 

this  will  serve  a-  a  mean-  of  raising 
the  power-factor  of  the  alternating- 
current  load,  if  this  synchronous 
motor  i>  of  sufficiently  lib  ral  design 
rds  field  heating  to  allow  of 
its  being  operated  with  over-excited 
fields.  It  will  he  understood  that 
strengthening  the  field  of  a  syn- 
chronous motor  has  the  effect  of 
causing  the  current  which  it  draws 
from  the  line  to  lead  the  voltage.  It 
is  this  leading  power-factor,  com- 
bined with  the  lagging  power- factor 
of  the  other  inductive  load,  which 
gives  the  resultant  increased  power- 
factor.  For  metl  calculating 
the  various  requirem  such  a 
proposition  see  article  on  "Power- 
Factor  Correction"  in  the  Journal 
for  October,  ion.  p.  043.  k.r.s. 

791 — Fluctuations  Due  to   Starting 
—    Motors — What  is  the  relative  start- 


ing current   drawn   from  the  line  111 
th(  1   polyphase  induction 

in  ..  t  0  r     pro\ ided     with     suitable 

Ll  ter  as  compared   with   that   of   a 

single-phase    motor    ,,1    the    same 
horse-power   capacity   of   the    sell 
starting  type.     It  is  desired  to  1 
m.  isl   fa\  1  irable  arrangement 
regards    minimizing     line    volta 
fluctuations.  k.a.k. 

It  should  be  understood  that,  in 
such  sizes  a-  cover  the  greal  major- 
ity of  single-phase  motors,  a  poly- 
phase motor  could  br  applied  without 
the  use  of  a  starter;  say,  for  ex- 
ample, up  to  five  horse-power. 
Moreover,  there  is  no  uniformity  in 
the  current  drawn  by  a  single-phase 
motor  at  starting.  The;.-  may  be  with 
or  without  a  clutch;  they  may  be  of 
the  spin  phase  or  repulsion  starting 
type.  Everything  else  being  equal, 
and  assuming  the  use  of  the  proper 
polypha:  rter,   the  larger  advan- 

in  starting  would  be  with  the 
polyphase  motor  as  against  any  split 
phase    type    of    single-phase    motor. 

commutator  type  of  sin. 
phase  motor  with  a  starting  rhe- 
may  be  started  as  advantageously  as 
a  wound  rotor  induction  motor  with 
resistance  starter  and  would  have 
some  advantage  over  the  polyphase 
type.  We  know-  of  no  condition 
where    a    single-phase    motor    of    any 

n  would  not  cause  a  momentary 
flicker   due   to   starting  current   equal 
at  least  to  that  of  a  polyphase  m 
provided  with   starter.  a.m.d. 

792 — Cement    for    Splicing    Belts — 
Is  it  advis  ment  the  ends 

of   belting   such   as   used    with   belt 
driven    generators    and    motors    in- 
lacing?      Where 
mid    such    cement    be    purchased, 
and  at  what   1  D.R. 

Information    i^    given    regarding 
this    subject    in    N  m    the    De- 

cember. 101  1.  issue.  The  various 
belt  manufacturers  either  make  or 
at  least  handle  suitable  material 
known  as  belt  makers'  cement, 
which  will  be  found  useful  in  splic- 
ing    belts.     The     advantage     of     the 


i>>5" 


THE  ELECTRIC  JOURNAL 


spliced  belt,  if  the  work  is  carefully 
done,  is  that  the  strength  of  the  belt 
is  not  materiallj  reduced  by  splicing 
and,  what  is  sometimes  more  im- 
am, there  is  no  sudden  jerk 
every  time  the  bolt  passes  over  the 
pulley.  Commutating  trouble  in  di- 
rect-current machines  has  been 
known  to  be  traced  to  just  such  in- 
termittent impulses  arising  from 
poorly  laced  belting.  E.R.S. 

793 — Effect     of     Short-Circuit     on 
Core    Type    Transformer — What 
is   the   appearance   of    a   core   type 
transformer   after   a   severe    short- 
circuit  on   a  system  of  practically 
unlimited    power.      (See    reference 
in     KarapetofFs     "Magnetic     Cir- 
cuit." p.  225,  problem  20).  s.C 
Unless  the  transformer  has  been 
designed  with  exceeding  care,  with  a 
view    to    standing    such    service,    the 
first    short-circuit    that    occurs    will 
probably  mash  the  windings  and  de- 
stroy them.     One  of  the  main  prob- 
lems of  the  engineer  is  to  work  out 
his  design,  both  electrically  and  me- 
chanically,   so    that    the    transformer 
will  stand  up  under  such  severe  con- 
dition-.                                                 W.M.M. 
7r,$ — Determination  of  Horse-Pow- 
er   for    Driving    Conveyors    and 
Other     Mechanical     Apparatus — 
How     may     the     required     horse- 
power   for    driving    the    following 
conveyors    be    determined.      There- 
are  54  buttons  attached  to  a  three- 
quarter  inch  steel  rope  at  intervals 
of  three   feet  and  these   run    in   a 
steel  trough   which  has  an   incline 
at    40    degrees,    to    raise    material 
from  one  level   to  another.     Each 
button  handles  about  10  lbs.  of  ma- 
terial.      The     ropes     run     through 
sprocket  wheels  at  both  ends  of  the 
trough  and  the  cables  and  buttons 
return   by   means  of   rail    supports. 
The  buttons  are  of  cast  steel  and 
the  return  rails  wrought  iron.  The 
areas  of  contact  between  each  but- 
ton   and    the    return    rails    is    one 
square  inch.     The  area  of  contact 
between  each  button  and   the  steel 
trough     is     one-half     square    inch. 
There  are  always  24  buttons  on  the 
rail   and  24  in   the   trough,   at    I 
and  bottom.    Each  button  compli 
weighs  15  lbs.     With  this  data,  can 
the    horse-power    required    be    fig- 
ured approximately?                   C.J.B. 
Such  information  is  usually  obtain- 
ed   from    the    builders   of    the    appa- 


ratus, as  the  efficiency  varies   widely 
and  they  would  doubtless  have  more 
useful  information  than  could  be  ob- 
tained     by      calculation.  Another 
method    of     approximating    the     re- 
quired     horse-power     would     be     to 
drive   the   machine   by   means  of   an 
electric     motor     and     determine     all 
power  required  by  means  of  suitable 
meters.      If   driven    by   a   steam   en- 
gine, the  horse-power  required  would 
of  course  be  obtained   by  means  of 
indicator   cards,   as   described    in   any 
engineering  handbook.  H.D.J. 
795 — Operation  of  Moving  Picture 
Arc    Lamp — (a)    Would    the    arc 
lamp  for  a  moving  picture  machine 
give  satisfacton   operation  without 
a   resistance  connected   in   series  in 
the   circuit.     J    propose  to   operate 
such  a  machine  from  a  40  volt  gen- 
erator which  is  used  in  conjunction 
with  a  storage  battery  for  lighting 
purposes,  but  have  been  told  that 
the  arc  would  be  unstable  without 
a  series  resistance,     (b)   What  size 
and   type   of   generator   would   you 
recommend  for  supplying  power  to 
an  arc  lamp  with  a  sufficient  addi- 
tional   capacity     to     take    care    of 
t  w  elve  16  candle-power  lamps.     The 
motive  power  is  a  gasoline  engine. 

E.C. 

(a) — As  neither  the  current  rat- 
ing nor  voltage  of  the  arc  lamp  in 
n-i'  are  given,  we  cannot  state 
whether  or  not  it  would  operate 
from  the  40  volt  generator  men- 
tioned. The  arc  would  possibly  op- 
erate as  a  very  short  hissing  arc, 
with  a  small  amount  of  series  resist- 
ance, but  for  picture  operation  we 
would  recommend  that  sufficient  ser- 
ies resistance  be  used  to  give  steady 
operation  of  the  arc.  This  resist- 
ance wire  will  serve  to  limit  the  cur- 
rent and  keep  the  arc  longer  and 
steadier,  or  it  may  be  that  the  de- 
sign  of  the  generator  is  such  as  will 
give  poor  regulation,  and  this  char- 
acteristic drooping  of  voltage  with 
increase  of  load  may  be  sufficient  to 
sustain  the  arc.  (b) — We  believe  it 
had  practice  to  attempt  to  operate  in- 
candescent  lamps  from  a  small  gen- 
erator, the  load  on  which  is  largely 
an  arc  lamp,  unless  the  storage  bat- 
is  of  sufficient  capacity  to  main- 
tain constant  voltage;  voltage  fluc- 
tuation due  to  the  arc  lamp  operation 
ild  be  apt  to  cause  objectionable 
Bicker  in  the  incandescent  lamps. 

C.E.S. 
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PERSONALS 

Mr.  J.  S.  Jenks,  superintendent  of 
power  of  the  West  Penn  'I  raction  & 
Water  Power  C  impany,  with  headquar- 
ters at  Connellsville,  Pa.,  has  been  pro- 
moted •  nit  general  manager  with 
es  at   Pittsburgh. 


Mr.    ]•'..    <i.    Buckwell,  tary    and 

manager    of  if    the    i         land 

impany,  i         land,  Ohio, 

sailed   on   the   Carmania   on   October   5 

.1  two  months'  business  trip  abroad. 


Mr.    II.    L.    Patti  rs< >n,  chi 
of  the   Mahoning  &  Shenango   Railway 
\    Lighl    Company,   Ybungstown,   Ohio, 
lias   resigned   to  become  chief  engin 

the  Ford  ( "uy  China  ( '.*  impany,  Ford 
City,    Pa.     Mr.   G  M.    Lemon,  of 

ungsti  iwn,   lia^   been   appi  iint<  d    I 
porary  chief  engineer   in   place  of   Mr. 
Patterson. 


Mr.  W.  !•'.  Fowler,  formerly  manager 
of  the  Pittsburgh  district  office  of  the 
Westinghouse  Electric  &  Mfg.  Com- 
pany, and  now  connected  with  the  Kuhn 
interests.   I:  Call!    rnia   to  ac- 

cept an  important  executive  office  with 
the  Sacramento  Valley  Irrigation  Com- 
pany. 


Mr.  Maxwell  11.  Sussman,  formerly 
an  engineering  apprentice  at  the  works 
of   the   Westinghouse    Electric   &    Mfg 

mpany,    who    has   been    for    the    p 
three  years  trouble  expert  and  erecting 
engineer     with     the     Crocker-  Whe< 
Company,  has  resigned  to  accept  the  po- 
sition  of   chief   engineer   of   the   Cleve- 
land  (Ohio)   Stove  Company. 


Mr.  R.  E.  Wilson,  formerly  of  the 
ineering  apprenticeship  course  of 
the  Westinghouse  Electric  &  Mfg.  Com- 
pany and  more  recently  with  the  I.  G. 
White  Company  as  commercial  engineer 
at  East  Liverpool.  Ohio,  has  accepted  a 
ition  as  new  business  manager  for 
the  Citi/ens*  Light,  Heat  &  Power  Com- 
pany of  Johnstown,   Pa. 


Mr.    H.    W.    Secor,    formerly    of    the 
neering  staff  of  the  Western   Elec- 
tric Company's  New  York   factory,  has 


resigned  to  become  const 

Electric  Importing  Company  of 

New  York  City. 


\t    the    convention    of    the    Am.  ■ 
trie    Railway    Engin<  erin 
.  held   in  (  In.-...     ,  Oct      •  r  7-1  1.   Mr. 
Martin    Schreiber,   engineer   of   mail 
nance  of  way  to  the  Public  Service  1' 
way   Company  of   Newark,   X.  J., 

elected    president     for    the    ensuing    Mar. 


Mr.  G.  1 '.  Pipi  r,  work 
the  Westinghouse  Electric  &  Mfg.  Com- 
pany,   has    been    appointed    director    61 
works    accounting  eding     Mr.    J. 

M<  \.   Duncan,  recently  appointed  man- 
ager   of    the    Pittsburgh    district 
offii 


Mr.  Harold  \V.  Brown,  of  the  sw 
ird    engineering    department    of    the 
Westinghouse    Electric    &    Mfg.    Com- 
pany, ha-  resigned  to  accept  a  position 
1  .it  the  instructs  mal  staff  1  if  Sibli 
lege,  Cornell   University. 


Mr.  A.  K.  Tackman,  formerly  of  the 
St.  Louis  district  office  of  the  Westing- 
house Electric  &  Mfg.  Company,  has 
been  appointed  superintendent  of  the 
East  St.  Louis.  Columbia  &  Water! 
Railway,  with  headquarters  at  East  St. 
I.,  luis,  ill. 


Lucius  I.  Wightman.  well  known  as  a 
technical    writer   and    publicity   manager 
in  connection   with   the  manufactun 
electrical     and     power     machinery,     an- 
nounces his  connection  with  a  new  firm 
!>e  located   in   the  Tribune  Building, 
v  York  City,  to  operate  under   the 
firm   name   of   Wightman   &    Richards, 
lors   and   consulting  engineers   in 
technical     advertising     and     marketing. 
This  reprc  Ltion  of  J    - 

A.    Richards,   Mr.  Wightman  and   Paul 
Morse    Richards. 


Industrial    Engineering    for    0 
contains    the    article    by    Mr.    Edwin    1> 
Dreyfus,    entitled     "Combined     Central 
Heating    and    Electric    Power     P 
which    appeared    in    Tin     JOURNAL    for 
August. 


IF  TIME  IS  ANY  CONSIDERATION  in  your  busini  rial 

transactions,  the  P.  &  A.  QUICK  TELEPHONE  SERVICE  is 

of  the  utmost  importance. — 

Call  8000  Main  and  ask  for  Contract   Department. 

PITTSBURGH    &   ALLEGHENY   TELEPHONE  COMPANY 
Seventh  Ave.  and  Grant  Boulevard         -         Pittsburgh,  Pa. 
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Remember 


QUALITY 

is  not  found  in 
varnishes 
that  are  not 
Glidden 
Varnishes. 

We  enjoy 
unequaled 
facilities  for 
manufacturing 
varnishes  and 
paint  specialties 
to  meet  special 
requirements. 

The  Glidden 
Varnish  Co. 

FACTORIES:  Cleveland, 0.  Toronto,  Can. 
BRANCHES:  New  York.  Chicago.  London 


IN  1913 

At  a  meeting  of  the  Executive  Com- 
mittee of  the  National  Electric  Light 
Association  on  October  11.  it  was  de- 
cided to  hold  the  next  annual  conven- 
tion in  Chicago,  probably  the  first  week 
in   June,   1913. 


NEW  A.  E  R.  A.  OFFICERS  FOR  1913 


At  the  meeting  of  the  American  Elec- 
tric Railway  Association  on  October  10 
the  following  officers  were  elected  for 
the  coming  year:  President,  George  H. 
Harries,  president  of  the  Arkansas  Val- 
ley Railway,  Light  &  Power  Company; 
first  vice-president,  Charles  N.  Black, 
vice-president  and  general  manager  of 
the  United  Railroads  of  San  Francisco ; 
second  vice-president,  C.  Loomis  Allen, 
president  of  the  Newport  News  &  Old 
Point  Comfort  Railway  &  Electric  Com- 
pany; third  vice-president,  C.  L.  Henry, 
president  of  the  Indianapolis  &  Cincin- 
nati Traction  Company ;  fourth  vice- 
president,  John  A.  Beeler,  vice-president 
and  general  manager  of  the  Denver  City 
Tramway  Company ;  secretary-treas- 
urer. H.  C.  Donecker,  Engineering  So- 
cieties Building,  New  York  City. 


NEW  BOOKS 


"Valuation  of  Public  Service  Corpora- 
tions"—  Robert  H.  Whitten.  745 
pages.  Published  by  the  Bank  Laws 
Publishing  Co.,  New  York  City. 
Price,  $5.50. 

There  has  been  a  constant  increase 
lately  in  the  growth  and  activity  of 
commissions  empowered  to  regulate  the 
operation  and  conduct  of  affairs  of  cor- 
porations  operating  public  utilities.  The 
whole  trend  is  that,  of  establishing  mo- 
nopolistic  institutions  but  at  the  same 
time  keeping  them  under  proper  govern- 
ment and  state  control.  Manifestly  the 
idea  of  recognized  monopolies  and  their 
supervision  by  utility  commissions  is 
fundamentally  underlaid  with  broad 
political  and  economic  principles.  Al- 
though this  subject  has  already  received 
tbe  attention  of  prominent  authorities, 
the  work  Mr.  Whitten  has  produced  is 
nally  valuable  in  that  it  not  only 
presents  an  expert  analysis  of  the  es- 
pials of  public  regulation  but  also  in- 
cludes a  carefully  prepared  digest  of 
the  foremost  court  decision  and  com- 
mission  rulings,  with  annotations  that 
apply    to    rendering    public    service    and 
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its  details  both  financial  and  operating. 
Mr.  WJhitten  is  particularly  qualified  to 
prepare  this  volume,  through  hi>  expe- 
rience as  librarian— statistician  of  the 
New  York  Public  Service  Commission. 
It  should  constitute  an  important  refer- 
ence volume  for  both  operating  com- 
panies and  the  regulatory  bodies.    e.d.d. 


"Syllabus   of   Mathematics"     (36   pag 
Illustrated.     Published  by  the  Society 
for    the    Promotion    of    Engineering 
Education,    Ithaca,    N.    Y.      Price,   75 
cents. 

Tin-  j  mpi  isium  of  those  funda- 

mental principles  and  methods  in  math- 
ematics which  should  constitute  the 
minimum  mathematical  requirements  of 
the  student  of  engineering,  compiled  by 
the  Committee  on  the  Teaching  of 
Mathematics  to  Students  of  Engineer- 
ing. The  report  as  printed  is  still  sub- 
ject to  discussion.  A.s  presented,  it  is 
divided  into  six  parts:  (1)  a  syllabus 
on  elementary  algebra;  (2)  a  syllabus 
on  plane  trigonometry ;  (3)  a  syllabus 
on  differential  and  integral  calculus; 
(4)  a  syllabus  on  numerical  computa- 
tion and  solution  of  equations;  (5)  a 
syllabus  on  geometry;  (6)  a  syllabus  of 
elementary  dynamics.  This  composite 
work  on  mathematics  should  certainly 
be  of  interest  to  all  students  and  former 
students  of  engineering.  It  contains 
demonstrations  of  the  most  approved 
mathematical  methods  and  is  lira 
to  tl  -  nsidered  the  most  important 
to  the  engineering  student.  It  is  in  con- 
densed form  and  at  the  same  time  the 
demonstrations  are  clear  and  explicit. 
The  comm  -  that  this  work  is 

published  t'"r  profit  and.  at  the  price 
indicated,  it  should  certainly  find  a 
ready  sale. 


"A   Manual  of   Physical   Measuremen 
— Anthony     Zeleny     and      Henry     A. 
Erikson.     _*4S  pages,   \j<>  illustrations, 
ilished  by  the   McGraw-Hill  Book 
.    New   Y<>rk   City.     Price.  $1.50. 
This  manual   is  an  outline  of  the  lab- 
ratory    experiments    given    in    the    one 
year   and    I  ir    courses    in    general 

physics  at  the  University  of  Minnesota. 
The  main  headings  are  Mechanics,  Flu- 
ids. Heat.  Electricity  and  Magnetism, 
ind  and  Light.  A  number  of  tables 
of  physical  constants  and  quantities  are 
presented  in  an  appendix. 


WANTED. 


Two  second-hand  75  kilowatt,  220 
volt,  375-425  r.p.m.  direct-current  gen- 
erators. The  Loew  Mfg.  Company, 
Cleveland,  Ohio. 


*    Whom 

Put  the  Ham 


in 


Ham 


mer: 


We  confess  we  are 
unable  to  say — But 
we  do  know  who 
put  the  HIDE  in 

Rawhide  Hammers 
and  Mallets 


The  kind  that  if 
once  used  are  always 
used.  As  our  RAW  HIDE 
GOODS  are  giving  entire 
satisfaction  to  a  large  num- 
ber of  electrical  factories, 
we  believe  you  will  be  inter- 
ested enough  to  give  the 
following  Goods  a  trial. 

Made  from  Raw 
Hide   and  by  us 

Hide  Faced  Hammers, 
Raw  Hide  Mallets, 
Raw  Hide  Gear  Blanks  for 
Gears  or  Pinions. 

Give  them  a  trial  and  be  convinced 

which  we  believe  will  result  in 
your  entire  satisfaction,  and  our 
gaining  a  new  customer. 

Holbrook  Raw  Hide  Co. 

Manufacturers 

Providence,  R.  I. 

Catalogue  sent  on 
request 
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Here's  a 
Double  -  Service 
Bit 

It  will  not  only  drill  through  wood, 
brick,  stone  or  structural  steel,  but  will 
enable  you  to  fish  your  wires  without 
any  special  tool  for  that  purpose. 

Several  fish-holes  are  provided 
through  the  center  web  of  this  bit  so 
that  one  will  always  be  available  as  the 
bit  wears  down  from  repeated  sharpening. 

Drill  your  hole  —  slip  the  end  of 
your  wire  through  the  fish-hole  at  the 
point  of  bit — pull  out  the  bit  and  your 
wire  is  automatically  fished  through  the 
partition. 

There's  a  "CLEVELAND"  Drill 
specially  designed  and  tempered  for  every 
drilling  requirement  in  the  Electrical 
Field. 

Write  for  Circular  No.  4-F 


I 


11  4-F 


^  Twist  Drill  Co. 

New  York       CLEVELAND  Chicago 


The  Unequaled 
Compound 

"OZITE" 

Joints 

Junction  Boxes 

Terminals 

Standard  Underground 

Cable  Co.  Pittsburgh7Pa. 


BOSTON,     NEW  YORK,      PHILADELPHIA 
ST.  LOUIS,     CHICAGO,    SAN  FRANCISCO 

For  CANADA: —  Standard  Underground  Cable 
Co.  of  Canada,    Lid.,    :-:     Hamilton,  Ontario 


MIDDLE  TOW  NO, 


•  AM£.RJil  A.N  • 
\  AarMco/  / 

•  # 

V 

M1DDLETOWN.O. 


American 
Ingot  Iron 

Rust  -  Resisting 


Roofing,  Siding,  Conductor 
Eaves  Trough,  Ridge  Roll, 
Valley,  Gutter,  Flashing,  Metal 
Lath,  Tanks,  Plates,  Rivets, 
Boiler   Tubes,    Ventilators. 

The  American 
Rolling  Mill  Co 

Middletown,  Ohio 

Licensed  Manufacturers  under 

the  International  Metal 

Products  Co.'s 

Patents 

District  Sales  Offices 

Pittsburgh,  1832  Oliver  Bldg. 
Chicago,  3  1 3  Peoples  Gas  Bldg. 
Milwaukee,  222  Grand  Avenue 
New  York,  Battery  Park  Bldg. 
Detroit.  614  Ford  Bldg. 

Cleveland,  952  Rockefeller  Bldg. 
St.  Louis,  814  New  Bank   of   Commerce  Bldg. 


'"american*" 
\Aarmco/  / 

V"/ 
V 

MIDDLETOWN. O. 


.  AMERICAN  . 

\AI./ 

*      # 

MIDDLETOWN.O. 


THE 

Electric  Journal 

Vol.  IX DECEMBER,  1912    No.  12 

From  time  to  time  engineering  societies  have  made 

The   Ethics     an  effort  to  formulate  a  code  in  which   rules  are 

of  the         laid  down  for  the  guidance  of  the  engineer  in  his 

Engineer      relations  to  his  employer  or  his  client.     The  desire 

for  such  a  code  must  have  heeii  dictated  by  a  need 
for  it.  and  it  is  of  course  evident  that,  with  the  growing  importance 
of  engineering  work  and  its  increasing  intimacy  of  relationship 
with  great  business  affairs,  the  conduct  of  the  engineer  is  by  no 
means  a  matter  easily  dismissed  as  requiring  no  particular  guid- 
ance or  direction.  Granting,  therefore,  the  desirability  of  certain 
rules  and  directions,  it  must  at  once  be  inquired  whether  the  diffi- 
culties encountered  by  the  engineer  in  his  conduct  with  employer 
or  client  are  essentially  different  from  those  encountered  by  any 
other  man  engaged  in  a  profession  which  does  not  belong  to  the 
trades.  The  rules  of  right  conduct  can  be  given  only  in  their  most 
abstract  form.  As  a  clear-minded  physicist  would  prefer  Newton's 
Laws  of  Motion  in  their  simple  and  pure  form,  and  make  appli- 
cation therefrom  to  a  specific  problem ;  so  should  the  engineer 
prefer  the  Ten  Commandments  and  the  Golden  Rule  in  their  sim- 
plicity to  any  derivation  therefrom  in  the  form  of  a  code,  as  applied 
to  his  own  problem. 

Human  conduct  is  a  very  complex  matter,  and  no  general  rules 
can  be  followed  with  safety  without  a  thorough  understanding  of 
each  individual  case.  To  take  as  an  instance,  which  appears  on  the 
face  very  simple,  the  right  of  ownership  of  inventions :  Let  us 
suppose  that  an  engineer,  employed  by  a  large  corporation,  which 
has  been  established  in  business  for  many  years,  makes  an  inven- 
tion in  connection  with  his  work.  It  is  reasonable  to  assume  that 
such  invention  would  not  have  been  made  if  he  had  not  been 
stimulated  by  the  work  done  around  him  and,  therefore,  while  his 
invention  may  have  added  to  the  value  of  the  company's  product,  it 
would  not  have  been  made  excepting  for  the  company's  antece- 
dents  and,  hence,   such   invention  should,  by  moral   right,   belong 
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to  the  corporation  by  which  the  engineer  is  employed.  Let  us  as- 
Mime.  on  the  other  hand,  that  an  engineer  should  be  employed  by  a 
newly  formed  corporation,  and  that  this  corporation  should  be 
guided  and  developed  by  him;  in  this  event  it  would  not  appear  a 
moral  obligation  on  the  part  of  the  engineer  thus  employed  to  assign 
his  inventions  to  his  employer.  Thus  we  have  shown  that,  even  in 
a  ease  which  seems  so  obvious,  a  general  rule  would  be  most  mis- 
leading. 

Another  point,  in  which  rather  simple  ethics  is  involved,  is  the 
question  of  knowledge  and  data  which  an  engineer  naturally  gains, 
if  employed  by  a  corporation  engaged  in  the  manufacture  of  many 
different  devices.  Here  again,  it  would  seem  as  if  a  healthy  moral 
sense  would  have  no  difficulty  in  deciding  the  question.  It  is  one 
thing  to  learn,  incidental  to  the  pursuit  of  one's  regular  duties,  and 
an  entirely  different  thing  to  devote  one's  time  to  the  acquisition  of 
data  not  one's  own.  The  carrying  away  of  information  to  which 
the  engineer  has  not  contributed  is  an  act  of  dishonesty,  and  it 
would  seem  hard  to  justify  it.  We  are  all  familiar  with  the  usual 
excuse  given  for  all  kinds  of  wrong-doing,  viz.,  that  we  want  a 
thing  to  which  we  have  no  right.  A  want  does  not  constitute  a  just 
claim  for  anything  that  we  do  want. 

Xor  can  the  well-ordered  conduct  of  business  be  reduced  to 
simple  rule.  Business  is  guided  primarily  by  a  just  appreciation  of 
right  and  wrong,  however  indefinite  this  phrase  may  sound,  and  the 
infinite  complexity  of  business  conduct  is  reflected  in  the  complexity 
of  the  common  law  which,  sad  to  relate,  has  never  been  condensed 
into  a  compendious  volume.  Young  engineers,  like  other  inex- 
perienced men,  must  learn  the  rules  of  life  from  experience ;  they 
must  be  wide-awake  to  see  what  goes  on  all  around  them  and  they 
should,  at  every  step,  ask  themselves  whether  their  conduct  is  right 
and  well-ordered,  or  wrong  and  dishonest.  With  their  eyes  directed 
towards  the  better  things  of  life,  with  their  memories  dwelling 
upon  the  finest  types  of  manhood,  who  have  been  the  founders  of 
their  art,  they  should  find  it  no  burden  but  an  inspiration  to  pursue 
the  right  course  of  conduct  in  their  work  and.  greater  still,  in  their 
lives.  B.  A.  Behrend 
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In  the  article   in  this  issue,  entitled  "Means  and 

Signs  of        Ends  in  Engineering  Education,"  I  Kan  Bishop  has 

the  Times      presented  several  interesting  and  important  truths. 

in  Details   of   administration    and   organization    n 

Industrial      vary  with  differenl   localities  and  institutions,  but 
Educution      there  are  a  few  points  which  may  be  taken  as  signs 
of  the  times. 
First     Practically  all  of  the  great  engineering  societies  have  ap- 
p<  inted  educational  committei  are  seriousl)  studying  this  qui 

tion.     Its  solution  is  no  longer  left  entirely  to  the  state  or  to  the 
hing  profession,  although  those  bodies  too  are  giving  it  much 
serious  attention. 

Second     These   engineering   societies   are  attacking  the  qu< 
tion  not  purely  from  the  point  of  view  of  increasing  the  efficienc) 
of  engineering  training  but  from  the  standpoint  of  general  indus 
trial  training  and  of  social  development  through  the  increased  effi- 
ciency of  the  rank  and  file  of  workers  in  the  trades,  such  a-  the 
moulder,  the  pattern  maker,  the  machinist,  the  electrician. 

Third— Cooperative  training— that  is,  the  alternating  of  study 
1  1"  scientific  principles  and  their  practical  application-  in  some  of  its 
numerous  form-,  is  meeting  with  increasing  approval. 

The  educational  committee  of  the  American  [nstitute  of  El< 
trical   Engineers  has  published  its  report  for  1912.     The  following 
n  extract  from  this  report,  which  is  well  worth  reading  in  its 
entirety  : — 

"In  general  it  may  be  safely  stated  that  the  continuation  school  in  which 
the  pupil,  already  regularly  employed,  gives  a  part  of  the  working  hours  1 
week  to  school  work,  shows  distinct  and  positive  signs  of  being  best  suited 
to  the  conditions  facing  the  great  majority  of  young  men. 

"These  schools,   whether  maintained   at   public  expense  or  by  industrial 
cor  OS,  should  aim  to  develop  the  mental  judgment  and   physical   skill 

required  for  promoting  the  industries  in  the  localities  in  which  they  arc  sit- 
uated.    This  means  very  close  correlation  between  the  school  work  and  the 
p  work  in  which  the  youth  is  engaged." 

The  educational  committee  of  the  American  Federation  of  La- 
bor, in  its  report  for  [912  has  the  following  to  say: — 

"The  public  school  d  teach  the  theory  of  the  trade,  while  the  actual 

practice  and  processes  should  be  taught  in  the  shop.  *  *  *  We  believe 
that  the  education  of  workers  in  trade  or  industry  is  a  public  necessity,  and 
that  it  should  not  be  a  private  but  a  public  function,  conducted  by  the  public 
and  the  expense  involved  at  public  cost.'' 

Senate  Bill  Xo.  3  now  before  Congress  provides  that  the  Fed- 
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eral  Government,  "cooperate  with  the  States  in  encouraging  instruc- 
tion in  agriculture,  the  trades  and  industries,  and  home  economics 
m  secondary  schools;  in  maintaining  instruction  in  these  vocational 
subjects  in  state  normal  schools;  in  maintaining  extension  depart- 
ments in  stale  colleges  of  agriculture  and  the  mechanic  arts;  and  to 
appropriate  money  and  regulate  its  expenditure." 

This  is  generally  known  as  the  Page-Wilson  Bill  and  the  Na- 
tional Society  for  the  Promotion  of  Industrial  Education  is  conduct- 
ing an  active  campaign  in  support  of  this  Bill.  Its  members  are  being 
urged  to  get  into  communication  with  congressmen  from  their  re- 
spective  districts.  This  Bill  is  now  in  the  hands  of  the  Tlouse  Com- 
mittee on  Agriculture  of  which  Hon.  John  Lamb  of  Virginia,  is 
chairman. 

Notwithstanding  the  importance  of  all  these  things,  the  keynote 
of  industrial  education  for  social  efficiency  is  not  the  study  of  school 
curriculums,  equipment,  teachers,  or  even  legislaton,  but  the  study 
of  young  boys  and  girls,  so  that  each  may  be  placed  in  that  line  of 
work  for  which  by  nature  each  is  best  suited.  It  may  sound  well  to 
offer  to  each  American  youth  the  opportunity  to  do  anything  that 
may  strike  his  fancy,  but  society  cannot  afford  the  thousands  of  mis- 
tits  which  this  very  method  has  produced.  We  applaud  success  and 
ignore  failure,  even  if  one  succeeds  where  a  thousand  fail.  The  edu- 
cational work  of  the  future  will  be  directed  towards  raising  the  gen- 
eral average,  rather  than  the  standard  of  a  comparatively  few  indi- 
viduals. 

C.  R.  Dooley 


The  present  issue  completes  the  ninth  volume  of 
Nine  Years     the  Journal.     Starting  in  1904  in  a  comparatively 
of  the  simple  style  as  a  magazine  for  the  young  engineer, 

Journal  there  has  been  a  steady  increase  in  the  scope  and 
number  of  reading  pages,  and  in  the  interest  evi- 
denced by  the  engineering  public.  The  original  policy  of  discussing 
engineering  matters  in  simple,  concise  language  has  been  consist- 
ently followed.  In  preparing  technical  contributions  for  publica- 
tion the  aim  has  been  to  see  that  each  step  is  clear,  to  give  reasons 
and  explanations  wherever  they  will  tend  towards  a  better  under- 
dii ig  of  the  text,  while  at  the  same  time  making  the  articles  as 
direct  and  brief  as  possible. 

This  method  of  presentation  combined  with  unusual  facilities 
for  securing  timely  contributions  from  authentic  sources  on  the  most 
recent  developments  in  the  electrical  art  has  had  much  to  do  with 
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the  rather  remarkable  success  of  the  Journal.  The  greal  majority 
of  Journal  contributors  are  men  who  are  actively  employed  in 
important  engineering  work  and  who  do  nol  ordinarily  write  for 
publication,  but  who  are  willing  to  give  of  their  experience  for  the 
benefit  of  Journal  readers.  A  considerable  number  of  these  con- 
tributors, in  their  every-day  work,  are  engaged  in  developing  im- 
proved types  of  apparatus  and  methods  of  utilizing  power.  The 
Journal,  on  account  of  its  location  n  a  great  engineering  center, 
is  in  a  position  to  keep  its  readers  in  intimate  touch  with  those  who 
arc  best  informed  regarding  current  engineering  practi  The 
means  of  generating  and  applying  electricity  are  being  improved 
and  added  to  so  rapidly  that,  in  order  to  keep  abreast  of  modern 
progress,  one  must  make  use  of  the  best  sources  of  information 
available.  Readers  of  the  Journal  all  over  the  world  have  shown 
marked  appreciation  of  the  effort>  made  to  give  them  accurate  engi- 
neering discussions  which  are  not  only  interesting  hut  worth  keep- 
ing for  future  reference. 

With  the  closing  of  the  present  volume  some  7600  pages  have 
been  published.  During  the  present  year  154500  copies  were 
issued,  an  average  of  12875  copies  per  month.  Over  9600  hound 
volumes  have  been  sold,  representing  over  115  000  copies  which  arc 
being  kept  for  reference  in  permanent  form.  In  the  Question  Box 
Department  some  815  questions  and  answers  have  been  published 
and  many  more  inquiries  have  received  personal  replies. 

While  these  figures  are  interesting  in  retrospect,  the  editors  of 
the  JOURNAL  are  more  interested  in  determining  plans  for  the 
future.  They  can  judge  in  a  general  way  from  the  subscription 
record-  that  the  Journal  is  giving  satisfaction  to  its  subscribers, 
from  the  fact  that  eighty-five  percent  of  them  are  renewing  each 
year.  But  such  facts  are  general  and  give  no  indication  of  the  par- 
ticular features  which  are  considered  most  important.  What  is 
especially  desired  is  a  considerable  number  of  direct  requests  for 
specific  types  of  articles,  for  information  along  certain  lines,  1 
The  editors  of  the  Journal  are  anxious  to  assist  subscribers  who 
will  indicate  those  problems  which  seem  to  need  solution  most 
urgently.  The  reading  pages  of  the  Journal  are  largely  devoted 
to  material  of  an  educational  nature;  its  student-,  however,  form 
an  immense  class  whose  training  has  been  of  various  kind-.  To 
-erve  the  interests  of  all  most  effectively  is  the  problem  of  the 
Journal  editorial  staff.  The  cooperation  of  subscribers  generally, 
by  indicating  their  personal  needs  for  definite  discussions,  will 
prove  mutually  helpful. 


STABILITY  OF  THE  ELECTRIC  ARC 

G.  W.  ROOSA 

AX  electric  arc  is  a  gaseous  medium,  conducting  current  and 
depending  upon  that  current  for  its  generation.  There  are 
gaseous  media  which  will  conduct  current,  but  which  are 
not  electric  arcs  except  in  that  portion  of  the  gas  in  which  current 
is  (lowing.  For  instance,  an  acetylene  gas  flame  can  he  made  to 
conduct  current,  the  arc  and  a  portion  of  the  gas  flame  becoming 
co-incidental  and  co-axial.  However,  the  arc  proper  is  the  gaseous 
medium  generated  from  the  electrode  materials  by  the  current. 

All  gases  regardless  of  the  means  of  generation  and  regardless 
of  their  constituency  exhibit  certain  physical  properties,  such  as  dif- 
fusion, expansion,  etc.  A  gas  may  be  an  element,  a  compound  or  a 
mixture  of  elements  and  compounds  and  it  may  carry  in  suspension 
minute  solid  particles  that  may  be  elements,  compounds  or  mixtures. 
Definite  chemical  and  electrical  phenomena  and  properties  are  evi- 
denced by  all  gases,  depending  upon  their  chemical  constituents. 

With  the  electric  arc,  however,  we  find  electrical  phenomena 
which  are  more  or  less  independent  of  its  chemical  constituency,  its 
physical  state  and  of  the  gases  in  which  it  exists.  These  phenomena 
distinguish  it  as  an  electric  arc  and  are  accounted  for  in  several 
theories  which  are  upheld  by  the  careful  researches  of  Steinmetz, 
Blondel,  Mrs.  Ayrton,  Child  and  other  scientists.  It  is  not  the  pur- 
pose of  this  discussion  to  comment  upon  these  theories,  but  rather  to 
point  out  a  property  of  the  electric  arc  that  is  worthy  of  note  by 
all  of  its  users,  whether  they  employ  it  in  the  electric  furnace,  the 
are  lamp  or  the  nitrogen  generator.  This  property  may  be  called 
stability  because  the  arc  cannot  exist  without  it.  It  is  directly  rela- 
ted to  the  sustaining  power  and  rigidity  of  the  arc,  the  first  factor 
lending  continuity  of  existence  and  the  second,  shape  and  position. 

Due  to  physical  and  chemical  properties  common  to  all  gases, 
and  to  certain  electrical  properties  the  gaseous  medium  of  the  elec- 
tric arc  is  constantly  dissipated  by  convection,  diffusion,  expansion, 
combustion,  etc.  Hence  it  must  be  replenished  in  some  manner. 
This  takes  place  at  both  the  anode  and  cathode,  the  latter 
without  doubt  generating  by  far  the  larger  amount  of  the 
gaseous  conductor.  It  can  be  shown  by  a  variety  of  experiments 
that  the  gases  generated  by  the  cathode  perform  a  function  more 
important  than  those  by  the  anode.     The  absolute  necessity  of  the 
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continuity  of  the  cathode  spol  and  its  vapor  blast  in  the  mercury 
arc  rectifiei  .  and  the  ease  of  transfer  of  the  anode  spol  from  one 
anod<   t"  another,  indicate  thai  the  g  iroduced  at  the  : 1 1 1  < » « I *. -  spot 

plaj  a  small  pan  in  the  generation  of  the  gaseous  condui  tor  and  the 
maintenance  oi  the  currenl  flow,  as  compared  with  those  produced 
at  the  i  atli'  >de  spot. 

NORMAL   ARC 

[f  it  In.  assumed  that  an  electric  arc  in  the  vertical  position  as  in 

I  ig    i,  is  burning  in  an  atmosphere  devoid  of  other  air  currents  than 

those  <'t"  convection  resulting  from  tin-  heal  of  tin-  arc;  devoid  <>i 

ssure  variations,  ami  variations  in  local  magnetic  fields;  that  it  i- 

burning  between  two  horizontal  parallel  electrode  surfaces  with  the 

blast  issuing  from  the  lower  electrode,  ami 
not  issuing  from  a  molten  6r  heterogeneous 
portion  "f  the  electrode;  it"  tin-  arc  stream 
be  assumed  devoid  of  weight  ami  therefore 
/  devoid  of  inertia.;  ami  if  expansion,  diffu- 

m^  sion  and  radiation  take  place  everywhere  at 

M a  o>n>tant  rate  at  right  angle-  t"  tin-  line  of 

current  flow,  then  there  exists  no  external 
or  internal  force  t"  vary  the  cathode  blast 
from  thi>  direction.  The  power  of  fin- 
tinned  existence  in  a  given  position  ami  I 
maintain  a  constant  shape,  under  th< 
conditions  with  a  constanl  voltage  supply  is 
normal  arc         called  stability. 

SUSl  AINING  POWER 

A-  the  continuity  of  existence  is  dependent  to  a  great  extent 
upon  the  cathode  blast,  the  sustaining  component  of  stability  may  he 
represented  by  the  energy  consumed  in  the  generation  of  th< 
on-  medium.  To  simplify  matter-  assume  that  Fig.  i  represents  the 
normal  arc.  Any  force  external  or  internal  overcoming  it-  sustain- 
ing power  must  art  in  the  direction  ><i  the  Y-or<linate  ami  therefore 
may  he  represented  by  /•'...  The  value  of  F  i-  the  reduction  in 
e.m.f.  necessary  to  reduce  the  current  t"  such  a  degree  that  the  en- 

•  consumed  in  the  production  of  the  gaseous  conductor   fall- 
below  that  required  to  generate  a  sufficient  amount  of  these  gases. 


I 


*a^> 


•See  "The  Theory  of  the  Operati-T.  of  Mercury  Rectifiers,"  by  Mr    R. 
P   Jackson,  in  the  Journal  for  June,  1912, 
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A  fair  example  of  a  normal  arc  is  shown  in  Fig.  2.    This  illustra- 
tion is  a  sketch  from  a  four  ampere,  66  volt  metallic  flame  arc  lamp. 

RIGIDITY 

The  rigidity  of  the  arc  is  its 
power  to  overcome  forces  tend- 
ing to  move  or  bend  it  from  the 
normal  position.  Its  value  is  in- 
dependent of  the  energy  con- 
sumed at  the  cathode  blast.  Re- 
ferring again  to  Fig.  1,  it  may 
be  seen  that  any  force  external 
or  internal  opposing  rigidity 
must  act  at  right  angles  to  the 
Y-ordinate.  It  may,  therefore, 
be  represented  by  Fxz.  The 
value  of  Fxz  necessary  to  make 
an  appreciable  alteration  in 
shape  or  position  of  the  arc  is 
very  small.  It  is  not  definitely 
measurable  as  in  the  case  of  Fy. 

ABNORMAL  ARC 


FIG.   2 — SKETCH   OF    NORMAL   4  AMPERE, 
66   VOLT    METALLIC   FLAME  ARC 
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Assume  an  arc  of  any  other  shape  such  as  a,  b,  c,  d  or  e,  Fig.  3, 
to  be  an  abnormal  arc.  A  normal  arc  becomes  abnormal  as  soon  as 
affected  by  the  force  Fxz.  The  force  now  necessary  to  overcome 
the  sustain  ing 
power  is  not  in 
t  h  e  Y-direction 
but  at  an  angle  to 
it.  It  is  always 
in  a  direction  co- 
axial with  the 
path  of  the  cur- 
rent except  when, 
as  in  d  and  e,  Fig. 
3,  the  arc  length- 
ens so  far  that 
the  potential  drop 
from  electrode  to 

electrode  or  between  two  points  of  the  arc  stream  is  equal  to  or 
greater  than  the  e.m.f.  required  to  jump  that  distance.     Then  the 
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FIG.    3 — ABNORMAL   ARC 

a — Arc  stream  displaced,     b — Anode  displaced,     c— En- 
tire arc  displaced,    d  and  e — Arc  near  reformation. 
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direction  of  the  uch  as  to  establish  a  new  arc,  or  path  of 

current  flow,  taking  the  place  of  the  original  one  al  such  positi 
a>  illustrated  by  the  dotted  lines  x  in  </  and  e  of  Fig.  3.     Then 
the   force  necessary  to  overcome  the   sustaining  power  is   in  the 
direction  of  the  d< >tted  line. 

Also  any   force,  externa!  or  internal,  affecting  rigidity  in  an 
abnormal  arc  musl  act  al  righl  angles  to  the  direction  of  the  current 
path.    Thus  it  ma)  be  acting  in  a  combination  of  A'.  )'  or  Z  din 
tions  depending  upon  the  point  of  application. 

INHERENT   PROPERTIES   REDUCING  STABILITY. 

Because  it  is  a  gaseous  conductor  the  electric  arc  po  -  qual- 

ities (some  of  them  not  found  in  liquid  conductors  and  still  more 

not    found  in  solid  conductors)   that  detract   from   stability.     They 
are  outlined  below  in  their  apparent  order  of  influence. 

Gaseous  State  -Unlike  solid  and  liquid  conductors  the  shape, 
size  and  position  of  the  gaseous  medium  is  constantly  varying. 

Ratio  of  Length  to  Cross-Section — Ratio  of  length  to  en 
tion  is  in  general  the  ratio  of  the  arc  voltage  to  the  current.     An 
arc  of  high  ratio  is  lacking  in  stability. 

Condition  of  Cathode  Spot — A  liquid  condition  of  the  cathode 
spot  gives  evidence  of  easy  movement  of  the  arc.  Thus  the  mercury 
electrode  of  the  mercury  rectifier  shows  rapid  motion  of  the  cathode 
spot.  Molten  iron  on  a  cathode  of  iron  exhibits  to  a  less  degree  the 
same  effect. 

Direction  and  Inertia  of  Cathode  Blast — The  main  force  of  the 
cathode  blast  may  not  be  directly  toward  the  anode  spot,  thus  caus- 
ing an  abnormal  arc  as  c,  Fig.  3. 

flexibility — Due  to  this  property  the  arc  can  be  distorted  into 
almost  any  shape. 

Weight — A  gaseous  medium  of  light  weight  is  most  easily  af- 
fected. 

Undoubtedly  radiation,  expansion  and  diffusion  play  a  part  in 
the  maintenance,  shape  and  position  of  the  arc,  but  the  effects  pro- 
duced are  of  a  minute  order. 

To  say  that  the  sustaining  power  would  be  increased  or  de- 
creased directly  by  any  of  the  inherent  properties  mentioned 
above  would  be  misleading,  but  it  is  true  that  rigidity  and  sustaining 
power  are  inter-connected,  due  to  these  inherent  properties,  and 
variations  in  ratio  of  length  to  cross-section  and  the  condition  of 
the  cathode  spot  are  directly  connected  with  the  maintenance  of 
the  arc. 
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The  ratio  of  the  voltage  of  the  arc  to  that  of  the  steadying  re- 
sistance or  reactance  on  constant  potential  circuits,  or  the  steady- 
ing effect  of  the  constant  current  regulating  transformer  on  constant 
current  circuits  will  affect  materially  the  sustaining  component  of 
stability.  In  other  words  arcs  cannot  be  operated  on  constant  po- 
tential if  the  ballast  effect  is  too  low.  As  soon  as  the  current  de- 
creases to  a  certain  value  the  watts  consumed  at  the  cathode  do  not 
generate  proper  quantities  of  the  gaseous  medium.  In  a  constant 
current  circuit  if  we  eliminate  the  steadying  effect  of  the  regulating 
transformer  it  becomes  a  constant  potential  circuit  and  the  above 
conditions  exist. 

Practically  everyone  of  the  inherent  properties  outlined 
rob  the  arc  of  rigidity.  Due  to  their  combined  existence  the  arc  is 
most  readily  moved  near  its  centre,  less  affected  at  the  anode  end 
r<n^  and  least  affected  near  the  cathode.     There  are 

also  some  external  variables  controlling  and 
limiting  the  effects  of  a  given  force  Fxz  upon  the 
arc  or  upon  different  portions  of  the  arc.  For 
instance,  the  atmospheric  pressure  will  deter- 
mine the  density  of  the  arc  and  thus  its  shape 
and  position.  Impurity  and  heterogeneity  of 
electrodes  cause  variations  in  the  direction  of 
cathode  blast.  This  is  practically  similar  to  an 
external  force  Fxz  applied  at  the  cathode  spot. 
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FIG.         4  —  KLKCTRIC 

ARC    IX    THE    vi-       RESULTS     PRODUCED     BY     VARIOUS    FORCES    ACTING 

UPON    THE   ARC 
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UNIFORM    FIF.LD 


The  forces  resulting  from  air  currents,  magnetic  fields,  move- 
ments and  presence  of  solid  obstructions,  etc.,  affect  the  rigidity 
component  first,  and  finally  the  sustaining  component.  The  result 
is  a  change  of  the  arc  from  normal  to  abnormal  shape  by  deflection 
first,  followed  by  an  actual  change  of  position  and  ultimately  an 
irregular  elongation  terminating  often  in  the  rupture  of  the  arc. 
The  forces  due  to  variations  in  the  inductance  or  resistance  of  the 
external  or  internal  circuit  affect  the  sustaining  component  only. 

Air  Currents — The  effects  of  air  currents  upon  the  arc  stream 
might  be  detailed  into  an  elaborate  discussion,  but  one  or  two  of  the 
most  important  are  worthy  of  note  at  this  time.  A  draft  of  air  pro- 
ducing a  force  at  right  angles  to  the  line  of  current  flow  will  move 
the  arc  to  one  side  and,  if  of  sufficient  strength,  will  lengthen  it  as 
in  a.  h,  c,  d  and  c.   Fig.  3  to  its  ultimate  strength.     The  ultimate 
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strength  of  an  arc  is  tin.-  minimum  value  of  stability  and  o<  i  urs  when 
tin-  energy  available  for  the  production  of  the  gaseous  conductor 
falls  below  that  required  t"  supply  a  sufficient  quantity  of  gaseous 
medium  for  proper  conduction  of  current.  This  quantity  varies 
under  many  conditions  "t'  temperature,  pressure,  eti 

An  air  current  movii  axially  to  the  electric  currenl  flow, 

whether  positive  or  negative  in  direction  relative  i"  the  direction  oi 
cathode  blast,  changes  the  sustaining  component  of  stability  by 
variations  in  tin-  percentage  of  vapor  entering  into  tin-  arc  stream  as 
useful  conducting  vapor.  A  peculiarity  of  this  nature  in  commer 
rial  application  occurs  in  the  metallic  flame  arc  lam]..  Fig.  _•.  when  a 
draft  of  aii-  co  axial  with  the  arc  and  in  the  direction  of  the  cathode 
blast  tends  td  eliminate  the  effects  "i"  Forces  acting  al  right  angles 
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FIG.  5 — INTERACTION  OF  PARALLEL  ARCS 

a — Two  ar.  ting  one  another. 

b — Two  arcs  repelling  one  another. 

c — Tw>  arcs  neutralizing  the  field  around  a  third  arc  between  them. 


to  the  current  flow.     This  is  evidenced  by  a  steadier  arc  than  when 
the  co-axial  nn»\einent  of  air  is  absent. 

A  sudden  change  in  the  direction  of  the  cathode  blast  is  often 
caused  by  air  movements  which  extinguish  the  arc  by  the  reduction 
of  the  sustaining  power.  In  this  connection  it  is  interesting  to  i 
that  the  arc  may  never  reach  its  ultimate  strength  under  the  fore-  of 
a  constant  and  steady  draft  but  the  sudden  termination  or  restarting 
of  this  draft,  whether  in  the  X,  V  or  Z  direction,  will  often  extin- 
guish the  arc.  This  is  no  doubt  due  to  the  sudden  change  in  dir 
tion  of  a  part  of  the  arc  stream,  at  which  time  the  cross-section,  the 
current,  the  watts  at  the  cathode  and  thus  the  sustaining  power  are 
reduced  to  the  minimum  value.  In  small  energy  arcs,  such  as  in  the 
arc  lamps  consuming  from  300  to  500  watts,  draft  conditions  in  the 
vicinity  of  the  arc  should  be  carefully  considered. 

Magnetic  Fields — To  the  extent  of  complete  elimination,  mag- 
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netic  fields  in  the  vicinity  o\  an  electric  arc  arc  unavoidable  and  in- 
somuch as  the  slightesl  magnetic  field  produces  perceptible  changes 
in  the  shape  and  position  of  the  arc  stream,  undesirable  in  arc 
".•.nips,  but  desirable  in  magnetic  blow-out  apparatus,  their  laws  must 
be  understood  and  the  strength  of  the  fields  controlled. 

The  laws  of  direction  and  magnitude  of  a  force  produced  by 
the  presence  of  a  current-carrying  gaseous  conductor  in  a  magnetic 
field,  arc  the  same  as  those  in  a  current-carrying  metallic  conductor. 
\  given  current  in  the  conductor  of  one  centimeter  length  whether 
a  solid,  liquid  or  gas,  and  in  a  magnetic  field  of  intensity  77  will  exert 
a  force  <»f  /  H  L  dynes  at  right  angles  to  the  current  flow.    Thus: — 

F  =  IHL 

When  F  =  dynes,  L  =  centimeters  of  conductor  in  the  presence 
of  magnetic  field  of  H  intensity  and  7  =  the  value  of  the  current. 

The  result  of  this  in  the  solid  con- 
ductor is  a  tendency  to  displace  the 
entire  conductor  but  in  the  case  of  the 
arc  those  portions,  which  are  less 
rigid  than  others,  are  displaced  more. 
This  results  in  many  peculiar  distor- 
tions of  the  arc. 

Suppose,  for  instance  in  Fig.  4,  that 
current  is  flowing  from  the  positive  to 
the  negative  electrode  and  that  a  mag- 
netic field  of  uniform  density  is  pres- 
ent at  right  angles  to  the  surface  of 
the  page.  In  the  illustration  the  flux 
is  considered  as  positive  in  the  direc- 
tion away  from  the  reader.  The  separate  fields  of  the  arc  and  of  the 
vicinity  do  not  exist  alone  but  the  resultant  flux  to  the  right  of  the 
arc  is  decreased  and  to  the  left  increased.  This  is  an  old  and 
familiar  illustration,  hence  explanation  is  unnecessary. 

Some  interesting  experiments,  as  illustrated  in  Fig.  5  a,  &  and  c , 
show  the  effect  of  neighboring  arcs,  each  one  being  in  the  vicinity 
of  the  magnetic  field  from  the  other.  In  a  two  arcs  of  the  same 
polarity  tend  to  coincide,  in  b  two  arcs  of  opposite  polarity  repel 
h  other  and  in  c  a  stray  field  is  neutralized  by  another  stray  field. 
If  an  alternating  field  is  imposed  upon  a  direct  current  arc  or  vice 
versa,  the  result  is  a  synchronous  movement  of  the  arc  to  the  right 
and  left  appearing  to  the  observer  as  two  arcs. 
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FIG.  6 — ELONGATION  OF  AN  ELEC- 
TRIC ARC  SHOWING  THE  FORCES 
ACTING  IN  VARIOUS  DIRECTIONS 
JUST  BEFORE  ULTIMATE 
STRENGTH    IS  REACHED 
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The  arc  iii  Fig.  (>  is  on  a  direct-current,  <«»>  volt  circuit  in 
with  considerable  inductance  and  resistance,  thus  increasing  the 
sustaining  characteristics.  The  forces  exerted  due  to  a  uniform 
field  similar  to  that  assumed  in  Fig.  4  act  always  at  right  angles  to 
the  current  direction  as  shown  by  arrows  at  various  points.  As  the 
arc  elongates  it  changes  from  a  straight  to  an  arched  stream  and 
even  to  a  circular  stream  reaching  the  ultimate  strength  at  about  the 
shape  shown  in  Fig.  6.  It  is  evident  that  a  large  variety  of  sha] 
is  possible.  Many  pretty  experimental  arcs  ran  be  produced  by  the 
imposition  of  magnetic  fields  upon  flame  at 

I  designing  engineers  utilize 
these  laws  in  the  prevention 
1  »f  side  lil'  >\\  i  11  t_r  1  »f  the  arc  in 
arc  lamps,  in  the  sudden  ex- 
tinction of  the  high  energy 
arc  of  the  magnetic  blow-out 
circuit  breaker  and  in  the  re- 
peating arc  of  the  nitrogen 
generator  by  reformation  as 
in  Fig.  3,  (I  and  e.  Fig.  7 
shows  a  modern  flame  car- 
lion  arc  lamp,  employing  a 
magnetic  blow  coil  to  neutral- 
ize the  tlux  from  the  current 
in  the  side  rod. 

Solid  Obstructions  —  The 
intervention  of  a  solid  ob- 
stacle, such  as  a  small  cop- 
per rod,  will  cause  the  arc  to 
bend  to  one  side  and  con- 
form to  the  shape  of  rod.  However,  unlike  a  gas  flame  it  will  not 
surround  the  rod  but  must  pass  only  on  one  side.  The  movement 
of  a  copper  bar  across  the  arc  exerts  a  force  pushing  the  arc  to  one 
side  changing  its  shape  and  position  and  ultimately  causing  it  to  rup- 
ture. If,  however,  the  obstruction  is  small  in  cross-section  and  cuts 
the  arc  near  the  anode  end  of  the  arc  stream,  rupture  does  not  al- 
\\a\  -  occur. 

A  photograph  of  a  15  ampere,  21S  volt  iron  arc,  distorted  by 
the  presence  of  an  obstruction,  is  shown  in  Fig.  8.  The  straight  line 
distance  between  electrodes  is  iH  inches  but  the  arc  is  bent  out  con- 
siderable, passing  around  the  one  inch  copper  pipe  placed  directly 
between  the  electrodes. 
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FIG. 7— LUXC.      BURNING      ALTERNATING 
Rl-NT   FLAME   CARBON    ARC    LAMP 
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Cathodic  Recoil  Arcs  issuing  from  a  molten  cathode  appear 
to  cause  a  depression  in  the  molten  mass  up  the  sides  of  which  the 
cathode  spot  is  constantly  climbing.  This  action  results  in  a  con- 
stant traveling  of  the  arc.  It  may  he  considered  as  the  result  of  a 
force  l\.  applied  to  the  arc  approximately  al  the  cathode.  Rupture 
seldom  results,  for  the  sustaining  power  is  little  affected  by  it. 

(  ounter-e.m.f.  or  J' aviations  in  Cir- 
cuit Inductance  or  Resistance  The  only 
force  directly  opposing  the  sustaining 
component  of  stability  is  a  force  accom- 
panying an  increase  in  e.m.f.  supplied.  If, 
due  to  elongation,  the  internal  resistance 
or  inductance  of  an  electric  arc  increases, 
an  additional  internal  e.m.f.  is  required 
and  when,  as  in  a  constant  potential  cir- 
cuit no  provision  is  made  to  supply  addi- 
tional e.m.f.  the  sustaining  component  of 
stability  is  reduced,  the  extinction  of  the 
arc  follows  providing  its  ultimate 
strength  is  reached.  Should  the  ex- 
ternal circuit  by  some  means  exhibit  in- 
crease in  resistance  or  inductance,  the  arc 
voltage  would  be  reduced.  This,  then,  is  also  a  force  acting  directly 
on  the  sustaining  power  of  the  arc.  However,  the  presence  of  con- 
stant values  of  resistance  and  reactance  produces  a  very  steady  arc 
by  storing  energy  and  supplying  it  to  the  arc  when  decreases  of  sup- 
ply voltage  occur. 


Fir;.  8 — IRON'  ARC  OF  15  AM- 
PERES AND  2l8  VOLTS 
SHOWING  DISTORTION  DUE 
TO  THE  PRESKXCE  OF  A 
ONE-INCH   COPPER  PIPE 


WEANS  AND  ENDS  OF  ENGINEERING  EDUCATION 

1     L.  BISHOP 
D.-ai     s         I  of  Engineering    i  niversft     i  Pittsburgh 

Till  fundamental  object  of  engineering  education  as  oi  all 
higher  education  is  the  development  of  character  and  the 
preparation  of  the  young  for  citizenship.  Instruction,  which 
i-  but  a  part  of  education,  has  for  it-  object  the  development  oi  the 
intellect  and  the  transmission  of  knowledge.  However,  instruction 
i-  not  the  principal  part  of  education  ;  for  character  is  more  essentia] 
than  either  knowledge  or  intellect.  In  college  we  do  inert-  than 
learn  the  lessons  given  us;  we  live  in  an  intellectual  and  moral  at- 
mosphere, acquire  habits  of  thought  and  behavior.  "To  imagine 
that  youths  who  have  passed  through  college  and  universities,  and 
have  acquired  a  certain  knowledge  of  languages  and  sciences,  but 
have  not  formed  strongly  marked  characters,  should  forge  to  the 
front  in  the  world  and  become  leader-,  is  to  cherish  a  delusion." 

I  Ik-  methods  to  be  employed  for  the  development  of  character 
dc.  not  differ  materially  in  the  engineering  school  from  those  em 
ployed  in  the  college  of  liberal  arts.  It  is  not.  therefore,  my  pur- 
pose in  this  paper  to  discuss  these  methods  which  should  be  com- 
mon to  all  educational  institutions,  but  rather  to  deal  with  the  best 
conditions  and  methods  for  imparting  to  students  the  knowlei 
which  i>  mosl  important  for  the  engineering  profession,  remember- 
ing always  that  everything  tend-  to  form  character  and  that  this  is 
fundamental. 

From  the  undergraduate  department  of  a  school  of  engineer- 
ing we  may  expect  men  who  will  fall  in  either  one  or  the  other  of 
two  classes,  namely,  the  designing  engineer  or  the  productive  en- 
gineer.    In  other  words,  the  school  must  produce  not  only  the  n 
who  has  a  knowledge  and  knows  how  to  use  it,  of  physics,  matl 
matics,  properties  of  material-,  etc.,  but  also  the  man  who  posses 
this  knowledge  comhined  with  an  understanding  of  human  nature. 
obtained  by  actual  contact  with  man.  a  knowledge  of  the  economic 
importance  of  the  various   factors  which  enter  into  the  output   ol 
any  concern,  together  with  an  appreciation  of  the  fact  that  expedi- 
ency enters  into  all  engineering  problems. 

♦Abstracted    from   a   paper   read   before   tbe   Pittsburgh    Section    of   the 
American  Institute  of  Electrical  Engineer  ember  12,  1912 
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SELECTION  OF  THE  FACULTY 

The  first  and.  perhaps,  determining  factor  in  any  school  is  its 
faculty,  upon  the  selection  of  which  depends  the  character  which  is 
to  be  given  to  the  teaching  of  the  school.  Mr.  Gano  Dunn,  junior 
past  president  of  the  American  Institute  of  Electrical  Engineers,  in 
his  presidential  address,  indicated  the  main  object  of  engineering 
education,  as  follows:  "The  profession  of  electrical  engineering 
not  only  deals  with  single-phase  motors,  storage  batteries,  high-ten- 
i  transmissions,  turbo-generators,  coronas,  carbon  transmitters 
and  commutation,  as  an  occupation,  but  it  also  is  a  way  of  thinking, 
and  as  such  is  not  an  occupation,  but  the  latest  and  most  highly  de- 
veloped scientific  method  of  solving  all  kinds  of  practical  problems 
of  matter  and  force,  for  the  benefit  of  the  human  race." 

If  we  are  to  consider  engineering  as  a  way  of  thinking,  it  is 
important  that  members  of  the  faculty  be  men  who  represent  this 
idea ;  men  who  consider  engineering  as  a  way  of  thinking  rather 
than  an  occupation ;  in  other  words,  men  who  apply  this  method  of 
thinking  to  many  problems  outside  of  their  occupation. 

The  members  of  the  faculty  exert  an  immense  influence  upon 
the  lives  of  the  young  men  with  whom  they  come  in  contact.  This 
influence  is  so  subtle,  many  times,  as  to  be  almost  impossible  of  dis- 
covery. It  often  extends  to  the  assumption  of  mannerisms  of  the 
instructor  as  well  as  the  reproduction  of  his  general  habits  of 
thought.  It  is,  therefore,  important  that  the  student  should  come 
in  contact  with  the  very  best  minds;  men  who  have  the  highest 
ideals  of  the  engineering  profession. 

In  general  the  policy  employed  in  the  selection  of  a  faculty  has 
been  to  select  an  individual  graduate,  make  him  an  assistant,  later 
an  instructor,  and  finally  a  professor.  His  entire  training  may  be, 
and  often  is,  confined  to  his  undergraduate  course,  and  what  he  has 
learned  from  the  students  he  has  taught.  This  type  of  man  becomes 
convinced  that  he  is  an  authority  mainly  from  the  fact  that  he  has 
been  dealing  with  inferior  minds  who  naturally  look  to  him  as  a 
leader. 

That  this  type  of  man  did  not  make  the  best  teacher  was  recog- 
nized a  number  of  years  ago  when  an  attempt  was  made  in  certain 
schools  to  remedy  this  evil  by  having  the  instructors  spend  a  part 
of  their  time  in  practical  engineering  work.  This  is,  however,  only 
a  partial  solution.  It  would  seem  advisable  to  reverse  the  order  and 
have  on  the  faculty  a  few  men  who  devote  most  of  their  time  to  the 
practice  of  their  profession,  but  who  will  devote  to  the  school  suffi- 
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cient  time  and  energy  to  impress  upon  it  and  the  students  with 
whom  they  come  in  contact  the  besl  ideals  of  the  engineering  pi 
fession.    A  faculty,  if  properly  adjusted  in  numbers  and  ability  be- 
tween those  who  devote  the  major  part  of  their  lives  to  education 
and  those  who  devote  most  of  their  time  to  the  practice  of  their  pro 
fession,  would  provide,   I   believe,  an   ideal   faculty.     When  tl 
practicing  engineers  ad  as  heads  of  departments  it  is  necessary  to 
have  under  their  direction  a  competent  younger  man  who  is  the  oper- 
ating head  of  the  department. 

LECTION    OF    SI  I   1>I   NTS 

The  manufacturer  of  high  grade  machinery,  instruments,  etc., 
must,  if  he  is  to  have  a  firsl  class  product,  begin  by  a  proper  selec- 
tion of  the  material  which  is  to  enter  into  his  finished  product  This 
is  especially  true  of  engineering  schools  which  desire  to  produce 
high  grade  men.  Two  main  methods  arc  employed  for  selecting 
freshmen  for  entrance  to  college,  examination  and  certificate.  The 
first  method  is  based  upon  the  old  English  style  of  education,  which 
is  to  judge  a  man's  knowledge  by  his  ability  to  pass  an  examination. 
This  method  is  growing  obsolete  in  this  country.  The  second  meth- 
od, that  of  admission  by  certificate,  is  a  far  superior  one  if  properly 
administered. 

A  school  of  engineering  at  a  university  possesses  inherent  ad- 
vantages over  the  separate  engineering  school  in  the  selection  of 
it-  upper  classmen  from  the  freshmen  When  a  freshman  in  engi- 
neering displays  an  utter  lack  of  appreciation  of  those  subj< 
which  go  to  make  an  engineer,  he  can  he  advised  to  transfer  to  some 
other  school  or  department  which  seems  more  nearly  adapted  to  his 
al  ility.  Many  students  enter  the  engineering  courses  without  any 
appreciation  of  the  hard  work  necessary  to  complete  the  course  or 
the  duties  of  an  engineer.  Each  student  should  he  given  every  p 
sible  opportunity  between  the  time  he  enters  and  the  time  at  which 
he  musl  select  hi-  particular  course  to  become  acquainted  with  the 
profession  which  he  proposes  to  follow. 

This   is   much   more   important   in   engineering   than   in   law   <>r 
medicine,  because  a-  a  boy  he  doe-  n  >t  in  general  have  the  same  op- 
portunity to  eome  in  contact  with  members  of  the  engineering  pro- 
fession that  he  does  with  other- 

Lectures  by  prominent  engineers  covering  many  phase-  of  en- 
gineering work  together  with  vi-it-  of  inspection  to  many  kind-  ol 
engineering  plants  should  constitute  a  part  of  the  required  work  of 
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the  first  two  years.     In  addition  frequent  conferences  with  the  mem- 
bers of  the  teaching  staff  should  he  held. 

EN\  [RONMENT 

The  effect  of  em  ironment  or  location  of  the  school  of  engineer- 
ing upon  its  students  has  received  very  little  consideration  until  re- 
cent!}'. However,  it  is  recognized  that  there  are  two  classes  of  col- 
leges:  the  country  and  the  city  college.  In  the  former  the  whole  life 
of  the  student  is  hound  up  in  the  small  circle  which  revolves  within 
the  college  town.  This  is  the  old  type  of  classical  college  in  this 
country  and  has  many  things  to  commend  it. 

hi  the  other  college,  the  life  within  the  school  is  only  inciden- 
tal to  the  greater  movements  which  are  taking  place.  The  student 
is  in  constant  contact  with  the  current  events  in  the  business  world, 
with  the  development  and  solution  of  various  social  and  economic 
problems.  In  engineering  he  is  in  constant  contact  with  the  best 
methods  of  manufacture  in  various  lines.  He  listens  to  lectures  by 
the  engineers,  becomes  a  junior  member  of  an  engineering  society 
and  by  means  of  visits  of  inspection,  cooperative  work,  etc.,  is  alive 
to  changes  which  his  profession  is  undergoing  and  enters  the  spirit 
of  it  long  before  graduation. 

Education  has  been  defined  as  the  adaptation  of  the  individual 
to  his  environment.  One  of  the  chief  criticisms  against  the  schools 
of  engineering  has  been  that  the  young  graduate  did  not  readily 
adapt  himself  to  his  surroundings.  This  has  been  well  founded  and 
it-  cause  probably  arises  from  the  fact  that  the  student  during  his 
four  years  at  school  has  lived  in  an  artificial  atmosphere.  It  is  evi- 
dent then  that  the  engineering  school  must  be  located  in  an  engi- 
neering center  where  the  student  engineer  can  observe  the  genera- 
tion and  transmission  of  large  quantities  of  power,  study  the  prop- 
erties of  material  while  in  the  process  of  manufacture,  etc.  Such 
facilities  are  afforded  only  at  the  large  industrial  centers  and  no- 
where are  they  so  well  exemplified  as  at  Pittsburgh. 

COOPERATIVE  WORK. 

A  logical  outcome  of  the  location  of  a  school  of  engineering 
in  an  industrial  environment  is  some  form  of  cooperative  work- 
whereby  the  student  can  make  the  most  of  his  opportunities.  This 
work  originated  with  Dean  Schneider  of  the  University  of  Cincin- 
nati and  a  modification  of  it  was  adopted  by  the  University  of  Pitts- 
burgh some  three  years  ago. 

The  plan  in  brief  is  this:  During  the  freshman  year  the  student 
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remains  in  school  the  entire  time.  I  hiring  the  sophomore  and  jun- 
ior years  he  spends  half  the  time  in  school  and  half  in  practical  work, 
interchanging  every  three  months.  During  the  senior  year  he 
spends  his  entire  time  at  the  University.    By  this  means  the  faculty 

1  out  into  practical  work  only  those  men  with  whom  it 
quainted,  and  consequently  the  grade  of  nun  given  to  the  industrial 
establishments  is  fairly  good. 

It  would  -rem  that  the  fundamental  principle  of  the  coopera 
tive  work  lies  in  the  fact  thai  a  freshman  is  intensely  interested  in 
those  things  which  do  not  materiallj  interest  a  senior  or  a  graduate 
student.     The  whole  operation  of  a  manufacturing  concern  or  the 
construction  of  any  great  engineering  work  appeals  to  the  imagina 
tion  of  the  freshman  who  is  engaged  in  it.  in  a  way  that  it  docs  not 
to  the  graduate.    He  is  anxious  to  do  his  work  well  in  order  to  dem 
onstrate  to  the  working  man  and  his  colleagues  that  he  is  the  equal, 
and  possibly  the  superior,  of  any  of  them. 

The  acquaintances  made  by  the  student  among  the  engineers 
and  others  employed  by  the  concern  is  certainly  a  marked  advantage 
to  the  student.  The  engineers  and  others  under  whom  the  students 
work  feel  a  certain  responsibility  toward  these  men,  in  that  they 
are  assisting  in  their  training.  The  student  in  return  feels  that  he 
represents  the  University  while  in  cooperative  work  and  that  the 
reputation  of  the  University  depends  upon  his  conduct.  The  co- 
operative students  are  tremendously  interested  in  their  work  and 
consequently  can  do  a  larger  amount  of  work  in  the  same  time  than 
it  would  be  possible  to  do  with  the  average  student  body. 

The  close  personal  contact  with  the  faculty  which  it  i-  necessary 
to  maintain;  the  constant  intercourse  with  superior  men  in  engim 
in-  work  tend>  always  to  develop  the  student  into  a  dignified,  st  1  f 
limit  man.     Students  enter  upon  the  first  period  of  cooperative  work 
at  the  end  of  the  freshman  year  as  hoys;  after  three  months  they 
return  to  the  university  with  the  characteristics  of  men. 

men. 

The  preceding  paragraphs  give  in  outline  some  of  the  means 
which  can  be  employed  to  develop  from  the  raw  material  which 
ne-  to  us  from  the  high  school  those  characteristics  which  will 
cause  the  voting  engineer  to  look  upon  the  profession  not  only  as 
an  occupation,  but  as  a  way  of  thinking:  those  method-  which  s< 
to  he  well  adapted  to  develop  the  initiative  faculty  and  increase  Ids 
efficiency  as  an  engineering  student. 


TUNGSTEN  LIGHTING  IN  MODERN  INDUSTRIAL 

ESTABLISHMENTS 

ALEX.  J.  AIRSTON 

MANY  articles  have  appeared  recently  in  technical  journals 
on  the  subject  of  tungsten  lighting  in  factories  and  offices. 
It  is,  therefore,  the  purpose  of  the  present  article  not  so 
much  to  add  further  information,  as  to  give  in  practical  form  the 
fundamental  requirements  of  lighting  installations,  based  both  on 
theory  and  experience.  A  few  simple  rules  are  presented  which  will 
enable  the  reader  to  design  easily,  an  efficient  and  adequate  system 
of  tungsten  lighting  for  almost  any  location  in  a  modern  industrial 
establishment. 

The  design  for  illuminating  a  location  is  dependent  upon : — 

i — The  height  and  type  of  ceiling  or  roof. 

2 — The  ciass  of  work  carried  on  in  the  location. 

3 — The  character  of  the  surroundings. 

4 — The  area  and  shape  of  the  location. 

5 — The  illuminating  system  to  be  replaced  (if  any). 

6 — The  cost  of  the  installation. 

The  rules  for  procedure  must  depend  on  these  factors,  although 
the  order  need  not  be  followed. 

i — The  necessity  of  attention  to  the  height  and  type  of  ceiling 
is    self-evident    upon    reference    to    Table    I,    in    which    a    list    of 

TABLE  I 


Mounting 

Height,  ft. 

7  to  io 

8  to   12 
io  to  14 
12  to   16 
14  to  20 
17  to  27 
25  to  35 
30  to  40 

Size  of  Lamp 
Watts 

Mounting 
Height,  ft. 

Size  of  Lamp 

Watts 

60 
100 
250 
Soo 

40 
60 
80 
100 
150 
250 
400 
500 

7  to  12 
11  to  16 
16  to  28 
28  to  40 

mounting  heights  for  different  types  of  tungsten  lamps  is  given.  In 
a  manufacturing  area,  the  direct  system  is  almost  invariably  em- 
ployed and  the  lamps  mounted  within  a  foot  or  two  of  the  ceiling  or 
on  stringer  boards  which  span  the  space  between  the  lowest  mem- 
bers of  roof  trusses  at  intervals  where  rows  of  lamps  are  deemed 
necessary.  The  advisability  of  high  mounting  will  be  appreciated 
from  the  fact  that  the  lamps  are  then  out  of  the  way  of  cranes,  are 
less  liable  to  be  broken,  the  glare  is  reduced  to  a  minimum  and  in 
the  case  of  a  light  ceiling  there  is  more  reflection  and  better  diffu- 
sion of  light.     However,  the  lamps  should  be  lowered  in  locations 
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where  there  is  horizontal  overhead  belting,  to  the  level  of  the  bot- 
tom of  the  belting,  otherwise  the  light  is  ineffective,  a  considerable 
portion  being  cut  off.  Occasionally  it  may  be  necessary,  for  the 
same  reason,  to  install  two  or  three  100  watt  units  in  a  given  area 
where  the  conditions  would  otherwise  warrant  a  single  250  watt  unit. 
In  office  lighting  the  direct,  indirect,  or  semi-indirecl  system 
may  be  used.  The  lower  intensity  lamps  such  as  the  60  watt  unit, 
give  more  satisfactory  results  than  those  of  higher  candle-power. 
This  is  due  to  the  fact  that  the  glare,  and  inconvenience  from 
shadows  is  reduced  to  a  minimum.  (  )rdinarily  the  lamps  should  be 
mounted  near  the  ceiling;  however,  whatever  the  height  of  the  ceil- 


F1G.    I — SEMI-INDIRECT    DRAFTING   ROOM    LIGHTING 

The  illumination  secured  in  rooms  equipped  as  shown  above  is  well  dif- 
fused and  is  free  from  sharp  and  objectionable  shadow  5. 

ing,  the  mounting  heights  should  be  approximately  the  same  for  any 
one  size  of  lamp,  since  it  is  advisable  to  standardize  as  far  as  prac- 
ticable the  sizes  of  lamps  and  reflectors,  thus  securing  from  one  size 
the  same  foot-candle  intensity  per  lamp  on  the  working  plane. 

In  the  case  of  drafting  rooms  a  semi-indirect  system  with  re- 
flection from  light  ceiling  and  walls,  or  diffusers,  is  effective,  the 
lamps  being  mounted  within  a  foot  or  so  of  the  ceiling  up  to  16  feet 
ceiling  height.  Clusters  of  four  60  watt  lamps  on  a  fixture  with 
opal  glass  reflectors  throwing  the  light  upwards,  the  clusters  placed 
eight  feet  apart  from  center  to  center  as  shown  in  Fig.  1,  have  been 
found  to  give  excellent  results  at  a  mounting  height  of  14  feet  with 
a  ceiling  16  feet  high. 


1078 


THE  ELECTRIC  JOURNAL 


2     The  class  of  work  carried  on  in  the  location  under  consid- 

:i«>n  determines  the  "watts  per  square  foot"  to  be  used.    In  Table 

11.  the  "foot-candles"  as  well  as  the  watts  per  square  foot  are  shown. 

Where  the  kind  of  light  made  use  of  is  the  same  throughout,  and 

the  mounting  heights  of  the  units,  dependent  upon  the  size  of  the 

lamps,  vary  within  such  limit-,  as  are  set  forth  in  Table  1.  designing 

by  means  of  the  "watts  per  square  foot"  method  is  preferable  to  the 

lununs  method   (not  described  here),  both  for  comparisons  of  in- 

lations  and  actual  calculations.     It  is  assumed  from  the  study  of 

different  installations  that  one  foot-candle  intensity  on  the  working 

plane  is  given  by  one-half  watt  per  square  foot.    This  figure  is  only 

roximate  but  is  a  fair  index  of  what  may  he  anticipated  if  the 

TABLE  II 


Class  of  Work 


Office — General 

— Close  work 

— Curve  work 

— Drafting 

Vaults 

rridors 

Power  House 

Average  Manufacturing 

\\".  irk — Machine  and  Bench 

Particular  Machine  or  Bench  work 

0.5 

Inspection 

Wi  'odwork 

To  


Foot 

Watts  per 

candle: 

sq.  ft. 

3 

i-4 

3-5 

1-7 

3 

2.5 

7 

3? 

1-5 

0.75 

1 

0.5 

2 

1 

3 

i-5 

4 

2 

0.5  to  3 

0.3  to  1.5 

5 

2.5 

4 

2 

3 

1.5 

rules  given  are  followed  out.  The  size  of  the  lamp  is  decided  upon 
from  Table  I,  and  the  watts  per  square  foot  from  Table  II.  Then 
the  ratio,  wattage  of  lamps  divided  by  watts  per  square  foot,  gives 
the  area  of  the  square  of  which  the  lamp  is  the  center.     Taking  the 

are  root  of  this,  the  length  of  the  side  of  the  square  or  the  "ideal 
spacing  distance"  between  the  lamps  is  obtained,  for  if  the  lamps 
are  placed  at  the  corners  of  squares  throughout  the  location  the  best 
distribution  of  light   is  secured.     Putting   W  =  wattage  of  lamp, 

-area  of  square,  re  =  watts  per  square  foot  and  </  =  ideal  spac- 
ing distance,  than  d         \/A  =\  w 

3 — The  third  of  the  above  six  points  guides  the  designer  in 
making  his  calculations,  so  that  in  choosing  from  the  Table  II,  the 
"watt-  per  square  foot.*'  which  is  the  basis  of  the  design,  a  variation 
up  to  15  percent  above  or  below  the  given  figure  may  be  allowed  de- 
pending upon  whether  the  surroundings  arc  dark  or  light. 
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4     The  area  and  shape  of  the  location  t<>  be  lighted  h 
ided  effect  upon  the  layout  of  the  installation, 
sitions  of  an)  obstacles  that  arc  liable  t"  interfere  with  the  hanging 
<t  placing  of  the  lamps  or  the  shedding  of  their  1  forking 

plain-.    A  row  of  lamps  should  be  hung  in  fairl;  proximit) 

walls  particularly  in  office  lighting  which  demands  a  row  within  2 
ft  .  <>  in.  of  side  walls,  but  in  manufacturing  spaces  each  case  should 
be   taken  on   it-  own   requirements.      \.gain   lamp-   near   windo 

T  xr.l.K  ill 
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should  be  wired  to  one  switch    for  economy,  uld   also  any 

lamps  extensively  used  at  different  times  from  others.    A 
placing  the  lamps  preliminary  .-ketches  should  be  made  and  differ- 
ent spacing  distances  tried  < >nt  until  a  satisfactory  design  is  com- 
pleted which  evades  all  obstacles  and  approach* 
ble  to  the  ideal  spacing  distance.    Table  III  shows  the  ideal,  maxi- 
mum and  minimum  distances  for  the  different  types  of  lamj 

5 — In  many       -  system  of  illumination  i-  already  installed 

and  it  is  required  to  replace  this  with  a  new  tungsten  installation. 
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The  switching,  wiring  and  position  of  the  old  outlets  should  be  care- 
fully considered  with  a  view  to  using  part  of  the  old  system  in 
order  to  keep  down  the  cost  of  the  new. 

6 — The  cost  of  the  installation  is  an  important  factor  affect- 
ing the  design  and  from  a  rough  calculation  based  on  the  total  area 
of  the  room  multiplied  by  the  watts  per  square  foot  and  divided  by 
the  wattage  of  the  lamp  an  approximate  figure  of  the  number  of 
lamps  required  is  obtained.     Putting  n  =  number  of  lamps  then, 

n=  The  cost  per  lamp  installed  complete  is  determined  from 

experience  and  hence  if  the  price  of  the  installation  is  restricted  the 
engineer  may  be  forced  to  reduce  the  watts  per  square  foot  in  order 
to  keep  within  a  given  appropriation.  It  should  be  mentioned  that 
all  figures  are  based  on  the  supposition  that  good  scientifically  de- 
signed reflectors  are  used. 

It  is  possible  from  the  foregoing  to  lay  out  a  set  of  simple  rules 
which  may  be  serviceable. 

i — Measure  up  the  location,  making  a  rough  sketch  of  plan  and 
elevation  showing  ceiling  or  roof  trusses,  positions  of  windows,  ob- 
stacles which  may  affect  the  installation,  present  outlets  and  switch- 
ing if  any,  and  giving  full  dimensions. 

2 — Make  a  note  of  color  and  condition  of  walls,  ceiling,  fur- 
niture, machinery  and  equipment  as  well  as  the  class  of  work  car- 
ried on  and  the  closeness  of  application  required. 

3 — a — Draw  up  plans  to  scale. 

b — Decide  on  the  lamp  size  and  mounting  height. 

c — Assumed  the  watts  per  square  foot  to  be  used. 

W 
d — Deduce  the  ideal  spacing  distance — d  = 

e — Lay  out  positions  of  lamps  on  the  plan,  to  give  regular 
-pacing  distances,  installing  a  r  ow  within  two  feet,  nine  inches 
of  each  wall  if  an  office,  and  a  pproximating,  as  near  as  possi- 
ble, to  the  ideal  spacing  distan     ce  in  both  directions. 

f — Make  a  tracing,  from  the  plans,  showing  boundaries  of 
the  area  and  positions  of  lamps  and  old  outlets,  if  any,  also 
-witching. 

g-  Specify  size  of  lamps  and  reflectors,  mounting  height 
and  any  other  information  dee  med  necessary  for  the  assist- 
ance of  the  wiremen. 

h — Show  control  of  lamps  by  numbering  all  on  one  switch 
the  same. 
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4 — Check  up  the  design  at  the  actual  location  to  see  that  each 
lamp  is  effective  and  free  from  all  possible  obstacles. 

The  above  rules  suffice  for  the  calculation  ami  design  of  ade- 
quate illumination  for  the  majority  of  cases  which  arc  likely  to 
come  under  consideration  in  a  modern  industrial  establishment. 
It  should  also  he  remembered  that  standardization  as  far  as  possi- 
ble in  every  direction  will  tend  to  cheapen  the  installations  by  sim- 
plifying the  work  of  the  designer,  the  wiremen  and  those  responsi- 
ble f<  >r  the  maintenance. 

The  application  of  the  above  inks  to  one  or  two  particular 
cases  may,  perhaps,  be  of  further  interest: — 

Example  1  —  It  is  proposed  t"  light  a  building,  an  end  eleva- 
tion of  which  is  given  in  Fig  2.     The  height  of  the  roof  truss,  in 

the  center  aisle  is   [6  feet  and  the  roof  at  the  walls  is  1  1    feet  high, 
rising  to  u  feet  toward  the  center,  and  being  supported  on  T  beam-. 


T 

<£ 
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1 

1 

FIG.    2 — END    ELEVATION    OF   FACTORY    BCILI1IN1; 


The  location  is  used  for  general  manufacturing  purposes  which, 
however,  are  not  so  line  as  to  necessitate  the  use  of  special  or  indi- 
vidual illumination.  The  walls  are  white  and  the  ceiling  or  roof,  a 
dark  color.      'I  he  size  and   shape  are  shown  <>n  the  plan   in    Fig.   .V 

There  are  no  obstacles,  except  columns,  which  will  interfere  with 
the  placing  of  the  lights  in  any  desired  position. 

The  height  of  the  roof  ini-M>  in  the  center  is  [6  feet  and  from 
Table  I.  for  mounting  heights  of  between  11  and  [6  feet,  too  watt 
lamps  are  suitable.     It  is  therefore  decided  to  use  i<*>  watt  lamps 

and  mount  them  15  feet  from  the  floor  which  is  within  a  fool  of  the 
stringer  boards.  Similarly  <«>  watt  lamps  mounted  to  feet  above 
the  floor  are  deemed  best  for  the  side  aides.  It  is  only  necessary  to 
consider  a  general  scheme  of  lighting  since  no  particular  spot  needs 
special  illumination.  One  and  one-half  watts  per  square  fool  is 
the   figure  given   in   Table    II,    for   an   average  manufacturing  area 
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and.  taking  into  account  the  effect  of  the  surroundings,  it  will  be 
advisable  to  work  with  1.4  watts  per  square  foot.  The  lamps  will 
bo  mounted  on  stringer  boards  and  each  100  watt  light  will  cover  an 
area  ^i  100  1.4  =  71.5  square  feet,  giving  a  spacing  distance  of 
A  71.5.  or  8  ft..  6  in.  Each  60  watt  light  will  similarly  cover  an 
area  ^i  43  square  feet,  giving  a  spacing  distance  of  6  ft..  7  in. 

Trying  out  the  spacing  distances  on  the  plan  for  the  100  watt 
lamp  commencing  at  the  south  wall.  Fig.  3.  ami  leaving  2  ft.,  6  in.,  it 
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Fin.   3 — PRELIMINARY   DIAGRAM    OF  LAMP    SPACING   DISTANCES    IN 

1  \'  TORY    LOCATION 

is  found  that  8  ft..  6  in.  gives  too  large  a  space  at  the  north  end  as 
shown  from  a  to  b  (6  ft..  9  in.)  while  8  ft.  gives  2  ft.,  1  in.  at 
each  end.  which  although  rather  a  short  distance  is  permissible  and 
will  allow  of  benches  being  placed  against  the  end  wails.  On  the 
plan  (Fig.  31  the  crosses  -  -  show  the  positions  of  the  lights  for  a 
trial  spacing  distance  of  8  ft..  6  in.,  commencing  2  ft.,  6  in.  from  the 
south  wall,  while  for  8  ft.  spacing  distance  the  lamps  are  marked  in 
the  usual  way.     Keeping  to  the  same  area  per  light,  i.e.  71.5  square 
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feel  the  spacing  distance  in  the  other  direction,  side  to  side,  will  be 


/  'o 


8.9  or  9  feet,  the  lights  being  therefore  at  the  corners  of 
a  rectangle  eight  feel  by  nine  feet.  The  too  watt  lights  are  to  be 
preferred  to  the  60  wait  for  lighting  manufacturing  area-  owing  to 
their  greater  mounting  height  and  spacing  distance,  while  still  giving 
excellent  distribution,  and  so  a  row  of  too  watt  lights  mar  thejun<  - 
tion  of  the  high  and  the  low  aisles  is  desirable.     The  spacing  dis 
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FIG.   4 — COMPLETED   DIAGRAM    OF    LAMP    LOCATIO 

tance  decided  on  brings  a  row  within  one  foot  of  the  junction  on 
either  side.  These  will  be  mounted  13  feet  high  in  order  to  throw 
the  required  light  on  the  side  aisles. 

Proceeding  with  the  60  watt  lights  in  the  same  manner,  the 
idea!  spacing  distance  (6  ft.,  7  in.)  stepped  off  throughout  the 
length  of  the  building,  leaving  2  ft.,  6  in.  at  one  end,  »ivrv  6  ft.,  4 
in.  at  the  other  end.  By  trial  it  is  found  that  6  ft.,  3  in.  brings  the 
end  rows  within  2  ft.  from  the  walls  and  hence  this  distance  is 
taken.  The  spacing  distance  in  the  other  direction  will  be  43  -f- 
6.25  =  6.88  or  7   feet.     I  knee,  taking  one  row  of  lights   2   fl 
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in.  from  the  side  wall  and  the  next  row  7  ft.  away  from  the  first 
we  are  left  with  a  distance  of  6  ft.,  6  in.  to  the  junction  of  the 
aisles  and  7  ft..  6  in.  to  the  nearest  row  of  100  watt  lights.  The 
ideal    distance    between    100    watt    and    60    watt    lamps    would    be 

6  ft.,  7  in. -f  8  ft,  6  in.         15  ft.,  1  in. 

=  7  ft.,  6y2  in.     There  is  thus 
2  2 

uniform  distribution  throughout  the  area  and  the  design  is  complete. 
•The  layout  is  then  made  as  shown  in  Fig.  4,  it  being  noticed 
that  all  lamps  are  free  from  the  columns.  There  are  forty  100  watt 
lamps  and  forty  60  watt  lamps  or  a  total  of  80  lamps,  which  use 
6400  watts,  giving  6400/4212=1.5  watts  per  square  foot  over 
the  whole  area.  This  figure  is  higher  than  that  planned  (1.4)  for 
the  individual  lamps  but  this  is  owing  to  the  lamps  near  the  walls. 
The  switching  of  the  lamps  is  indicated  by  the  numbers  on  the  plan, 
all  lamps  of  the  same  number  being  on  one  switch. 
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FIG.   5 — ELEVATION   OF  OFFICE  LOCATION 

Example  2 — An  office  has  a  ceiling  11  ft.,  6  in.,  high  and  both  it 
and  the  walls  are  light  colored.  The  room  is  used  for  clerical  work 
and  filing,  the  area  being  41  ft.,  4  in.  by  43  ft.,  9  in.,  equalling  1  810 
square  feet.  A  ventilating  duct  causes  an  obstruction,  as  shown  in 
Fig.  5,  the  bottom  being  eighteen  inches  below  the  ceiling. 

The  effect  will  be  best  if  all  the  lamps  are  mounted  with  the 
top  of  the  reflectors  level  with  the  bottom  of  the  air  duct.  This 
gives  a  mounting  height  (which  is  always  measured  to  the  socket) 
of  ten  feet.  Proceeding  as  in  the  former  example,  it  is  decided, 
upon  referring  to  the  Table  I,  to  use  60  watt  lamps,  the  watts  per 
square  foot  being  chosen  as  1.4,  modified  owing  to  light  ceiling  and 
walls  to  1.3.  The  ideal  spacing  distance,  calculated  out  as  explained, 
is  6  ft.,  8J/2  in.  Laying  out  the  lamps  it  is  found  that  in  a  direction 
east  to  west,  a  spacing  distance  of  6  ft.,  5  in.,  places  them 
free  from  obstructions  and  leaves  2  ft.,  yJ/2  in.  at  each  wall.  In  the 
other  direction  the  width  of  air  duct  is  7  ft.,  6  in.,  which  makes  7  ft., 
8  in.  the  minimum  distance  apart  that  the  two  rows  of  lamps  can 
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here  be  spaced.  Thus  placing  one  row  of  lamps  as  near  as  possible 
to  each  ^itlc  of  the  duct  and  laying  i>nt  the  rest  of  the  system,  a  con- 
venient -pacing  distance  is  found  by  trial  to  be  7  ft.,  _>  in.,  and  this 
figure  is  adopted,  the  row  of  lamps  nearest  the  walls  being  2  ft,  6 
in.  distant  therefrom.  The  general  spacing  distance  is  7  ft.,  2  in.  by 
6  ft.,  5  in.,  4'.  square  feet,  <  Fig.  6)  giving  60/46=  1.3  watts  per 
square  foot  for  each  lamp  and  for  the  whole  area  the  figure  is  found 


♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

* 

a' 

A.-'  — 

v 

v 

V 

t! 

! 

i 

! 

5 

t 

- 

1 

♦ 

V 

9  -» 
5 

0 

-9 

• 

• 

• 

0 

♦ 

♦ 

* 

V 

♦' 

1 

♦ 
fa— *l 

_ 

• 

♦ 

♦ 

■¥ 

• 

1 

• 

1 

* 

9                                                       * 

Wndowi  h  Tha  Will 

• 

h— 

» 
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CORRESPONDING   TO    FIG.    5 


42  X  60 
to  be  —  g        =  1.4  watts  per  square  foot.    With  light  ceilings  and 

walls,  and  good  reflectors,  this  amount  of  illumination  will  be  suffi- 
cient for  average  requirements. 

Where  the  ceiling  heights  overlap,  the  size  of  lamp  is  finally 
decided  by  the  relation  of  spacing  distances  to  the  dimensions  of 
the  room.  For  the  sake  of  standardization,  the  number  of  sizes  of 
lamps  used  may  be  reduced  to  four  as  shown  in  the  right  hand  half 
of  Table  I. 
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N.  W.  STORER 

THE  SUPPLYING  of  motive  power  is  one  of  the  most  im- 
portant elements  of  railway  transportation.  For  many 
years  the  steam  locomotive  had  a  complete  monopoly  of 
the  business  and.  like  some  other  monopolies,  it  lacked  the 
incentive  of  competition.  Since  the  electric  locomotive  entered 
the  field,  however,  there  appears  to  have  been  a  great  awakening 
among  steam  locomotive  designers.  The  improvements  in  the 
steam  locomotive,  such  as  mechanical  stokers,  superheaters,  smoke 
consumers,  etc.,  have  lead  to  the  production  of  the  enormous  units 
that  are  now  standard.  These  great  machines  have  produced  such 
excellent  results  that  the  electric  locomotive  no  longer  has  such 
comparative  advantages  as  were  apparent  even  ten  years  ago;  and, 
while  the  electrification  of  a  large  part  of  our  railways  will  un- 
doubtedly be  accomplished  at  some  time,  the  improvements  in  steam 
locomotives  have  removed  the  crying  necessity  for  it,  except  in 
special  instances.  It  would  be  a  great  mistake  to  compel  the  rail- 
ways to  electrify  too  rapidly ;  it  would  be  far  better  for  them  to 
study  the  subject  with  the  greatest  care,  and  finally  to  unite  on  the 
best  system  and  then  proceed  with  electrification  in  places  where 
there  will  be  distinct  economic  adva'ntages.  In  large  cities  especial- 
ly, it  is  of  the  utmost  importance  that  the  railways  unite  and  give 
every  plan  most  careful  consideration  before  starting  actual  work. 

The  manufacturing  companies  have  done  a  tremendous  amount 
of  work  in  developing  the  various  systems  of  electrification,  and  in 
the  design  of  electric  locomotives.  They  have  learned  many  things 
about  locomotives.  They  have  found  that  low  center  of  gravity  in 
the  electric  locomotive,  instead  of  being  an  advantage,  is  a  decided 
disadvantage.  They  have  also  found  that  because  an  electric  motor 
develops  its  power  by  rotation  it  is  not  necessarily  easy  for  it  to 
turn  the  wheels  of  a  locomotive.  For  some  years  it  has  been  recog- 
nized that  one  of  the  greatest  problems  in  the  electric  locomotive  is 
the  transmission  of  the  torque  of  the  motor  to  the  driving  wheels. 
There  have  been  a  great  many  combinations  proposed  and  quite  a 
large  number  of  different  types  have  been  built,  and  are  now  in 
operation,  but  there  are  few  transmission  systems  that  are  abso- 
lutely satisfactory  from  all  points  of  view. 

In  this  respect,  as  in  most  others,  every  design  is  a  compro- 
mise among  the  conflicting  elements,  not  simply  in  the  locomotive 


"From  a  paper  read  at  the  annual   convention    of    Association    of    Rail- 
way Electrical   Engineers,  Chicago.  I  let  ber  24,  iqt2. 
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itself,  bul  mi  the  roadbed  and  shop  as  well.  Ii  is  recognized  that, 
in  proportion  as  a  locomotive  is  built  up  around  one  idea  in  its  de- 
sign, it  will  be  distorted,  and  other  things  will  be  neglected.  It  is, 
therefore,  necessary  that  a  careful  study  of  the  entire  problem  of 
railroading  be  made  in  order  to  produce  the  best  type  of  locomotive. 
Progress  in  heavier  railway  electrification  i-  analogous  to  that  of 
the  development  of  street  railways.  The  early  forms  of  railway 
motors  and  controllers  were  designed,  to  a  great  extent,  in  the 
laboratory;  l»ut  as  time  went  on  the  designers  became  more  and 
more  imbued  with  the  spirit  of  the  operating  man  and  with  the 
problem  in  general,  and  from  the  constant  association  with  those 
men  and  the  study  of  the  problems  in  the  field,  they  developed 
street  railway  motors  and  controllers  to  their  present  high  state  of 
perfection.  The  -ame  plan  should  be  followed  in  connection  with 
the  electrification  of  railways.  The  besl  locomotive  is  the  one  that 
will  deliver  the  transportation  required  of  it  with  the  lowest  sum 
total  of  expense.  This  must  include  not  simply  the  first  cost  and 
cost  of  maintenance  and  depreciation  of  the  locomotive  itself,  but 
the  first  cosl  and  cost  of  maintenance,  depreciation  and  operation 
of  the  entire  installation  from  power  house  to  roadbed. 

The  standard  type  of  single  reduction  geared  motor  has  heen 
eminently  satisfactory  for  street  car  service,  hut  the  difficulties  con- 
nected with  it  have  increased  enormously  as  the  power  of  motors 
and  speed-  have  heen  increased,  until  today  it  is  considered  poor 
practice  to  gear  locomotive  motors  directly  to  the  axles,  except  for 
slow-speed  work.    Several  reasons  have  contributed  to  this  belief : — 

i — The  gears  are  subject  to  very  severe  service  when  run  at 
high  -peed-  and  rigidly  connecting  so  much  inertia  as  is  contained 
in  the  wheel-  and  armature-,  and  to  still  greater  shocks  from  the 
roadbed.  In  the  operation  of  high  speed  railways  n-ing  single  cars 
or  multiple-unit  trains,  there  has  always  heen  more  or  less  trouble 
from  gears  with  speeds  around  fifty  and  sixty  miles  an  hour.  The 
gears  and  armatures  both  suffer  and  there  is  always  a  great  in- 
crease  in  the  cosl  of  operation,  especially  if  the  track  is  poor. 

The  motor  "ii  one  axle  is  subjected  to  worse  punishmenl  than 
on  the  other.  The  trailing  axle  has  the  pinion  of  the  motor  pushing 
downward  cm  the  gear  teeth,  and  the  other  axle  has  it  pushing  up- 
ward. The  motor  whose  pinion  is  driving  downward  usually  -uf- 
fers  much  worse  both  in  gears  and  in  the  armature  winding-,  due 
to  the  blows  that  it  gets  from  the  roadbed.  When  a  wheel  comes 
to  a  depression  in  the  track,  it  is  suddently  lifted  as  it  climbs  out, 
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and  gives  a  direct  shock  to  the  teeth  of  the  gear,  that  tends  to 
retard  the  whole  armature. 

2 — The  weight  of  the  motor  on  the  axle,  and  its  low  center  of 
gravity,  contribute  to  serious  injury  to  the  track  when  operated  at 
high  speeds.  Chiefly  for  these  reasons,  the  speed  of  most  locomo- 
tives, having  heavy  motors  geared  directly  to  the  axles,  is  limited 
to  about  30  miles  per  hour. 

This  geared  type  of  locomotive  is  comparatively  simple,  cheap 
and  easy  to  maintain,  but  when  the  design  of  a  locomotive  for  high 
speed  service  is  considered,  the  problems  to  be  solved  are  many  and 
difficult,  and  the  solutions  that  have  been  offered  are  almost  as 
numerous.  It  is  of  course  comparatively  easy  to  design  motors  that 
are  sufficiently  large  and  powerful  to  equip  any  locomotive  that  is 
desired.  The  big  question  is,  how  to  connect  the  motors  to  the 
driving  wheels  so  as  to  give  a  locomotive  that  will  have  a  reasonable 
cost  of  maintenance  and,  at  the  same  time,  be  a  good  riding  machine. 

There  are  several  general  types  of  high  speed  locomotives : — 

1 — Those  with  armatures  mounted  rigidly  on  a  driving  axle. 

2 — Those  with  motors  mounted  on  a  quill  surrounding  the  axle. 

3 — Those  with  motor  geared  to  quill  surrounding  axles,  and 
connected  to  wheels  through  long  helical  springs. 

5 — Those  with  motors  mounted  in  the  cab  and  driving  through 
a  jack  shaft  and  a  system  of  parallel  rods. 

5 — Those  with  motors  mounted  low  between  frames  and  con- 
nected to  the  drivers  through  a  Scotch  yoke. 

6 — Those  with  motors  connected  to  the  wheels  by  some  com- 
bination of  gears  and  side  rods. 

ARMATURES  ON  DRIVING  AXLES 

The  first  type,  known  as  the  New  York  Central  type,  may  be 
called  an  example  of  a  locomotive  built  around  one  idea,  namely, 
that  of  mounting  the  armature  of  the  motor  directly  on  the  axle, 
and  building  the  motor  field  into  the  truck  frame  so  as  to  do  away 
with  all  motor  bearings.  It  is  a  scheme  that  is  ideal  in  its  simplicity, 
and  it  is  not  surprising  that  the  New  York  Central  desired  to  use  it. 
However,  it  is  well  known  that  the  locomotives  have  never  been 
considered  as  successful  high  speed  machines,  on  account  of  the 
tendencv  to  nosing.  Many  steam  locomotives  have  some  tendency 
to  nosing,  but  it  is  not  serious,  as  the  mass  of  the  locomotive  is 
located  so  high  above  the  rail  that  the  wheels  may  follow  any 
tive,  and  consequently,  with  the  minimum  of  strain  on  the  rails. 
This  type  of  electric  locomotive  has  an  extremely  low  center  of 
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gravity,  so  tli.it  it  is  quick  to  feel  the  irregularities  in  the  track,  and 
synchronous  vibrations  are  ver)  easily  sel  up.  A  great  deal  has 
been  <1« >iu-  ;..  eliminate  this  defect,  but  the  efforts  have  been  only 
partially  successful. 

ARMATURES   MOUNTED  ON    QUILLS    SURROUNDING   AM 

This  type,  first  used  on  the  New  Haven  passenger  locomoth 
has  the  motors  mounted  on  quills  surrounding  the  axles  and  con- 
nected through  springs,  and  is  open  t<>  some  "i  the  same  objections 
as  the  first  type.  It  also  has  a  low  center  of  gravity,  although  con- 
siderably higher  than  the  first  type,  but  all  weight  is  spring-sup- 
ported so  that  the  track  does  not  get  a  direct  blow.  The  original 
New  Haven  locomotives  nosed  at  high  speeds,  hut  this  was  cured  by 

the  addition  of  idle  wheels  at  each  end  of  the  locomotive  and  a 
toothed  cam  centering  device  hetween  the  cab  and  the  trucks. 
However,  even  with  the  motors  carried  by  springs,  the  track  i-  liable 

t<>  damage  unless  it  is  kept  in  good  surface. 

MOTORS  GEARED  TO   QUILL — USE  OF    HELICAL  SPRINGS 

The  third  type  is  one  of  the  latest  developments,  and  the  New 
Haven  and  l'x»ston  &  Maine  locomotives  of  this  type  are  the  easiest 
riding  electric  locomotives  that  have  been  built.  Mounting  the 
mot<>r>  rigidly  on  the  trucks  above  the  axles  and  gearing  down  to 
the  quills,  of  course  raises  the  center  of  gravity  very  considerably. 
Then  the  long  helical  springs  connecting  the  quills  to  the  driving 
wheels  permit  the  axles  and  journal  boxes  to  move  a  total  vertical 
distance  of  three  inches  in  the  pedestal  jaws,  before  the  quills  touch 
the  axles.  Then  the  wheels  are  free  to  follow  the  inequalities  of 
the  track  without  disturbing  the  mass  of  the  locomotive,  and  con- 
sequently  with  the  least  possible  damage  to  the  track.  The  arrange- 
ment of  wheels,  combined  with  the  distribution  of  weight  and  the 
drive,  entirely  prevents  nosing,  and  the  secondary  springs,  trans- 
mitting the  weight  of  the  cab  to  the  trucks  through  the  large  sur- 
face plates,  prevent  the  transmission  of  vibration  from  the  truck 
frame  to  the  cab. 

This  type  of  locomotive  has  been  built,  both  with  a  single  motor 
per  axle,  and  with  twin  motors  of  the  same  total  capacity  per  axle. 
After  building  a  number  of  the  former,  whose  motors  were  so  large 
as  to  require  double  gears,  it  was  found  that  the  same  output  could 
be  obtained,  with  less  weight  and  less  cost,  by  substituting  two 
motors  for  the  one  large  one.  This  arrangement  has  the  following 
advantages : — 
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I— Only  one  gear  is  required,  as  both  motors  drive  through  the 
same  gear. 

2  -The  two  motors  are  lighter  and  easier  to  handle,  and  cheap- 
er to  maintain  than  the  large  one. 

3  The  motors  in  this  case  may  be  made  interchangeable,  ex- 
cept field  casting,  with  the  motors  used  on  multiple-unit  cars. 

4 — Two  motors  permanently  connected  in  scries  gives  in 
effect  one  motor  of  double  voltage  and  consequently  half  current. 
This  reduces  the  carrying  requirements  of  cables  and  switches  to 
one-half,  and  thus  makes  a  substantial  saving  in  the  cost  of  control 
equipment. 

The  spring  drive  eliminates  the  bad  effects  of  the  impact  of  the 
teeth  when  operating  at  a  high  speed,  so  that  it  is  anticipated  that 
the  gear  speed  may  be  much  higher  than  that  of  ordinary  gears 
mounted  directly  on  the  axles. 

While  these  locomotives  are  now  built  for  single-phase  opera- 
tion, they  would  have  practically  the  same  advantages  on  direct 
current.  The  twin  motor  scheme  adapts  itself  well  to  high  voltage 
direct-current  operation. 

motor  driven  through  jack-shaft  and  parallel  rods 

The  fourth  type  of  locomotive  has  a  very  high  center  of 
gravity  and.  although  the  weight  on  the  driving  axle  is  about  56000 
lbs.  and  the  springs  are  consequently  stiff,  the  locomotive  has  ex- 
cellent riding  qualities.  There  is  no  tendency  to  nosing,  and  no  bad 
effects  on  the  track.  The  first  locomotives  of  this  type  were  those 
for  the  Xew  York  terminal  of  the  Pennsylvania  Railroad.  These 
are  the  most  powerful  electric  locomotives  ever  built,  and  have  a 
record  for  the  first  year,  with  33  locomotives  in  service,  of  13  train 
minutes  delav  chargeable  to  the  locomotive.  They  have  developed 
over  75  000  lbs.  tractive  effort  at  the  draw-bar.  This  corresponds 
to  a  crank-pin  pressure  of  over  iooooo  lbs.  Of  course,  the  normal 
pre—ure  on  crank  pin-  h  not  nearly  so  high,  but  it  is  sufficient  to 
impose  strain-  on  the  jack-shaft  bearings  that  are  very  hard  to  hold. 
These  strains  are  worse  than  on  reciprocating  engines.  There  is 
scarcely  any  neutral  zone,  because  of  the  combination  of  strains  im- 
posed upon  it  by  the  motor  rods  and  driving  wheel  rods  acting  at  an 
angle  of  about  45  degrees  from  each  other.  This  angle,  however, 
is  much  to  be  preferred  to  the  vertical  motor  rods  adopted  for  the 
first  locomotives  built  for  the  German  State  Railways.  These  were 
practically  failures,  and  it  is  understood  that  future  locomotives  will 
have  motor  rod-  similar  to  th<  se  of  the  Pennsylvania. 
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The  use  of  side  rods  on  an  electric  locomotive  introduce  me 
different  problems  from  those  found  in  the  '-team  locomotive.  \- 
there  are  no  reciprocating  part-,  such  as  piston  rods,  the  parts  are 
susceptible  to  perfect  balance.  The  rods  must  be  much  larger  than 
for  corresponding  steam  locomotives,  because  the  entire  power  has 
to  be  transmitted  through  one  set  of  pins  and  rods  at  certain  points 
in  the  revolution,  while  the  steam  engine  transmits  the  power  from 
only  one  cylinder.  The  steam  engine  has  another  advantage  in  that 
the  main  rods  on  the  two  side  of  the  locomotive  are  connected  to 
loose  ends  (pistons),  while  the  rods  on  the  two  sides  of  the  electric 
are  connected  to  « >]>]»« >^iti-  ends  of  the  motor  shaft,  as  well  as  the 
jack-shaft,  which  introduces  a  greal  many  chances  for  inaccurate 
workmanship  and  consequent  knocking  in  the  pins  and  bearing 

MOTOR  CONNEI   III'  T< '  DRIVERS  BY  S<  I  »T<  II    YOKE 

The  fifth  type  of  locomotive  lias  been  used  exclusively  for  the 
threephase  locomotives  on  the  Italian  State  Railways.  The  first 
ones  have  been  in  service  -Mine  10  t<>  [2  year-  on  the  \  altellina  line, 
and  have  given  excellent  results.  The  later  ones,  some  35  in  number, 
have  been  used  aboul  two  years  on  the  Giovi  line  near  Genoa. 
These  machine-  have  some  excellent  qualities, — light  weight,  power- 
ful motors,  and  motor  weight  entirely  spring  supported.  They 
have,  however,  been  used  only  in  slow  and  moderate  speed  service, 
so  their  performance  at  high  -peed  remain-  to  he  proven.  Tl 
locomotives  also  require  very  accurate  adjustment,  although  nol  so 
close  as  the  ones  with  side  rods  and  jack  shafts,  as  the  Scotch  yoke 
drives  one  axle  through  a  sliding  block  and  the  others  through 
parallel  rods  connected  to  the  yoke  by  knuckle  pins. 

MOTORS  CONNECTED   BY   COMBINATION  OF  GEARS  AND  SIDE   I 

\  number  of  locomotives  of  this  kind  have  been  built,  the  mi 
notable  being  those  built   for  the   Loetschberg  Tunnel  in  Switzer 

land,  and  for  the  Midi  Railway  in  France.  'The  former  has  two 
1  000  horse-power  motors,  each  connected  by  a  helical  tooth  gear 
to  a  jack  shaft,  which  i-  slightly  above  the  driving  axle-,  and  thence 
by  parallel  rods,  to  three  pairs  of  driving  wheel-.  Although  the 
motor  speed  is  extremely  high,  the  gear-  operate  practically  without 
noise  and  with  high  efficiency.  The  duty  on  the  jack  shaft  bearings 
is  much  ea-ier  than  when  side  rod-  only  are  used,  since  the  recipro- 
cating pressures  are  practically  all  in  a  horizontal  direction,  and  can 
therefore  be  cared  for  much  more  easily.  The  Midi  locomotive  has 
two  motors,  each  geared  to  a  jack  shaft  through  gears  located  out- 
side the  plate  frames  of  the  locomotive.     The  jack  shafts  are  con- 
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nected  to  the  drive  wheels  through  Scotch  yokes,  like  the  Italian 
locomotive.  Either  of  these  types  has  fairly  high  center  of  gravity 
and  is  therefore  susceptible  of  a  design  that  will  have  excellent  rid- 
ing qualities. 

Any  of  the  types  of  locomotives  described,  except  the  New- 
York  Central  type,  might  be  equipped  with  apparatus  for  any  of 
the  known  systems.  The  New  York  Central  type  is  suitable  for 
direct  current  only.  The  New  York,  New  Haven  &  Hartford  loco- 
motives, of  both  types  described,  are  operated  with  single-phase 
alternating  current  motors  on  both  alternating  and  direct-current 
circuits.  The  Pennsylvania  locomotive  is  for  direct  current,  but 
locomotives  of  similar  type  are  built  in  Germany  for  single-phase 
lines.  The  Italian  locomotives  are  all  for  three-phase  operation. 
The  combination  gear  and  side  rod  locomotives  are  both  equipped 
for  single-phase  operation. 

While  most  of  these  locomotives  are  equipped  with  alternating- 
current  motors,  this  is  only  because  it  has  been  believed  that  alter- 
nating current  is  better  suited  for  heavy  trunk  line  electrification. 

OTHER  CONSIDERATIONS  IN  THE  CHOICE  OF  A  SYSTEM 

If  the  choice  of  system  rested  only  on  the  locomotive,  undoubt- 
edly the  standard  600  volt  direct-current  system  would  be  chosen 
in  the  large  majority  of  cases  as  being  the  simplest  and  best  adapted 
for  the  work.  But  for  the  electrification  of  a  trunk  line,  this  is  an 
economic  impossibility,  because  with  the  low  voltage  too  great  an 
expenditure  for  substations  is  required  and  a  low  efficiency  results 
except  with  a  traffic  which  gives  a  good  load  factor.  Third  rails 
must  be  used  on  account  of  the  enormous  currents  required. 

In  order  to  reduce  the  number  and  cost  of  substations,  the 
voltage  must  be  increased  to  a  point  that  would  prohibit  the  use  of 
a  third  rail,  even  if  it  were  not  otherwise  undesirable.  It  is  there- 
fore generally  accepted  as  a  fact  that  the  current  must  be  tak2n 
from  an  overhead  trolley.  It  then  becomes  a  question  as  to  how 
much  current  can  be  collected  from  an  overhead  conductor.  At 
slow  speeds  150  to  200  amperes  can  be  collected  with  an  ordinary 
trolley  wheel.  As  much  as  400  or  500  amperes  can  be  collected  for 
a  few  seconds.  A  current  of  200  to  300  amperes  may  be  collected 
continuously  at  high  speeds,  either  by  wheel  or  some  form  of  roller 
or  sliding  shoe.  The  wheel  can  scarcely  be  considered,  but  both 
roller  and  sliding  pantagraph  trolleys  have  been  used. 

It  is  of  the  greatest  importance  to  have  the  overhead  construc- 
tion very  flexible  and  to  have  the  current  collectors  light.     Other- 
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wise  there  will  be  flashing,  and  the  trolley  will  become  kinked 
every  suspension  point  so  that  it  will  soon  break.     It  is  also  un- 
desirable to  increase  the  number  of  collectors.    All  of  these  things 
tend  to  limit  the  amount  of  current  that  can  be  collected  for  a  -in. 
train,  and  consequently  render  an  increase  in  voltage  necessary. 

Locomotives  of  over  3  000  horse-power  capacity  have  been  de- 
signed, and  it  will  probably  be  necessary  at  times  to  operate  two 
such  locomotives  in  a  single  train.  Even  with  one  of  them  operat- 
ing at  rating,  a  current  of  about  j^>  amperes  would  have  to  be  col- 
lected with  a  voltage  of  3500  volts  direct  current.  Granting  that 
two  collectors  might  be  used,  the  current  per  collector  would  still 
be  close  to,  it"  not  beyond,  the  range  of  anything  that  has  been  suc- 
cessfully accomplished  up  to  the  present  time  in  high  speed  service. 
It  is  believed  that  3  500  volts  direct  currenl  is  about  the  lowest  volt- 
age that  should  be  considered  for  high  speed  trunk  line  service,  on 
account  of  the  difficulties  of  current  collection.  Lower  voltages 
may,  of  course,  be  used  for  lighter  and  slower  service.  Whether 
locomotives  can  be  made  commercially  with  this  high  voltage,  re- 
mains to  be  determined.  Even  if  locomotives  were  built,  however, 
it  is  very  certain  that  such  a  voltage  is  entirely  beyond  the  range  for 
multiple  unit-car  operation,  so  that  any  line  operating  at  3  500  volts 
direct  current  would  be  confined  to  locomotive  service. 

The  single-phase  system  is  the  only  one  that  has  successfully 
solved  the  problem  of  current  collection  at  high  speeds.  The  usual 
voltage  for  heavy  railway  work  in  this  country  is  iiooo.  In 
lTirope  it  is  even  higher,  15  000  for  the  Loetschberg  tunnel  line,  and 
this  will  probably  also  be  used  in  Germany  in  the  electrification  of 
the  State  Railways,  lather  voltage  makes  it  a  comparatively  sim- 
ple matter  to  collect  current   for  the  heavy  high  speed  train-. 

The  Xew  York.  Xew  Haven  &  Hartford  Railroad,  which  is 
using  the  1  r  000  volt  single-phase  system,  is  steadily  extending  it- 
electrification.  It  is  practically  the  only  company  that  is  making 
such  extensions.  They  have  the  Oak  Point  yards  and  the  Harlem 
River  division  equipped  now  and  are  doing  their  -witching  witl; 
electric  locomotives.  They  have  suburban  service  on  the  New 
York.  Westchester  &  Boston  Railway,  and  they  arc  rapidly  extend- 
ing the  main  line  electrification  to  New  Haven,  so  that  in  a  very 
short  time  they  will  run  from  New  York  to  New  Haven  with  elec- 
tric locomotives.  At  the  same  time,  they  are  figuring  on  the  line 
from  Boston  to  Providence  which  will  probably  soon  be  electrified. 
Such  extensions  indicate  that  the  system  is  satisfactory. 


THE  VIBRATING  RECTIFIER 

A  DEVICE  FOR  MECHANICALLY  CHANGING  ALTERNATING  CURRENT  OF 
STANDARD  VOLTAGE  TO  LOW  VOLTAGE  DIRECT  CURRENT 

Q,    \.  BRACKETT 

THE  general  adoption  of  electric  lighting  on  gasoline  automo- 
biles  is  mainly  accountable  for  the  large  number  of  three- 
cell  storage  batteries  that  are  now  being  employed  in  the  au- 
tomobile industry.  Such  lighting  requires  a  source  of  current,  such 
storage  cells,  which  will  be  more  continuous  than  can  be  obtained 
m  dry  batteries,  of  more  uniform  voltage  than  can  be  obtained 
directly  from  a  small  dynamo  driven  by  the  engine,  and  which,  un- 
like the  dynamo,  will  continue  to  light  the  lamps  when  the  engine 
is  not  running.  General  practice  seems  to  have  settled  on  a  stand- 
ard of  three  lead  cells,  furnishing  current  at  six  to  eight  volts.  Such 
batteries  require  charging  at  intervals  depending  upon  the  ampere- 
hour  capacity  and  how  much  the  lights  are  burned.  Of  course  if 
the  owner  has  direct  current  at  his  disposal  he  can  charge  his  bat- 
tery by  putting  a  suitable  number  of  incandescent  lamps  in  series 
with  them  but.  while  this  is  simple,  it  is  likewise  very  inefficient  as 
oxer  ioo  volts  must  be  used  up  in  resistance  in  order  to  obtain  from 
the  110  volt  circuit  the  six  or  eight  volts  required  for  the  battery. 

Most  automobiles  owners,  however,  live  where  only  alternating 
current  is  available.  In  such  cases  the  only  recourse  thus  far  has 
been  to  leave  the  battery  at  a  garage  to  be  charged  over  night  and 
called  for  the  next  day.  This  is  decidedly  inconvenient  unless  a 
spare  batter)  is  kept  on  hand  so  that  the  car  will  be  available  at  all 
time-,  including  these  trips  to  and  from  the  garage.  The  cost  of 
having  this  small  battery  charged  at  a  garage  is,  moreover,  out  of 
all  proportion  to  the  real  value  of  the  energy  put  into  the  battery. 
This  is  because  the  garage  owners  usually  have  no  efficient  way  of 
charging  such  a  small  battery,  and  besides  usually  take  the  stand 
that  it  i-  just  as  much  trouble  to  charge  it  a-  a  large  electric  vehicle 
battery.  It  is  rare  that  the  cost  for  charging  an  ignition  battery  is 
less  than  $1.00  per  charge,  and  it  is  often  $1.50. 

Where  alternating  current,  such  a-  is  used  for  ordinary  electric 
lighting,  is  available  such  difficulties  may  be  avoided  by  the  use  of  a 
device  which  has  recently  been  developed,  known  as  the  vibrating- 
type  rectifier,  a  simple,  efficient  and  inexpensive  piece  of  apparatus 
which  is  adapted  particularly  to  the  charging  of  three  cell  automo- 
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FIG.    I 


EXTERNAL    VIEW   OF   VIBRATING    RE<   I  II  IN 
PL1  I!  IV    I  Ql   IPPED    FOR 


bile  ignition  batteries.    This  rectifier,  which  is  illustrated  in  Figs,  i 
aii.l  2,  promises  to  be  both  a  great  convenience  and  a  sour 
material  economy  to  automobile  owners.     It   is  essentially  an  el< 

tricall)      "i" 

vibrating  switch, 
w  h  i  c  li  rev< 
the  connection  of 
i  h  e  alternating- 
current  line  t< »  the 
battery  i  n  syn- 
chr<  mism  with  the! 
alternations  of  the 
current,  t  h  i  -  re- 
ng  actii  >n  be- 
ing accomplished 
at  i  h  e  ni'  tment 
when  the  current 
l1o\v  is  zero.  The  rectification  is  thus  accomplished  without  spark- 
ing at  the  contacts,  and  results  in  the  delivery  t'»  the  battery  of  an 
intermittent,  pulsating  current  uniform  in  direction.  When  thus 
supplied  with  uni-directional  cur- 
rent the  battery  is  charged  ex- 
actly as  though  a  constant  volt- 
age direct  current  were  applied. 
The  shape  <»f  the  rectified  cur- 
rent wave  and  it-  relation  to  the 
original  alternating-current  wave 
are  indicated  in  Fig.  3. 

The  principle  on  which  the 
device  operates  can  be  besl  un- 
derstood by  reference  to  Fig.  4. 
where  it  will  be  seen  that  the 
movement  of  the  vibrating 
-witch  i-  controlled  l>v  magm 
means.  A  small  two-winding 
transformer  serves  to  reduce  the 
alternating-current  line  voll 
t'>  the  proper  value  for  charging 

three  lead  cells.  Across  one-half  of  the  low  voltage  winding  are 
connected  the  two  alternating-current  magnet-,  which,  while  electric- 
ally in  series,  are  magnetically  in  opposition  to  each  other.      I  hat  is, 
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each  presents  the  same  magnetic  polarity  to  the  pivoted  armature  at 
any  given  instant.  During  one-half  wave  of  the  alternating  current 
each  magnet  presents,  say.  a  north  pole  to  the  armature,  while  during 
the  next  half  wave  each  presents  a  south  pole.  There  is  a  winding 
upon  the  armature  also  which  receives  direct  current  from  the  bat- 
tery  being  charged.  This  causes  one  pole  of  the  armature  to  be  north 
and  the  other  to  he  south  continuously,  so  long  as  the  battery  re- 
mains connected  to  the  rectifier.  Inasmuch  as  a  north  magnetic 
pole  tends  to  attract  a  south  and  repel  a  north  pole,  the  alternating- 
current  magnets  attract  one  end  of  the  armature  and  repel  the  other 
at  a  given  instant.  Each  time  the  alternating-current  reverses  the 
opposite  end  of  the  armature  is  attracted  and  it  swings  accordingly 
on  its  pivot  support  in  synchronism  with  the  alternations  of  the  cur- 
rent.    The  amplitude  of  vibration  is  controlled  by  springs  at  each 


Time 


FIG.    3 — OSCILLOGRAM    OF   IMPRESSED   VOLTAGE   AND   CHARGING   CURRENT 

The  sharp  break  in  the  voltage  wave  does  not  exist  in   the  impressed 
wave,  but  is  caused  by  the  drop  in  potential  at  the  instant  the  current  starts. 

end  of  the  armature  and  these  likewise  serve  to  render  the  vibra- 
tions smooth,  uniform  and  positive.  The  moving  contacts  are 
themselves  mounted  on  springs  whose  compression,  when  contact 
is  made,  prevents  any  tendency  to  bounce,  and  likewise  allows  the 
contacts  to  remain  together  the  length  of  time  necessary  for  the 
proper  charging  current  to  flow.  The  armature  carries  near  each 
end  a  platinum  contact  opposite  each  of  which  is  mounted  a  plati- 
num tipped  screw.  As  the  armature  vibrates  contact  is  made,  first 
on  one  side  and  then  on  the  other.  As  shown  in  the  diagram,  the 
two  ends  of  the  low  voltage  winding  of  the  transformer  are  con- 
nected to  the  two  contact  screws  while  the  middle  point  of  the  ar- 
mature is  connected  to  one  of  the  two  binding  posts  which  serve  as 
terminals  for  the  connection  of  the  battery  to  be  charged.  The 
other  battery  binding  post  is  connected  to  the  middle  or  "neutral" 
point  of  the  low  voltage  winding  of  the  transformer.     Accordingly 
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wlu-n  the  armature  is  attracted  in  one  direction  the  current  flows 
from  one  end  of  the  transformer  secondary  across  the  platinum 
contacts  that  arc  then  together,  oul  through  the  middle  point  of  the 
armature  into  the  battery,  and  back  t<»  the  neutral  of  the  trans 
former.  When  tin-  alternating  current  reverses  and  the  armature 
is  attracted  the  other  way  the  current  flows  from  the  other  end  of 
the  transformer  secondary  winding  across  the  other  pair  of  plati- 
num contacts  and  thence  through  the  battery  in  the  same  direction 
as  before.    This  action  gives  the  intermittent,  uni-directional  current 

through   the  battery. 

A  valuable  feature  of  this  arrangement  is  that  it  makes  no  dif- 
ference how  the  battery  is  connected  to  the  rectifier  and  no  atten- 
tion need  be  paid  to 
polarity,  as  the  out- 
fit will  automatically 
deliver  current  to 
the  battery  in  the 
right  direction  n  0 
matter  which  way  it 
is  connected,  since  if 
the  battery  connec- 
tion is  reversed  the 
polarity  of  the  di- 
rect -  current  arma- 
ture is  thereby  also 
reversed. 

A  vibrating  recti- 
fier, to  be  a  succe-s, 
must  not  only  de- 
liver   direct    current 

FIG.    4 — WIRING    DIAGRAM     OF    VIBRATING    RF.CTIFIER  .  . 

The  method  of  exciting  the  direct-current  magnet    but     it     must     do     it 
makes   wrong  connection  to  the  battery   impossible,    practicallv       without 

sparking;  otherwise,  long  life  of  contacts  and  freedom  from 
the  necessity  of  readjustments  will  not  be  obtained.  To  ac- 
complish this,  the  motion  of  the  armature  must  be  so  timed 
as  to  break  contact  just  at  the  right  instant,  that  is,  when 
the  current  is  passing  through  zero,  as  shown  in  Fig.  5, 
where  A  is  the  wave  of  alternating  voltage  and  B  shows 
the  second  half  wave  inverted  or  "rectified."  C  is  the  voltage  of  the 
battery  and  O  is  the  line  of  zero  voltage.    Only  that  portion  of  the 
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alternating-current  wave  which  lies  above  the  line  of  battery  voltage 
i-  effective  in  charging  the  battery.  If  the  rectifier  is  to  operate 
1  roperly  it  should  make  contact  at  point  P  or  some  higher  point  on 
the  alternating-current  wave  and  break  contact  at  point  E  only.  If 
it  makes  contact  at  any  point  between  zero  and  D  a  reverse  current 
will  flow  from  the  battery  into  the  rectifier,  tending  to  discharge  the 
battery.  If  it  makes  contact  at  D  or  some  higher  point  the  current 
will  flow  into  the  battery  as  desired.  The  effect  of  making  contact 
too  soon  is.  therefore,  to  reduce  the  output  of  the  rectifier  by  allow- 
ing an  initial  reverse  current  to  flow  th.it  partially  nullifies  the  good 
effect  of  the  later  current  in  the  right  direction.  The  effect  of  mak- 
ing contact  late  is  to  reduce  the  output  by  not  utilizing  all  of  the 
available  alternating-current  wave.  Neither  making  contact  early 
or  late,  however,  lias  any  effect  on  the  sparking,  which  is  dependent 
only  on  the  time  of  breaking  contact.  If  the  break  occurs  just  at 
the  point  /:',  the  current  at  that  instant  will  be  zero  and  no  sparks 
will  occur  when  the  contacts  separate.  If,  however,  the  break  oc- 
curs at  some  point  above 
E  the  current  will  still  be 
flowing  into  the  battery,  or 
if  at  some  point  below  E  it 
will  have  reversed  and  will 
be  flowing  out  of  the  bat- 
tery, and  in  either  case 
sparking  will  result.  Accordingly  it  is  necessary  that  the  rectifier 
be  adjusted  by  the  manufacturers  so  as  to  break  contact  when  the 
current  is  zero  and  so  operate  sparklessly.  But  to  make  assurance 
doubly  sure  and  to  guard  against  unusual  conditions,  suitable  con- 
densers are  connected  across  each  pair  of  contacts,  as  has  long  been 
the  practice  on  induction  coils,  for  instance,  to  absorb  any  sudden 
rush  of  current  when  the  contacts  open  and  so  prevent  what  little 
sparking  might  occur.  During  the  period  between  7:  and  the  next 
succeeding  D,  the  vibrator  has  broken  contact  on  one  side  and  has 
not  yet  made  contact  on  the  other.  As  both  pairs  of  contacts  are 
therefore  open  there  is  no  current  flowing  in  the  battery.  This 
period  of  zero  charging  current  is  plainly  shown  in  the  oscillogram, 

Fig.  3- 

If  the  rectifier  is  used  on  an  alternating-current  circuit  whose 
wave  form  differs  very  much  from  a  sine  wave  it  may  be  necessary 
to  change  the  adjustment  slightly  to  eliminate  sparking.  This  is 
because  the  time  of  zero  current  may  come  a  little  earlier  or  later 


FIG.    5 — DIAGRAM    OF    RF.CTIFIED    ALTERNATING 
VOLTAGE    WAVE    AXI)    BATTERY    CURRENT 
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than  in  the  corresponding  -i iu-  wave,  [f  this  i  1 1  \ ■  *1  \ c< I  any  deli 
change  of  springs  or  contacts,  such  an  adjustment  would  be  an  un- 
desirable, even  though  necessary,  feature;  bul  fortunately  it  is  sim- 
ply  necessarj  to  slide  a  contact  along  a  small  resistance  mounted 
in  an  easil)  accessible  place  at  the  rear  of  the  vibrator  until  the  point 
is  reached  where  sparking  has  ceased.  This  resistance  1-  connected 
in  series  with  the  stationary  alternating-currenl  magnets  and  serves 
to  -In it  their  phase  angle,  thai  i-.  to  vary  slightly  the  time  at  which 
they  reach  their  maximum  strength  during  rath  half  wave  of  the 
alternating  current  and.  accordingly,  the  tune  at  which  tin-  contacts 
break.  This  single  adjustment  is  ver)  simple  and  can  be  used  to 
make  np  for  wearing  away  of  the  contacts  a-  well  a-  for  adapting 
the  operation  t"  unusual  wave  shapes. 

Small  si/e  and  simplicity  of  operation  are  two  of  the  marked 
advantages  of  the  vibrating  type  of  rectifier.  Because  of  it-  small 
size  it  can  he  placed  upon  a  table,  hung  mi  a  nail  on  the  wall  or  car- 
ried around  in  the  tool  box  of  an  automobile.  An  attachment  plug 
and  cord  for  the  alternating-current  side  and  a  pair  of  battery  leads 
for  the  direct-current  connection  are  included  with  the  outfit.  It  is 
put  in  operation  simply  by  screwing  the  adjustment  plug  into  a  no 
volt  lamp  socket,  connecting  the  rectifier  to  the  battery,  (paying  no 
attention  to  polarity)  and  turning  on  the  switch.  The  rectifier  will 
start  up  automatically  and  in  case  the  line  voltage  i-  interrupted 
during  charge  it  will  stop  on  open  circuit.  There  i-  thus  no  possi- 
bility of  the  battery  discharging  back  through  the  rectifier,  and  no 
elaborate  special  cut-out  switches  are  necessary  to  give  this  prot 
tion.  When  the  line  voltage  comes  on  again  the  rectifier  restarts 
automatically.  While  it  may  occasionally  he  necessary  t"  adjust  the 
resistance  mentioned  above,  this  is  scarcely  a  moment's  work  and 
requires  m  1  special  skill. 

<  '\er  and,  above  the  features  of  -mall  size  and  simplicity,  per- 
haps the  most  important  of  all  is  the  fact  that  the  vibrating  rectifier 
now  make-  it  ca-\  for  the  automobile  owner  to  charge  his  ignition 
and  lighting  batten  at  home,  not  only  conveniently  instead  of  taking 
It  to  a  garage,  hut  at  such  a  low  cost  that  he  will  save  himself  from 
10  to  $1.40  at  every  charge.  The  rectifier  costs  only  about  one 
cent  an  hour  t"  operate,  1  n  the  basis  of  ten  cent-  per  kw-hr.  for 
power,  and  thus  it  will  pay  for  it-elf  in  a  short  time.  It  will  operate 
on  frequences  from  ^j  to  63  cycles  and  on  line  voltages  from  100 
t">  120.  limits  which  cover  any  conditions  that  are  liable  to  be  encoun- 
tered on  commercial  circuits^ nominally  of  60  cycles  and  no  volts. 
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Its  direct-current  rating  is  eighl  amperes,  but  the  actual  current  de- 
livered may  be  somewhat  higher  or  lower  if  the  line  voltage  happens 
to  be  other  than  no  volts. 

In  this  connection  it  is  an  interesting  fact  that  widely  different 
direct-current  meter  readings  may  be  obtained  according  to  the  type 
of  ammeter  used.  A  meter  that  indicates  the  average  current,  such 
as  a  permanent  magnet  type  of  meter,  will  show  the  current  that  is 
effective  for  charging  the  battery,  while  a  meter  that  reads  the 
square  root  of  the  mean-square  current,  such  as  the  precision  type, 
will  show  a  current  about  50  percent  higher,  this  being  the  value 
effective  in  heating  the  wires  and  resistances*.  No  other  ordinary 
piece  of  electrical  apparatus  shows  up  the  difference  between  aver- 
age and  root-mean  square  current  as  markedly  as  does  the  vibrating 
rectifier.  This,  however,  is  only  one  of  the  many  interesting  and 
novel  features  encountered  in  the  design  of  this  rectifier.  The 
whole  problem  of.  making  and  breaking  contact  always  at  the  right 
time,  dealing  as  it  does  with  the  instantaneous  rather  than  the  in- 
tegrated values  of  the  alternating-current  wave  emphasizes  many 
peculiarities  of  alternating  and  direct  currents  not  usually  appre- 
ciated in  ordinary  electrical  work. 

Interesting  as  this  is  from  a  scientific  standpoint,  the  really 
vital  fact  in  the  eyes  of  the  automobile  owner  will  be  that  there 
has  now  been  developed  for  his  use  a  small,  simple  and  efficient 
device  wherewith  he  can  charge  his  own  ignition  battery  at  home 
at  a  saving  of  about  90  percent  in  cost,  and  eliminate  the  bother 
of  taking  his  battery  to  and  from  the  public  garage.  This  should 
ensure  long-continued  and  great  popularity  for  the  vibrating 
rectifier. 


♦See  article  by  Mr.  Paul  MacGahan  on  "The  Action  of  Direct-Cur- 
rent Meters  on  Rectified  Circuits"  in  the  Joi'rxal  for  November,  1909, 
p.  700;  also  Xo.  382  in  The  Journal  Question  Box  for  Feb.  1910. 


EXPERIENCE  ON  THE  ROAD 

HOW  TO  UNLOAD  AND  PLACE  A  MINE  LOCOMOTIVE  IN  SERVICE 

G.   W.  HAMILTON 

In  unloading  and  handling  heavy  apparatus  at  the  point  of  destination 
many  important  in  require  consideration  and  attention.    Some  of  th 

may  Ik-  more  or  li  >us,  but  with  a  complete  and  consecutive  statement 

61  a  in  dure  at  hand  for  reference,  the  ■  r  in  charge  oi 

the  installation  of  the  apparatus  may  m  forethought  to  the 

various  preliminaries  and  precautions  which  must  be  looked  after.     Because 
of  the  various  principl  Forth  by  Mr    Hamilton  in  the  present  article  it 

uld  interest  those  who  have  occasion  to  handle  heavy  apparatus  whether 
it  be  mine  equipment  or  otherwise.    [Ed.] 

Till"  locomotive  having  reached  its  destination,  it  is  important 
to  unload  without  delay,  placing  it  cither  in  service  or  in  st< 
until  it  is  required,  so  as  to  release  the  railroad  car  promptly. 
The  car  should  be  so  set  on  one  of  the  coal  mine  siding-,  that  it  is 
near  some  branch  of  the  surface  tracks  on  which  the  mine  cars  arc 
operated,  and  which  leads  cither  to  the  top  of  a  shaft,  to  the  en- 
trance of  the  slope  or  drift,  or  to  the  motor  barn.  Plans  should  be 
laid  to  unload  the  locomotive  so  as  to  use  as  little  time,  labor  and 
material  as  practicable,  and  to  this  end  the  following  notes  may  be 
used  as  a  guide. 

First  the  brakes  of  the  railroad  car  should  be  properly  set. 
After  removing  the  covering  placed  over  the  locomotive  to  protect  it 
during  shipment,  and  having  decided  whether  to  unload  over  the 
side  of  the  car  or  over  the  end,  being  guided  in  this  decision  by  the 
relation  of  standard  gauge  track  to  surface  track,  the  space  between 
the  pedestals  and  the  bottom  of  the  main  journal  boxes  must  be 
tightly  blocked,  using  a  lever  to  raise  each  box,  and  compressing  the 
journal  spring,  so  that  the  blocks  inserted  may  he  held  in  place  by 
spring  pressure.  The  locomotive  must  then  be  shifted  by  means  of 
pinch  bars  and  jack  until  two  of  wheel-  are  close  to  the  edge  of 
the  railroad  car,  it  being  borne  in  mind  that  in  lowering  down  the 
slope  the  locomotive  should  go  front  end  first  and  should  be  so 
turned  before  entering  the  mine. 

A  block  and  tackle  should  then  be  procured  with  about  20  feet 
o\  rope,  at  least  one  inch  in  diameter.  Also  provide  four  sills,  each 
about  6  in.  by  8  in.  by  8  ft.  long,  the  length  depending  on  the  dis- 
tance from  the  railroad  car  to  the  surface  track,  and  so  place  them 
that  thev  will  form  an  incline  with  one  end  resting  against  the  ties, 
sunk  into  the  surface  until  the  top  of  the  timber-  is  about  flush  with 
the  top  of  the  surface  track  rails,  while  the  other  is  against  the  side 


1 102  THE  ELECTRIC  JOURNAL 

of  the  railroad  car  and  Hush  with  the  platform  or  the  sills  on  which 
locomotive  was  shipped.  The  incline  should  also  be  supported  by 
good  cribbing,  the  plan  being  to  inn  the  locomotive  off  the  car,  over 
tin.-  sills  set  in  position,  and  onto  the  surface  track.  When  satisfied 
that  all  is  ready  on  the  incline,  secure  one  end  of  the  block  and 
tackle  to  the  back  draw  bar  and  the  other  to  some  stout  post  or 
other  good  support,  and  slowly  work  the  locomotive  down  to  the 
surface  track,  controlling  its  progress  at  any  point  with  its  own 
brake  and  the  block  and  tackle.  It  is  well  to  thoroughly  inspect  all 
details,  and  be  sure  that  all  is  clear  and  clean  before  making  a 
move  on  the  railroad  car,  so  that  no  accident  can  result  from  any- 
thing loose  dropping  down  the  shaft  when  the  locomotve  is  being 
lowered. 

After  getting  the  locomotive  on  the  surface  track,  it  must  be 
hauled  or  pushed  to  the  top  of  the  hoisting  shaft,  at  the  lower  land- 
ing, after  the  following  questions  have  been  discussed  and  de- 
cided : — 

i — If  the  mine  is  working  daily  the  work  of  lowering  down  the  shaft  or 
slope  must  he  done  at  night,  provided  a  stopping  place  can  be  found  in  am- 
ple time  before  work  begins  the  next  morning  to  take  down  and  clean  away 
any  obstructions  that  have  been  raised.  If  this  is  considered  inadvisable  it 
should  lie  planned  to  start  the  work  en  a  Saturday  afternoon  and  continue 
it  until  finished,  which  should  be  before  Monday  morning. 

2 — It  should  lie  determined  whether  it  is  possible  to  go  below  ground  by 
way  of  the  air  shaft,  to  assist  in  the  work;  if  so,  the  work  can  be  taken  care 
of  with  about  six  men  in  all.  not  including  the  hoisting  engineer  and  his 
firemen. 

3 — If  the  locomotive  is  going  into  a  shaft  mine,  is  the  sump  deep  and 
wet  ? 

4 — What  is  the  size  of  the  hoisting  rope? 

5 — How  long  has  the  hoisting  rope  been  in  service? 

6 — What  is  the  weight  of  the  empty  cage? 

7 — What  is  the   weighl   of  a   mine   car   when   loaded? 

With  this  data  in  hand,  it  will  then  be  possible  to  decide  which 
of  the  following  courses  to  adopt: — 

i — bower  the  locomotive  down  complete  by  hanging  it  below  the  cage. 

2 — bower  the  locomotive  down  complete  by  hanging  it  at  the  end  of  the 
pe,  the  caye  having  been   taken   out   of   the  shaft. 

3 — Hang  the  locomotive  below  the  cage,  but  reduce  its  weight  by  re- 
moving the  motors. 

4 — Hang  the  locomotive  at  the  end  of  the  hoisting  rope,  having  reduced 
its  total  weight  by  removing  the  motors. 

L0(  oMoi  iyi;    HUNG   FROM    (AGE 

In  general  it  is  seldom  necessary  to  handle  a  locomotive  weigh- 
ing more  than  ten  tons  after  the  motors  have  been  removed.  The 
working  load  for  a  I  T/x  in.  steel  hoi-ting  rope  in  fair  condition  is 
eight  tons,  and  the  breaking  strain  42  tons.     With  a  rope  1^4  in.  in 
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diameter,  the  working  load  is  ten  tons,  and  the  breaking  strain 
tons.     Should  there  be  any  doubt  as  to  the  safe  weight,  the  total 
weighl  can  be  reduced  further  by  removing  the  wheels  and  axles, 
brake  work,  boxes,  etc.,  though  this  increases  the  work  of  handling, 
especially  at  the  bottom  of  the  shaft. 

The  next  step  will  be  '><  send  at  least  i\v>  nun  below  to  pi 
pare  to  take  the  locomotive  out   of  the  shaft,  the  balance  of  the 
crew  to  join  them  later  by  way  of  the  air  shaft.    The  first  two  men 
sent  below  will  look  alter  the  following: — * 

1 — Set  about  four  <>  in.  by  6  in.  timbers  across  th<  m  o\   th< 

■    r  safety,  and  to  provide  a  place  to  stand  it'  required. 

_■    Spike  between  the  rails  of  the  mine  track,  two  or  three  light  rails, 
allowing  thi  tra  rails  to  extend  about  two  feet  over  the  sump,  or  beyond 

tlu  end  of  :lic'  mine  track 

3. — Be  provided  with  aboul  twenty  feel  of  g 1  rope,  and  see  that  there 

is  a  '  prop  in  line  with  the  centre  of  the  track  on  which  the  locomotive 

is  to  be  pla  •  which  the-  rope  may  be  lashed. 

4     The  two  men  should  also  be  provided  with  pinch  bars,  jacks,  blocking, 
.  that  no  unnecessary  delaj  may  occur. 

These  arrangements  having  keen  made  and  the  men  who  are 
going  below  having  keen  lowered  with  their  tools,  those  remaining 
at  the  top  of  the  shaft  should  take  care  of  the  following  details,  it 
being  assumed  that  it  is  planned  to  swing  the  locomotive  below  the 
cage : — 

1 — Have  the  cage  raised  about  six  feet  above  the  level  of  the  lower  land- 
and  while  in  this  position  make  a  final  examination  of  it  and  the  guides, 
r<  pes,  chains,  1 

\ttach   to  the  main   timbers  at   the  bottom  of  the  cage  the  chains  or 
ropes   with   which   it   is   planned   to   lift   the   locomotive,   having   these   long 
ugh  to  permit  the  locomoitve  t"  -wing  about  six  feet  below  the  cage. 

.;    When   the   ropes  r>r  chain-   are   fastened   to   the   locomotive,   ii"t   only 
must  they  l>e  attached  t"  the  draw  bar  or  coupling,  hut  two  extra  r"|a-s  should 
1  lie  wrapped  around  the  end   frame,  one  at  each  side,  to  act  as  a  safe- 
guard, a-  well  as  i"  keep  the  locomotive  from  revolving  or  turning  in  the 
sha 

4 — Spike  down  between  the  1  ading  to  the  shaft,  two  to  four  extra 

rail-.  -  1  that  the  bottom  of  the  bumper  will  slide  on  t'<- 

them  v,  >ed. 

5 — Tighten  up  the  nrntor  suspension,  raising  the  motors  above  the  track 
ac  much  as  practicable. 

6 — Remove  any  details  which  are  apt  to  shake  or  fall  off,  and  such  li.uhr 
deta  and  rod-,  headligh 

7 — Lay  acr.'-s  the  top  of  the  shaft  two  or  three  heavy  timbei  'it  8 

in.  by  8  in.,  to  act  a-  juard  should  the  unexpected  happen,  and  to  per- 

mit standing  over  the  -haft  when  necessary. 

8 — Push  the  locomotive  toward  the  shaft  until  the  end  frame  "r  coupling 
is  flush  with  the  edge  of  the  shaft,  and  set  the  brake. 


•The  men   who  go  below   should   go  on    tin-  cage  t"   which   it    i-   pi..  hang   the 

locomotive,  ami  when  they  have  ur"tt<'ii  off  and  returned  this  should  i   t- 

the  unper  Ian. line,     this   permits   the   •  reach    the  bottom,  and   while   then 

Ehould   be  loaded   with   a   •  a    balance    i'  r    tin1    hoisting        .  when 

handling    the    locomotive.      When    this    loadi  !'"t   "n    the    cag  bould    be 

hoisted  until   the  other  inder   which   it    is   intended    t"   -wing   th.-   1  ■■ 

the    l"\ver    landing,    where    it    should    be    stopp. 
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9 — Attach  the  ropes  between  the  locomotive  and  the  cage,  and  give  the 
signal  to  the  engineer  to  raise  the  cage  slowly,  stopping  when  they  are 
stretched.  The  ropes  and  fastenings  should  now  be  adjusted,  making  certain 
that  the  blocks  under  the  journal  boxes  are  in  position,  after  which  the 
brake  should  be  released  and  the  locomotive  pinched  toward  the  shaft  until 
the  draw  bar  is  under  the  center  of  the  cage.  The  brake  should  now  be  reset. 
10 — Station  cue  man  to  handle  the  rope  controlling  the  block  and  tackle. 
the  brake,  and  having  told  the  engineer  to  raise  or  lower  on  signal 
about  six  inches  at  a  time,  start  to  hoist  slowly,  pinching  the  locomotive  for- 
ward so  as  to  keep  the  ropes  which  are  lifting  nearly  perpendicular.  When 
the  front  bumper  commences  to  bear  on  the  rails  which  were  spiked  down  as 
per  item  4,  continue  to  use  the  pinch  bars,  until  the  locomotive  has  to  be  held 
back  by  means  of  the  block  and  tackle. 

11 — When  the  locomotive  hangs  steadily  over  the  shaft  with  the  block  and 

tackle  hanging  from  the  front  bumper,   remove   the   timbers  set  across  the 

top  of  the  shaft,  and  give  the  signal   to  the  engineer  to  lower  slowly   and 

tlily.     When  all  is  going  sm  lothly  arrange  to  clean  up  and  re-adjust  any 

ails  that  have  been  disturbed  around  the  top  of  the  shaft,  leaving  one  man 

watch   for  and  transmit  signals  to  the  engineer,  and  let  the  rest  of  the 

men  go  below  via  the  air  shaft.* 

When  the  men  below  know  that  the  locomotive  has  left  the 
surface  they  shonld  carefully  approach  the  bottom  of  the  shaft  and 
watch  its  descent,  being  ready  to  check  it  with  the  signal  bell  at  any 
moment.  They  should  also  be  prepared  to  catch  hold  of  the  block 
and  tackle  hanging  from  the  locomotive  and,  when  it  nears  the  bot- 
tom, conduct  it  toward  the  rope  that  has  been  secured,  giving  the 
>ignal  to  stop  lowering  when  the  front  or  lower  bumper  is  close  to 
the  timbers  laid  across  the  sump.  The  locomotive  must  be  gradu- 
ally pulled  out  of  the  shaft  with  the  block  and  tackle,  alternately 
lowering  a  few  inches  and  tightening  up  the  blocks;  or,  in  other 
words,  reversing  the  operation  of  swinging  under  the  cage  on  the 
surface. 

LOCOMOTIVE  HUNG  IN  PLACE  OF  CAGE 

If  it  is  decided  that  the  locomotive  is  too  heavy  or  too  large  to 
hang  below  the  cage,  and  it  is  therefore  hung  on  the  end  of  the 
hoisting  rope  in  place  of  the  cage,f  the  procedure  must  be  as  fol- 
lows : — 

1 — Having  determined  whether  the  cage  shall  be  taken  out  at  the  upper 
or  lower  landing,  several  timbers  about  4  in.  by  6  in.  or  6  in.  by  6  in.  must 
first  be  laid  across  the  shaft,  and  flush  with  the  top  of  the  track  rails,  upon 
which  to  lower  the  cage. 

2 — At  the  lower  end  of  the  hoisting  rope  two  strips  of  wood  about  2  in. 
by  4  in.,  or  2  in.  by  6  in.  with  blocks  of  wood  inserted  about  3  inches  from 
either  end  must  then  be  attached  to  serve  as  guides  when  the  cage  is  re- 
moved and  to  keep  the  hoisting  rope  from  untwisting  when  the  locomotive 
is  being  lowered.     It   is   important   also   to   firmly   belay   the   hoisting   rope 

ould  it  develop  that  because  of  some  local  condition  the  airshaft  cannot  be  used 
to  join  the  men  who  have  gone  below  it  must  be  arranged  to  have  three  or  four  men  take 
care  of  this  part  cf  the  work  from  the  start. 

tlf  taking  out  the  cage  can  be  avoided  by  reducing  the  weight  of  the  locomotive,  it  is 
best  to  do,  as  at  many  mines  neither  those  in  charge  of  the  mine  nor  the  men  themselves 
like  to  have  the  cage  removed,  or  the  hoisting  rope  uncoupled. 
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to  tlio  guides  or  other  permanent  structure  before  uncoupling  it   from  the 
cage,  thai   when  the  weight  of  the  cage  is  removed,  the  rope  ma)   not  • 
itself  up  in  the  shaft. 

3 — The  hoisting  rope  may  then  be  detached,  and  the  cage  taken  out  1>> 
removing  from  it  the  guide  shoes,  or  taking  out  tion  of  the  guides. 

4 — Then  move  th<  ut  of  the  way  on  rollers  or  greased  rails,  bring 

the  locomotive  up  ti>  the  edge  of  the  shaft,  and  fasten  the  hoisting  rop< 
the  locomotive  coupler,  etc.,  as  outlined  in  item  3,  p.  1103, 

5 — \t'wT  swinging  the  locomotive  over  the  shaft,  the  guides  must  be 
tened  in  position  on  the  rope  to  prevent  any  turning  when  the  apparatus  is 
being  lowered. 

SLOPE    MINE 

[f  the  locomotive  is  to  be  placed  in  service  in  a  mine  entered 
by  a  slope  a  thorough  inspection  should  fir^t  be  made  of  the  slope, 

from  top  to  bottom  and  the  following  noted: — 

I — The  height  of  the  guide  pulleys  or  rollers,  in  relation  to  the  top  of 
the  track  rails. 

2 — What    is  the  minimum  height   from  top  of  track   rails  to  bottom  of 

<•  timbei 

3 — What  is  the  minimum  clearance  from  track  rails,  right  or  left,  to  side 
of  slope  or  slope  timbers,  etc 

4 — What  is  the  height  from  the  top  of  the  track  rails  to  the  top  of  the 
highest  pulley,  roller,  or  other  obstruction  over  which  the  locomotive  must 
pas: 

With  this  information,  it  will  then  be  possible  to  decide-  regard- 
ing the  following  details: — 

1 — If  the  guide  pulleys  or  rollers  do  not  project  more  than  two  in< 
above  the  top  of  the  track  rails  the  locomotive  can  be  run  down  the  slope  on 
its  own  wheels  l>y  attaching  it  to  the  hoisting  rope  after  having  tightened  un 
the  motor  suspension  and  removed  the  gear   cases,   sandbox   pipes,   and   such 
other  details  as  are  necessary  to  insure  safe  transit. 

2— If   the  guide   rollers  or   pulleys   an-   more  than   two   inches  above   the 
track  rails  ami  yet  low  enough  to  permit   the  bottom  of  the  foot  pi; 
bumpers  to  pass  over  them,  the  locomotive  can  be  lowered  down  the  slope  on 
its  own  wheels  by  proceeding  as  in  the  first  proposition,  or  if  necessary  the 
tors  and  such  other  details  as  will  interfere  may  be  removed. 

When  lowering  a  locomotive  down  a  slope  on  its  own  wheels,  two  men 
should  ride  on  it,  one  to  control  thi  .  the  other  to  jnal 

bell  ■  ne  room  to  stop  or  start  the  engine  as  required. 

,} — When  the  guide  rollers,  pulley-,  or  o  ring 

the  locomotive  down  tl  on  its  own  wheels,  an  cnd<  a  iade 

•  i  obtain  a  car  such  as  Used  on  the  slope  for  lowering  timbers  or  special  ma- 
tt, rial.  The  locomotive  can  then  be  placed  on  this  car  and  lowered  down  the 
slope  \  '.ly.  having  securely  blocked  the  locomotive  front  and  back 

the  car.     At  h  man  should  ride  on  the  car  to  handle  the  signal  bell  as 

i  equired. 

4 — If  the  locomotive  cannot  he  loaded  on  a  car  as  a  unit,  because  of  limi- 
tations of  height,  etc.,  it  must  be  taken  to  pieces  and  loaded  in  car-. 

SETTING  UP  AND  PLACING   IX  SEfcVICE 

When  the  locomotive  has  been  placed  on  the  track  near  the 
bottom  of  the  shaft  or  slope,  the  next  step  will  depend  on  the 
amount  of  work  to  be  dune  before  all  details  are  in  place  and  all  i- 
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ready  for  hauling  coal.  If  it  is  found  that  there  arc  still  several 
hours'  work  to  be  done  and  this  is  liable  to  interrupt  operations  in 
the  mine,  ii  will  be  better  to  get  a  nude  and  have  the  locomotive 
hauled  to  some  location  where  the  work  can  he  finished  undisturbed. 
If  a  mule  cannot  be  obtained,  five  or  six  men  can  probably  push  the 
locomotive  to  the  desired  location. 

All  details  required  to  place  the  locomotive  in  service  should 
then  be  carefully  gone  over,  including  the  following: — 

i — Clean  the  locomotive  thoroughly  with  new  waste,  and  nil  all  bolts  and 

rings  when  re-setting  the  parts  removed. 

2  -Open  ii])  the  commutator  housing  lids  and  thoroughly  clean  the  inside 
>>i"  the  motors,  the  commutators,  brushes,  brush  holders,  etc. 

See  that  each  brush  moves  freely  in  its  holder,  and  bears  evenly  on  the 
commutator  with  a  pressure  of  alum;  five  lbs.  per  sq.  in.  of  brush  end  area. 
When  all  is  clean  and  tighl  inside  the  motors,  replace  the  commutator  hous- 
ing lids  and  set  firmly  in  place. 

3 — Examine  the  nil  boxes  on  the  motors,  making  sure  that  they  are  clean, 
that  they  receive  good  oil,  and  that  there  is  fresh,  new  waste  in  place. 

4 — Examine  the  pinions  and  gears,  inspecting  each  tooth  by  pinching  the 
locomotive  forward  until  a  complete  turn  of  each  gear  has  been  made,  and 
roughly  oil  and  grease  them  before  closing  the  gear  cases. 

5 — Open  up  the  controller,  carefully  inspect  each  finger  and  its  contact, 

that  both  are  clean,  and  that  each  finger  bears  on  its  contact  evenly  and 
with  the*  same  pressure.  In  general  practice  each  finger  should  bear  on  its 
contact  with  a  pressure  of  from  to  to  12  lbs.  After  all  adjustments  have 
been  made  and  all  contacts  are  clean,  rub  a  very  small  amount  of  vaseline 
over  the  face  of  each  finger.  Having  inspected  all  connections,  close  the  con- 
troller with  both  handles  in  the  off  position. 

6 — Next  look  over  the  resistance,  making  sure  that  each  grid  and  frame 
or  column  is  clean  and  dry  and  that  all  connections  are  in  place  and  tight. 

7 — Examine  the  trolley  with  its  movable  contact  and  receptacle,  and  see 
that  the  trolley  socket  at  the  base  is  clean  and  oiled,  and  also  the  harp  and 
trolley  wheel.  When  the  movable  contact  block  is  fitted  on  its  receptacle,  be 
sure  that  it  sets  tightly  and  evenly.  The  trolley  pole  cannot  be  cut  nor  the 
trolley  spring  adjusted  until  the  maximum  and  minimum  height  of  the  trolley 
wire  is  determined;  accordingly  the  mechanical  parts  may  now  he  considered. 

8 — Release  the  journal  boxes,  and  oil  and  inspect  the  journals;  adjust  the 
1  rake  work,  the  motor  suspension,  the  sand  box  rigging,  headlights,  etc.,  and 
have  sand  dried  and  ready  to  fill  the  sand  hoxes. 

When  a  final  inspection  shows  all  is  in  place  and  all  oiled  and 
clean,  put  the  trolley  wheel  on  the  wire  and  if  light  is  obtained  at 
the  headlights  try  the  locomotive  over  the  run  at  very  low  speed, 
giving  attention  to  the  following: — 

I — Before  starting  over  the  track  with  the  locomotive  it  is  well,  as  a 
matter  of  precaution  to  take  the  shine  off  the  wheels  that  they  may  bear 
evenly  and  securely  on  the  rail-,  to  butt  one  of  the  bumpers  against  an  im- 
movable obstacle  and.  having  sanded  both  rails  under  the  wheels,  spin  them 
three  or  four  times  for  about  t<  n  seconds  each  time. 

2 — When  spinning  the  wheels  note  how  the  locomotive  starts  on  the  first 
es  and  the  first  multiple  notch  of  the  controller,  and  then  accelerates,  after 
having  left  word  with  those  in  charge  of  tin  generator  at  what  voltage  to 
run.  i  check  the  pressure  on  the  trolley  wire. 
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3 — What  is  the  minimum  height  of  the  trolley  wire  and  the  pressun 
trolley  u  heel  at  thai  point  ? 

i    What  is  the  maximum  height  of  the  trolley  wire  and  the  pressun 
the  a  that  point  '. 

\\  motivi   and 

the  timbers,  door  on  straight  road;  also  the  clearance  on  the 

minimum  cun 

6 — What  is  th<  ip  of  th(  i  itive  and  the  i 

<  >r  i 

7 — When  at   least   one   round    tri|>   has   been    made    slowly,    the   trolley 
I >•  «lt-    may    be   cut    or    adjusted    t"    suit    the    trolley    wire,    endeavoring 

ttle  variation  in  the  pressure  of  the  wheel  on  the  wire  a-  possible, 
and  not   less   than   about    15   lbs.   at   the   maximum   height,   the   pole   mak 
ing  an  angle  of  about  45  d<  with  the  top  of  the  locomotive      \-  .1  simple 

it"  the  trollej  p  6  ft.  long  over  all  and  set  on  a  locomotive  about  .?  ft 

the  rail,  it  will  readily  reach  a  trolley  wire  at  a  maximum  of 
about  7  '•    6  in   ab  >\ e  the  rail. 

When  the  locomotive  has  been  taken  over  the  complete  run,  and  all 
1  clearance,  etc.,  haw  been  approved,  it  should  be  coupled  to  somi 
-   and   the  details  of   the  bumpers   and   coupling   noted.     If   it    pulls  and 
pushes  p  ictorily,  a  trip  with  a  few  empty  cars  should  be  made 

and  all  curves  taken,  I  that  the  cars  follow  under  all  condil  hen 

pulled. 
9     Having  decided  that  a  trip  may  be  handled  satisfactorily  throughout 
the  run.  by  trying  a   few  empty  oars  slowly,  plan   to  haul   the  maximum   load 
■ut  the  third  round  trip.    That  1-.  it'  30  cars  are  to  represent  the 
maximum  load,  haul  from  15  to  20  the  firsl  trip.  20  to  25  the  second,  and   jo 
the  third    making  an  examination  of  all  details  between  trips,     [f  all  proves 
well,  extra  trips  may  be  mad.-  if  desired  by  the  management,  or  the  official 
may  be  made  and  approved  in  writing  by  them. 

It   is  well  to  remember  that  care  should  be  exercised  before 

making  any  move,  as  the  success  of  the  undertaking  and  safety  of 

the  locomotive,  as  well  a-  of  those  engaged  to  do  the  work  depends 

on  mam-  items  which   in  themselves  call   for  but  little  effort,  yet 

whose  importance  cannol  be  overlooked. 
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796— Calibration  of  Large  Capacity 

Ammeter,     when     no     Shunt     or 

Standard    of    Sufficient    Capacity 

is  Available — It  is  desired  to  cali- 
brate a  5000  ampere  direct-currenl 

ammeter,  but  no  shunt  or  standard 

ammeter    of     this    capacity    is    at 

hand.      Is    there    any    method    bj 

which  the  millivolt  drop  across  the 

meter  shunt  can  be  measured  and 

the  corerct  values  of  current  com- 
puted therefrom?  b.l. 

In  order  to  check  the  ammeter  it 
is  necessary  to  cither  compare  it  di- 
rectly with  another  ammeter  of 
known  accuracy  or  to  determine  the 
resistance  of  the  meter  and  the  milli- 
volt drop  across  of  the  shunt.  From 
this  information  the  amperes  can  be 
calculated.  The  current  will  be  equal 
to  volts  divided  by  resistance.  The 
resistance  of  the  shunt  can  doubtless 
be  obtained  by  applying  to  the  manu- 
facturer of  the  meter,  as  it  is  usual 
for  the  makers  of  such  instruments 
to  keep  a  record  of  this  information. 
You  would,  of  course,  have  to  supply 
serial  or  other  designating  number 
of  the  instrument.  The  millivolts 
drop  of  the  meter  shunt  can  be  meas- 
ured by  means  of  a  portable  milli- 
voltmeter.  p.m. 

797 — Use  of  Lead  Pipe  for  Trans- 
former   Cooling    Coils  —  Would 

there    be    any   objection     to     using 

lead  pipe  in  transformers   for  the 

cooling   coils   in    place   of   copper? 

The   pressure    would    be    two    or 

three  pounds  and   accordingly    no 

danger    of   the    pipe    breaking   and 

jetting  water  into  the  oil.    As  lead 

pipe  is  much  easier  to  bend  and 
rm  and  is  generally  easy  to  ob- 
tain, it  could  be  used  conveniently 

in  many  emergency  cases.  Of 
urse,    the    heat    conductivity     of 

lead  is  low  compared  with  that  of 

copper.  f.h.w. 

Lead    pipe    is    not    substantial 

enough  for  such  use.     A  puncture  in 

the    cooling   coil    might    destroy    the 

transformer  and  accordingly  the  ma- 


terial of  which  the  coil  is  made 
should  be  strong  and  tough.  More- 
over, there  might  he  impurities  in 
the  water  which  would  attack  lead 
pipe  and  destroy  it.  Accordingly,  it 
should  not  be  used  for  cooling  coils 
except  for  extreme  emergency  condi- 
tions, and  then  should  not  be  al- 
lowed to  remain  permanently  in 
service.  w.M.M. 

798 — Proper  Spacing  of  Transmis- 
sion Line  Wires — How  is  the 
proper  spacing  between  line  wires 
of  a  high  tension  pole  determined? 

J.O.F. 

Proper  spacing  of  transmission 
lines  is  determined  by  observation  of 
current  practice  in  that  regard;  thus, 
for  very  high-tension  lines,  spacing 
between  wires  may  run  to  as  high 
as  10  or  12  feet,  and  for  lower  oper- 
ating voltages  the  spacing  is  re- 
duced. There  is  no  general  rule  so 
far  as  we  are  aware  by  which  the 
proper  spacing  can  invariably  be  de- 
termined ;  it  is  largely  a  matter  of 
choice,  the  same  transmission  voltage 
being  used  with  spacings  varying 
sometimes  as  much  as  50  percent. 
One  of  the  items  which  has  a  con- 
siderable bearing  upon  the  proper 
spacing  is  the  size  of  objects  which 
might  accidentally  interfere  with  the 
transmission  lines,  such  as  eagles, 
buzzards  for  the  western  lines  and 
other  animals,  which  may  possibly 
make  contact  between  adjacent  wires. 
The  usual  spacing  is  so  far  above 
the  actual  striking  distance  of  the 
tage  used  that  the  striking  dis- 
tance can  be  said  to  have  practically 
no  effect  upon  spacing.  The  method 
of  spacing  hinges  to  a  large  extent 
upon  the  possibility  of  being  able  to 
work  at  one  wire  of  a  line  with  the 
'  ther  parts  alive,  or  at  one  of  two 
transmission  lines  on  a  given  set  of 
poles  or  towers  when  the  other  line 
is  alive.  In  general,  therefore,  it  can 
iid  that  there  is  no  fixed  rule  for 
determining  spacing,  but  recourse 
must    he    had    to    what   other   people 
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have  <l"ti<-  along  the  same  line, 
question  of   the   spacing   of  conduc- 
tors and  reactance  of  the  transmis- 
sion circuits  enters  into  the  problem 
.t    minor    factor;   the   closer    the 
wires,  the  less  the  reactance  of  the 
circuit,  and  hence  the  advantage  of  a 
minimum  safe  spacing  so  far  as  line 
« 1  r < » 1 »  is  concerned,  although  the    ef- 
fect   of    this    factor    does    not    need 
serious   consideration,  except   in   the 
rtremelj   low  high  voltage 
lmcv     \s   the   spacing    is   decreased 
the  electrostatic  capacity   of  the  cir- 
cuits   is    correspondingly    increased. 
Thus;  in  a  high  voltage,  three-pl 
power   cable,    for   example,   the    re- 
actance is  a  minimum,  while  tin-  ca- 
pacity l'lo. pints  appreciable.        p.mx. 
799 — Calibration  of  Service  Meters 
with     Portable    Instruments  —  A 
•  it  type  current  transformer  and 
portable    rotating    standard    watt- 
hour  meter    are    to    be    used    for 
testing  watthour   meters  and  cur- 
rent   transformers    combined,    by 
putting    a    split    transformer   over 
the  primary  and  using   a  rotating 
indard    watthour    meter   on    the 
:ondary  of  the  split  transformer, 
having    previously    calibrated    the 
split     transformer     and     standard 
watthour  meter  to  gel     good   re- 
sultanl    curve.     By    adjusting    the 
service     meters     accordingly     this 
would   appear  to   be   a   very   easy 
imth'xl   where  current  transform- 
are     already     installed.       a — 
Would  there  be  any   error  intro- 
duced   in    the    split    type    currenl 
transformer  by  the  primary   wire 
not  being  in  the  center?    /•   -What 
is  the  best  method  of  testing  cur- 
rent   transformers    fW    use    with 
watthour  meters?     c — Can   a   poly- 
phase graphic   power-factor   meter 
be  tested  with  a  single-phase  port- 
able  power-factor  meter?       <   \  v. 

a — In    a    split    type    current    trans- 
termer   the   ratio    curve   is    riot    very 

■!.  due  to  the  usually  low  amp< 
turns.  For  currents  below  300  am- 
peres tin's  type  of  transformer  is  of 
no  use  unless  calibrated  together 
with  its  meter.  Even  then  the  read- 
ings will  vary  considerably  due  to 
different  adjustments  of  "the  mag- 
netic circuit.  A  more  serious  <  rmr 
when   u<vd   with   a   wattnv  -hat 

due  to  phase  displacement   which    is 


inherentl)  large  in  tin 

•mi  and  which  cannot  lie  elimi- 
nated bj  calibratii  m  I  Ins  t>  pe  1  'i 
transformer    i^   th<  unsuit; 

for  wattmeter  measurements  and  im- 

ible  l' ■!'  calibrating  w< »rk  in  1 
nection  with  wattmeters.     Very  little 

■  r  would  l>e  introduced  by  the  pri- 
mary wire  not  passing  through  the 
center  of  the  opening,  b  Both  the 
ratio  error  and  phase  displacement 
error  should  he  determined.  I 
are  best  obtained  by  a  null  method 
such  as  is  used  by  the  l.  S.  Bureau 
1  >t'    Standards      This   of  re- 

quires an  expensive  apparatus  and  i^ 
impossible  tor  the  ordinary  user  of 

current    transformers    to   apply.      Tin- 
ratio  may  he  checked  hy  using  stand- 
ard instruments  in  tin-  primary  and 
ndary.     The  phase  displacement 
that  is  typical  of  a  given  type  of  cur- 
rent   transformer    may    he    obtained 
from  the  manufacturer,    c    A  poly- 
phase power- factor  meter  cannot  be 
calibrated  by  comparison  with  a  sin- 
gle-phase meter.  WJt.W.  AND  H.B.T 
800 — Pitting    of    Commutator     I  >n 
a    550   volt,    136   ampere.   850   r.p.m 
direct-current  generator,  the  com- 
mutator   is    ^i\in^r    trouble.     The 
insulation     between     segments 
eating    out    and    the    bars    .11    the 
outer    end     from    the    commutator 
have    holes    eaten    between    them 
one-quarter  inch  (hep.     When  the 
machine  i^   started   ami   the  volt., 
begins  to  rise,  a  ring  of  tin-  ap- 
pears   all    around    the    end    of    the 
unmutator,  but  after  it  comes  up 
to  voltage,  the  sparking  st..ps  and 
the  machine  runs  well.      I  tell 
me  the  cause  of  this  and  some  way 
to    fill    in    the    places    that    are    in- 
jured.    The  generator  is  pulling  a 
car  load  which  at  times  run- 
to    75     percent     overload,     hut     for 
only   a    few    seconds,    however,    at 
which   time  the  machine   runs   well 
and  without  sparking.                 A.G.V. 

It  is  generally  considered  that  pit- 
or  eating  out  of  mica 
commutator  i>ars  our;-  from  some 
form  of  dirt  getting  on  or  into  the 
mica  segments.  This  dirt  is  more 
or  '  a  conductor  and  current 

carried   hy  it.  due  to  the  voltage  be- 
»ner  or  later  car- 
honize   the    mi.  that    it    in    turn 

becomes    conducting.      This    process 
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of  carbonizing  or  burning  goes  on 
until  holes  of  considerable  size  are 
sometimes  produced  in  the  mica.  Oil 
is  a  common  vehicle  Eor  transmitting 
or  holding  the  dirt  and  care  should 

tys   be   taken   to   see   that   no  oil 

>  to  the  commutator  bj   creepage, 

spraying  or  otherwise.     \  successful 

way  of  treating  holes  in  the  mica  is 

lean  them  out  thoroughly,  re- 
moving all  burned  and  conducting 
material  and  then  to  till  them  up 
with  some  form  of  high-grade 
cement.  That  used  by  dentists  is 
very  good.  Plaster  of  Paris  with 
sufficient  shellac  for  a  bond  has  also 
n  used  but  is  not  so  uood  as  the 
dental  cement.  The  filling  material 
should  I  thoroughly 

ire  the  machine  is  used.  The 
sparking  at  the  end  of  the  commu- 
tator is  probably  due  to  dirt  of  some 
kind.  The  end  of  the  commutator 
should  he  thoroughly  cleaned  and 
then  painted  with  a  good  insulation 
paint  mi-  varnish,  this  being  renewed 
as  often  as  necessary.  The  outer 
corner  oi  the  commutator  should  be 
slightly  rounded  (about  1/16  inch 
radius),  and  kept  so  as  the  commu- 
tator wears,  as  it  is  found  that  a 
sharp  corner  is  much  more  apt  to 
pit.  All  of  the  surface  should  be 
kept  scrupulously  clean.  See  article 
"ii  "Care  and  Operation  of  Commu- 
tators" in  the  Journal  for  May, 
191--  W.A.D. 

801 — Installation  of  Squirrel  Cage 
Induction  Motors — Is  it  possible 
to  install  squirrel-cage,  three- 
phase  induction  motors  ranging  in 
size  from  10  to  200  hp  with  440 
volts  so  as  to  have  same  overload 
starting  ability,  power-factor  and 
current  consumption  as  is  required 
by  a  wound  rotor  induction 
motor?  If  so,  could  the  squirrel- 
cage  motor  and  its  starting  equip- 
ment be  made  equally  as  reliable 
and  durable  as  the  other  type? 
Please  give  comparative  cur 
and  explain  the  difference  in  in- 
fluences on  line  and  input  load. 

L.P.H. 

General  information  on  this  ques- 
tion is  given  in  the  article  on  "Induc- 
tion Motor  Characteristics"  in  the 
Journal  for  July,  1908,  p.  366.  In 
addition,  the  following  specific  in- 
formation may  be  noted.    There  is  a 


marked    and    essential    difference    be- 
tween  the   starting   characteristics  of 
a    squirrel-cage   and   a   wound   rotor 
induction    motor.      The    main    points 
in  this  difference  are  as  follows:  1 — 
The      possible      maximum      starting 
torque.      In    a    squirrel-cage    motor, 
the   maximum    torque    with    which   it 
can  start    from  rest  is  limited  by  the 
design,  and  on  average  motors  runs 
around     1.5    times     full-load    torque. 
This   is   true  even   when    the  pull-out 
torque  of  the  motor  may  he  as  high 
a-    3    to   3.5    times    full-load    torque. 
With  a  wound  rotor  mo'tor  it  is  al- 
ways   possible    to    develop    a    torque 
equivalent  to  the  pull-out  torque  of 
the    motor    if    the    proper   amount   of 
resistance    is     inserted     in     the    sec- 
ondary circuit.    2 — The  power-factor 
when      starting      against       full-load 
torque    on    an    average    squirrel-cage 
motor  will  he  in  the  neighborhood  of 
55   to   60   percent,    while    the    power- 
factor    in    starting    against    full-load 
torque    with    a    wound    rotor    motor 
will    he    the    same    as    the    full-load 
power-factor,  i.  c,  probably  from  85 
to  90  percent.     3     Amount  of  start- 
ing  current   required :     To    start   on 
full-load     torque     with     an     average 
squirrel-cage  motor  will  require  any- 
where   from  2.5  to  5   times   full-load 
current    from    the    line,    whereas    a 
wound    rotor   motor   may   he   started 
against   full-load  torque  with  a  cur- 
rent very  little  in  excess  of  full-load 
current.     From  the  foregoing,  it  will 
be  noted  that  a  wound  rotor  motor 
is   more   desirable    from   every   point 
of  view  so  far  as  starting  conditions 
are  concerned.     Its  only  drawback  is 
that  the  rotor  winding  is,  of  course, 
not  so   simple   or    rugged    as    in   the 
case  of  the  squirrel-cage  motor.     On 
circuits  where  the  generator  capacity 
is  ample  and   where   the   size  of   the 
largest     individual     induction     motor 
unit  is  not  over  one-third  of  that  of 
1  he  generator  unit,  it  is  often  prefer- 
able  to   use   squirrel-cage   motors   on 
account  of  their  simplicity.     If  there 
is    any  question,   however,   of   insuffi- 
cient generator  capacity  or  poor  line 
voltage   regulation,    it    is    well    to   in- 
stall    wound    rotor    motors.      Auto- 
starters      for     squirrel-cage     motors 
may   he   made   practically   as   durable 
as     resistance     starters     for     wound 
rotor    motors.      See    Xos.    528,    Feb., 
ion,  and  673,  Die.,   1011.  am.d. 


THE  JOURNAL    QUESTION  BOX 


1 1 1 1 


802 — Cutting  Steel  With  Alterna- 
ting-Current Electric  Arc  In 
CUttmj  I  <■   inch 

in  thickness  by  electric  arc.  wl 
tld  current  ai 
ternating-current   circuit'     Wl 
time  is  required  for  5uch  thickn< 

We  h  data  on  the  cutting  of 

by  alternating  curn  n1  an.! 

we  'I"  n  ■:  know  of  anj  ■  »n  n  li" 

has.     Direcl  current  is  used  entii 
for  welding,  and   a-  the  cutting   ofl 
il   i-  usual!)   a   secondarj    op- 
eration, such   plants  have   also 
1 1  — « •  1   for  tlii—  latter  purpose.     In  nr- 
der   t"   apply   an   alternating-current 
arc    for   Mich    work,   it    would,   th( 
fore,  seem  necessarj   t.>  w.>rk  oul  a 

ution,  if  such  ■  ble,  hut 

may  mention  that  as  the  temperature 
would  he  rather  lower  with  alternat- 
ing   than    with    direct-current,    we    do 
n ■ » t    think   the    former   would   1" 
effectr  I    : 

803 — Bad    Regulation    Due    to    In- 
duction Motors — Will  you  pli 
give  me  the  necessary  information 
on   the   following  questii  in  :     A  73 
k.v.a.  three-pl  cycle,  600  volt 

:icrat.>r  furnishes  light  and 
power  for  a  small  plant.  Three 
and    five   horsepower,    three-pha 

1  \.>lt  induction  m  itors  are  con- 
nected directly  a 

main-    for    power.      Thr.  75- 

5511   \  "It    primary    I  ■    220-  (io    ■ 

ondary  transform!  p  down 

the   \  ■  'r  lighting   purpi  ■- 

When     a     five    I  \er.    hij 

.  ator  ni'  'tor  j-  started  up. 
the  switchboard  ammeter  jump-  up 
about  fifteen  amperes  while  the 
voltage    indicated    "ii    th<  >lt- 

voltmeter  drops  down  about   forty 
\"lts.    This  same  thing  happens  I 
a  less   extent   with   a   three  hors 
.ver  conveyor  motor.     Will  3 
kindly    suggest    a    way    to    remedy 
this?      Would    a    Tirrill    r<  . 

irrect  this  fault  and  prevenl  the 
resulting  dimming  and  flickering 
of  the  lam] 

The  startii  hp  mi 

means  an  increase  of   15  amp 
very  nearly   15  k.v.a.   in   load   "ii   the 
20  pei  .  the 

rated  capacity.  At  the  low  power- 
factor  of  the  starting  current  the 
generator    would    hav<  -ion 

•  30  to  40  percent.     With  a  change 


in  load  of  jo 
would 
normal    or,    in    thi 

I  h 
with      the 

which  shi  >\\  -  tl  r\  ed  dr.  ip  t.i  be 

reasonable.        \      I  irrill      r< 
would  I  msid(  rabli 

but  would  ii"'.  act  quick]} 

iminate    the    drop      Tin- 

trouble    is    hardlj  lable    when 

lights  and   elevator   1 1 1  •  •  t . ■  -  her 

motors   with    1.  arting    1  urrent, 

pared  with  the  generator  rating, 

tonnected  to  the  same  general 

1    : 

804 — Operation  of  Induction  Mo- 
tor \  i-i)  hp.  u  ater  turbine 
working  1    r.p.m.    under    a 

head    of    150    ft.   and    provided    with 

mechanical  governor,  is  belted  to  a 
shaft    requiring    .1    constant 
of    iiki  r.p.m.      I  hie  to  late  incn 
of  load,  its  speed  falls  off  cons 
erably,  and  it   is  proposed  to  belt 
an     80     hp..     4'mi     r.p.m..     C"iistant 
speed     induction     motor,     throu 
suitable  pulleys,   to  the    nm  r.p.m. 
shaft,  s  ■  as  to  be  able  to  maintain 
the  required  speech     please  explain 
the  behavior  of  the  two  machii 
under   various   conditions  of  load. 

Up  to  it-  pull-OUt  capacity  the  in- 
duction  ni"t.>r  will  carry  all  the  load 
over  and  above  what  the  water  wheel 
will  carry  at   [00  r  p.m.  \  m.i> 

805 — Mounting  of  Ground  Wire  on 
Pole — Which  is  considered  the 
better  construction  for  mounting 
a  ground  wire  on  a  pole;  the  11-' 
of  staples  <>r  knobs?  What  ser- 
ious  objections  are  there  of  run- 
ning a  ground  wire  for  lighting 
an  in  a  small  length  1  >f  iron 

pipe  used  t>  1  pr< itect  the  wii 

\.K. 

Tin-  purpose  of  the  ground  v. 
:-.  of  course,  to  maintain  ground  or 
zero  potential  both  on  tin-  pole  and 
mi  the  ground  side  of  apparatus 
which    the   wire   may   he   connect 
such  a-  lightning  am  I  an 

rhead    grounded    wire,    as    the 
may   he.      It    will   tl  !><• 

of  knobs  i-  1111- 
iry  and  is  a  disadvantage  in 
keeping  the  pole  at  ground 
tential,  especially  when  it  is  damp 
cr  wet  due  to  rain.  There  is  m. 
the  ground  wii  1  R.S. 
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objection    to    the    running    of    the 
ground   wire    in    an    iron    pipe    for 

protection  oi  the  wire,  provided  the 
very   important   precaution   be   ob- 
served    of     permanently     soldering 
the  pipe  ami  wire  together  to  gi 
durable  low   resistance   connection 
between  them.     Otherwise  the  pipe 
would  have  a  choking  effect  on  the 
e    of   current    to    ground    via 
806—  Difficulty  with  Parallel  Oper- 
ation of  Two  Wound  Secondary 
Induction   Motors — Two   100  hp, 
7-0    r.p.m.    wound    secondary    in- 
duction motors  are  connected  by 
chain  drive  to  a  pump.     The  n 

rs  are  wired  to  run  singly  or  in 
parallel,  the  connection-  being  as 
in  Fig.  80(1  (a).  Our  method  of 
irting  is  to  close  first  the  three 
and  four-pole  switches  between 
the  controller  and  collector  rings 
and   between    the    controller  and 
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starting    resistance,    respectively, 
ne  motor,  and  then  to  close 
the   oil    switches   1  ting  this 

motor  to  the  440  volt  line.  This, 
however,  starts  the  motor  with  a 
jump  and  it  reaches  almost  full 
speed  before  we  have  time  to  op- 
erate the  controller;  in  fact,  the 
latter  does  not  seem  to  vary  the 
speed.  If  there  is  any  other  wa>- 
that  we  can  connect  the  switch 
circuits  to  start  slower  will  you 
please  advise?  l.b. 


The  trouble  can  probably  be 
avoided  by  reversing  the  order  of 
switching  in  starting  the  motors. 
close  both  oil  switches  and  after 
the  motors  have  started  and  come 
to  approximately  the  same  speed, 
then  close  the  four-pole  switches 
and  last,  close  the  three-pole 
switches.  The  reason  for  the  pres- 
ent trouble  is  that,  with  all  knife 
switches  closed,  the  rotors  of  the 
two  motors  are  connected  directly 
in  parallel  and  it  is  probably  im- 
possible to  close  both  of  the  oil 
switches  at  exactly  the  same  time. 
The  result  is  that  the  motor  whose 
oil  switch  is  closed  first  has  its  sec- 
ondary winding  short-circuited  by 
the  secondary  winding  of  the  other 
motor,  and  the  motor  at  once  comes 
up  to  full  speed.  After  the  motors 
are  running,  the  controller  should 
operate  to  slow  them  down,  and  if 
slow  speed  is  desired  for  any  con- 
tinued length  of  time  the  three-pole 
switch  should  be  opened;  if  the 
speed  is  not  slow  enough  then,  the 
controller  should  be  notched  back 
to  the  third  position  or  to  the  off 
position.  It  will  then  be  found  that 
the  motors  will  probably  run  at 
slower  speeds  without  any  trouble. 
See  No.  750,  June,  1912.  h.l.is. 

807 — Overheating  of  Induction  Mo- 
tor Fields — A  number  of  three- 
phase  induction  motors  operating 
in  a  stone  plant  have  given  trou- 
ble due  to  over-heating  of  the 
fields.  The  windings  are  kept  as 
clean  as  possible  under  the  cir- 
cumstances, and  after  cleaning 
are  occasionally  given  a  coat  of 
shellac.  The  clearances  are 
maintained  by  renewing  bearings 
when  required,  and  we  have  been 
careful  to  inspect  the  windings 
for  loose  connections.  Please 
■ive  causes  and  remedies  for  such 
h<  il  ing,  1  .m.g. 

Judging  from  the  general  infor- 
mation given  in  the  question,  the 
cause  of  the  overheating  would 
seem  to  be  either  overloading  of 
the  motor,  or  low  supply  voltage, 
and  this  would  cause  the  motor  to 
draw  excessive  current  even  if  the 
load  wen  normal.  We  would  sug- 
gest that  the  voltage  at  the  motor 
terminals  be  measured  on  all  three 
phases,   as   well   as   the   current    in 
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1  line  under  normal  1  mil- 

lions, aii«l  these  read;  rnpai ed 

with   the   name   plate    information. 
The   reme<  mid   then   depend 

on  what  is  tlm-  found  a>  well  as  on 
the    way    the    troubh  the 

■ 

11  : 

808 — Heat  Equivalent  of  Electric 
Power  I  very  twentj  four  hours 
We    u  cubic    feet    o!   na- 

tural lnin  at   1  000  Btu.  to  main- 
mperature  of   1  100  de- 
.  :i     11  iw  much 
trio    power,    i.e.,    how     many 
lew-hrs,    would    be    required    to 
maintain  the  same  temperature  in 
this  .i\ en?     Plea  e  formula. 

1  lata  1  ■  garding  1  iutside  dimen- 
;,  thickness  1  if  walls, 
character  of  walls,  i.e.,  material 
used  in  their  construction,  num- 
ber and  size  of  doi  'i  -  <>r  1  >thcr 
.  and  details  regarding 
their  construction  are  given  in 
the  Fig   ft  -  w.s.d. 


•  >    •  -  .  ik  k  >—  1 


-  .  _ 


fig.  808  (a) 

To  estimate  the  exact  quantity  of 
luat  required  for  such  an  oven  as 
riheil    requires   data   regarding 
the  inducting  qualith  • 

dinary  material-,  such  as  brick 
work,  etc  Prom  the  information 
given  in  tJ  stion,  we  estin 

that  the  radiation  I  through  the 

walls  oi  the  oven  would  amount 
between    I  400  and    1  600  kw.       I 
amount  covers  the  approximate  ra- 
diation losses  only,  and  in  the  con- 
struction of  n-  is,  could  pr 
ably  be  reduced  by  the  use  of  a 
ter    quality    of    insulating   material 
for  the  walls  and  by  increasing  the 
amount.     The  quantity  of  the  ydass 
which  is  being  passed  through  the 
>>ven    would    also    affect    the    amount 
of  heat  required,  hut  we  do  not  be- 
lieve that  it  would  be  a  very  la 
percentage  of  that  required  to  sup- 


ply the  radial 

not  giv<  i  inula  for  the  cal<  illa- 

tion   of    ti  iru  .il    1 

quired,  but  the  ; 
mining   the   amount 
foil  l  he  total  ami  >unt 

musl  equal  the  loss<  s,  plus  the 
to  do  the  work,     l  he  los 
tute  those  by   conduction   through 

walls     and     radiation     from 
outer    Mir:  and    lot 

Mutilation     and     the     resulti 

moval  of  the  heated  air.     1  he  I 
by    conduction    depends    upon    the 
heat    conductivity   of    the    m 

ther  with  the  thickn  the 

wall  and  the  exp 

are    no  cal- 

culation   but  the  method  of  calcu- 
lating the  quantity  of  heat  conduc- 
ted through  the  walls  is  discus 
in  all  good  works  on  "II 
809 — Effect   of   Omitting   One   Coil 
From   Induction   Motor  Winding 
— What    effect    will    it    have   on    a 
squirrel    cage    r..:..r,    three  pi: 
induction    motor    to    cut    out    one 
coil?     Is  it  possibli  etting 

satisfactory  operation,  and  if 
what  is  the  procedure  tor  cutting 
out  a  coU?  w.j.k. 

The  effect  of  cutting  out  one  coil 
on  an  induction  motor  will  be  to 
make     the     phases     uiisymnietneal : 

the  effect  will  be  more  or  less  pro- 
nounced according  to  the  number 
of  coils  per  pole  per  phase  in  the 

motor.      If  the  number  of  coils  per 
phase    per    pole    is    sufficiently    lai 
(at  least  .?  or  .4)  the  cutting  out 
one  coil  will  have  no  serious  efl 


FIG.  809    I 

Tin-   current   per   phase  will   be  un- 
balanced     and      the      performance 
lewhat  poorer,  but  the  motor  in 
eral  will  ope:  rily. 

If  vice  versa  the  r  pole  per 

phase  are  few,  there  may  be  noise, 
vibration  anil  extra  heating.  To  cut 
out  one  coil,  open  the  connections 

-hown   at    .-/.-/,    in    Fig.   809 
The    ends    of    the    dead    coil 
should    tint   be    connected    together 
and  should  preferrably  be  taped. 

G.P. 
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8io— Alternator    Used    as    Genera- 
tor   or    Motor — It    is    desired    to 
operate  a  120  brake  horse-power, 
three-phase,    40    cycle,    220    volt, 
400  r.p.m.,   alternator   oi  the  re- 
volving  field  type  having  twelve 
poles    and    with     a     two    horse- 
wer,   50   volt   exciter   direct-con- 
nected to  the  shaft,  as  both  a  gen- 
erator  at   normal    frequency   and 
as   a    100   brake    horse-power,    50 
cycle,     220    volt     motor    without 
changing  the   rotor,   by  increase 
of  speed  in  the  latter  case.     How 
can  this  be  accomplished?        F.v. 
If  the  40  cycle,  400  r.p.m.  gener- 
ator is  brought  up  to  the  necessary 
speed  and  synchronized  with  a  50 
cycle    supply    circuit    the    machine 
will    operate    as    a    50    cycle    syn- 
chronous motor  at  500  r.p.m.,  with- 
out   any    structural    change    being 
required.     The  change  in  operating 
frequency    involves: —  1 — Increased 
speed  which   may  not  be  mechan- 
ically safe;  2 — Decreased  magnetic 
induction    and    decreased    field    am- 
pere-turns, both   of  which  tend  to 
reduce    the   pull-out    torque.      This 
may    be    reduced    below    that    re- 
quired  by   the   load  to   be   carried. 
On    the    other    hand    the    pull-out 
torque    may    be    increased    by    in- 
creasing the  excitation  and  opera- 
ting the  motor  at  a  leading  power- 
factor,  if  the  armature  winding  will 
safely  carry  the  increased  current. 
Some   suitable   means   for    starting 
the  motor  must  be  provided.    Very 
few   generators   will   develop   suffi- 
cient starting  torque  as  synchron- 
ous motors  to  be  self-starting. 

F.D.N. 

811 —  Telephone  Transpositions  — 
We  wish  to  string  two  new  tel- 
ephone lines  on  the  same  poles 
which  carry  our  33000  volt 
transmission  line  and  ask  you 
for  information  as  to  the  best 
method  or  arrangement  of  trans- 
positions to  reduce  as  much  as 
possible  inductive  noise.  The 
transpositions  in  the  transmis- 
sion line  are  about  3l/s  miles 
apart.  Should  the  telephone 
transpositions  be  arranged  with 
special  reference  to  those  of  the 
transmission  line,  and  should  the 
two  telephone  lines  be  trans- 
posed   alike    or    should    one    be 


from  left  to  right  and  the  other 
from    right    to    left?      Our   poles 
are      150     feet     apart — in     some 
places    closer.      Should    the    tele- 
phone   transpositions   be   exactly 
the  same  distance  apart?        c.l.g. 
It    is    desirable    to    make    trans- 
positions   in     the     telephone    lines 
comparatively      close      together. 
Every    fourth    or    fifth   pole   would 
probably    be    close    enough.      The 
only    reason    for    transposing    the 
two    lines    with     respect    to    each 
other  would  be  the  elimination  of 
cross-talk.     To   do   this   transposi- 
tions  of  one  line   should  be  made 
half  way  between  transpositions  of 
the  other  line.     In  order  to  obtain 
the      best      results      transpositions 
should  be  as  evenly  spaced  as  pos- 
sible    and     the     telephone     wires 
should   always   be   at  an   even   dis- 
tance from  the  transmission  wires. 

A.W.C. 

812 — Lightning  Protection — a — To 
insure  satisfactory  protection 
against  lightning,  is  it  necessary 
to  place  arresters  on  the  feeders 
coming  out  of  the  power  house, 
and  also  on  the  same  feeders  as 
they  enter  the  factory  when  the 
buildings  are  only  about  seven- 
ty-five feet  apart?  b — In  a  plant 
where  there  are  a  number  of 
buildings  and  the  feeders  for 
both  light  and  power  run  from 
one  building  to  another  is  it 
necessary  to  have  a  lightning  ar- 
rester at  each  building?  c — To 
protect  motors  on  cranes  from 
lightning  would  it  be  good  prac- 
tice to  place  an  arrester  at  the 
main  trolley  wheels,  of  course 
having  the  crane  track  well 
grounded  and  fasten  the  ground 
wire  from  the  arrester  to  the 
bridge  work  of  the  crane?  d — Is 
it  advisable  to  use  choke  coils  in 
connection  with  arresters  on 
three-phase,  600  volt,  25  cycle 
power  lines? 

a — No.  b — Should  recommend  ar- 
resters at  both  ends  of  any  line 
over  300  feet  long,  c — Yes.  d — It 
is  not  considered  necessary  since 
enough  inductance  to  do  any  good 
would  involve  too  much  drop.  We 
believe  in  general  that  for  such  lo- 
cal distribution  the  best  practice 
is  to  use  substantial  steel  construe- 
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tion    and    carry    grounded    conduc- 
tors over  the   feeders.     Very  little 
lightning   trouble  will   then   be  lia- 
ble to  occur.  K.iv j. 
813— Effect  of  Field  on  Power-Fac- 
tor   of    Synchronous    Motor — If 
Fig.    813    (j)    represents    a    syn- 
chronous   motor    for    the    condi- 
tions of  unity  power-factor  with 
a  lagging  current  and  also  with  a 
leading  current;  a — is   it  correct 
to     make     the     assumption     that 
nee   /'.c,  is  less  than  Ec,  that  a 
weak  field  causes  a  lagging  cur- 
rent; and  since  Ec-,  is  greater  than 
Ec,  a  strong  field  causes  a  lead- 
ing current?    b — Considering  that 
/,    represents    a    lagging    current 
when  extending  to  the  right  of  /. 
why   does   not    /x.   extend   in   the 
opposite  direction  from  which  it 
is  shown,   since  it  is  a  drop  due 
to  reactance  and  hence  causing  a 
lagging  current?                        s.c.w. 
a — The      assumption      made      is 
measurably  correct;  it  would  repre- 
sent the  fact  a  little  more  correctly, 
however,  to  say  that  the  generator 
ami  motor  counter-generated  e.m.f. 
must    be    such,    in    magnitude   and 
phase    relation,    that    the    vectorial 
difference    between    them    will    be 
just  sufficient  to  drive  such  a  cur- 
rent through  the  impedance  of  the 
total    circuit   as   will    produce   suffi- 
cient   torque     to     carry    the   motor 
load.     If  the  generator  or  line  vol- 
tage   be    considered    as     constant, 
then  the  driving  or  actuating  e.m.f. 
must  be  great  enough  to  drive  the 
current  required  for  torque  through 
the  impedance  of  the  motor  arma- 
ture.    Since,  over  wide   range,   the 
torque  is  nearly  proportional  to  the 
product  of  motor  excitation   (flux) 
and  armature  current  in  phase  with 
the  flux,  the  smaller  the  current  the 
greater   will   be   the   flux.     Or,  the 
less    the    motor   e.m.f.,    the    greater 
the   driving   tor   impedance)   e.m.f.. 
and  hence  the  greater  the  current, 
which  will  be  lagging  with  respect 
to   the  generator   e.m.f.   or   leading 
with   respect  to  the  motor  counter 
e.m.f..     and     so     it     will     assist     the 
motor  excitation  in  producing  suffi- 
cient   flux    to    give    the    torque    re- 
quired for  load.     Similarly,  with  the 
motor     counter-e.m.f.     greater     than 
that  of  the  generator,  the  current 


is  leading  with  respect  to  the  gen- 
erator, hence  demagnetizing  the 
motor  field,  by  virtue  of  the  phase 
displacement  of  the  motor  e.m.f. 
Were  this  not  so,  there  would  be 
the  paradox  of  a  generator  deliver- 
ing power  against  a  superior  (in 
phase)  e.m.f.  It  will  lie  found,  that 
for  actual  power  delivery  to  the 
motor,  the  component  of  its  e.m.f. 
in  phase  with  that  of  the  generator, 
will  always  be  less  than  the  genera- 
tor e.m.f.  b — The  difficulty  witli 
the  direction  of  the  reactance  com- 
ponent is  one  of  convention;  one 
school  represents  the  three  e.m.f.'s 
in  question  as  in  Fig.  813  (b),  tin- 
other  as  in  Fig.  813  (c);  the  first 
school  looks  upon  the  generator 
e.m.f.  as  the  vectorial  resultant  of 
the  separate  e.m.f.'s  while  the  sec- 
ts 
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FIG.  S13   (a).    (1.).    (c),    (d) 

In    Fig. 
Armature   Voltage. 

iter — E.m.f. 
Current   in   Phase. 
!  [ng    (  nrn-nt. 
' 

In    Figs,    (b),    o,    and 

rator  K.m.f. 
Motor   Counter — K.m.f. 
Driving  K.m.f.   or  "Iini  Drop. 

Line  Voltage. 

tance    Drop"    in    \nn.r 
Drop"    in    Ann. n 


ond  regards  the  generator  e.m.f.  as 
the  vectorial  equilibrant  of  the  consti- 
tuent e.m.f.'s.  or  "drops."  From  the 
standpoint  of  physical  significance, 
the  second  appears  preferable,  e- 
cially  in  view  of  the  convention 
which  makes  power  equal  to  the 
product  of  an  e.m.f.,  a  current  and 
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the  cosine  of  the  included  angle; 
hence,  generator  power,  or  output, 
or  positive  power,  always  has  an 
acute  included  angle,  while  motor 
power,  or  input,  or  negative  output, 
must  have  the  included  angle  ob- 
tuse, as  will  he  evident  from  the 
original  Fig.  Si 3  (a),  if  the  direc- 
tion of  motor  e.m.f  is  reversed. 
813  ui)  is  practically  identi- 
cal with  the  last  combination  men- 
tioned in  the  question  (i.e..  that 
for  leading  power-factor  with  re- 
spect to  the  line)  with  the  arrows 
reversed  for  all  but  line  e.m.f. 

N.S. 

814— Pumping  by  Electric  Motors 
— a — With  2  200  volt  alternating 
current  three-phase,  60  cycle 
power  available,  what  would  you 
consider  the  most  efficient  appa- 
ratus to  pump  water  from  wells 
of  a  depth  and  possible  lift  to 
the  surface  of  from  80  to  120  feet 
with  about  80  inches  of  water 
available  from  each  well?  b — 
What  would  be  the  best  appa- 
ratus for  pumping  water  against 
a  head  of  300  feet  with  units  of 
about  250  hp  each  and  load  fac- 
tors varying  from  100  to  50  per- 
cent at  different  times  of  the 
year?  a.l.s. 

a — A  vertical  type  of  centrifu- 
gal pump  is  the  logical  one  to  use. 
It  is  assumed  that  the  80  in.  re- 
ferred to  in  the  question  means 
miner's  inches,  which  would  make 
the  capacity  about  895  gallons  per 
minute.  This  would  require  a  six 
inch  vertical  pump  and  it  would  be 
reasonable  to  expect  an  efficiency 
of  65  to  70  percent.  It  will  be  ap- 
preciated that  with  this  capacity  it 
would  be  impracticable  to  figure 
on  a  deep  well  type  of  pump,  b — 
The  capacity  is  not  mentioned  but 
the  head  is  given  as  300  feet  and 
250  hp  is  mentioned  as  the  amount 
power  available.  With  the  load 
factor  varying  from  100  to  50  per- 
cent at  different  times  of  the  year, 
it  would  be  desirable  to  use  a  tri- 
plex power  pump.  Assuming  an  ef- 
ficiency of  75  percent,  which  is 
nservative,  the  capacity  would 
be  in  the  neighborhood  of  2500 
gallons  per  minute.  e.c.w. 


815 — Relative  Merits  of  Prime 
Movers — a — On  California  oil 
(gravity  from  16  to  18  Beaume 
and  approximately  18000  b.t.u.) 
with  pumped  water  available  in 
moderate  quantities  and  labor  for 
operating  at  about  $80.00  per 
month  what  will  be  the  relative 
merits  of  a  first  class  steam  tur- 
bine installation  for  delivering 
to  the  switchboard  2  200  volt, 
three-phase  power  in  quantity  of 
880  kw,  maximum,  for  85  percent 
load  factor,  and  an  oil  engine 
for  the  same  service?  b — What 
should  be  the  depreciation  of 
each  if  properly  handled?      a.l.s. 

a — It  is  somewhat  difficult  to 
answer  this  question,  as  the  price 
of  oil  is  not  given.  We  do  not 
know  of  more  than  one  case  in 
which  crude  oil  engines  of  the 
semi-Diesel  type  are  using  Cali- 
fornia oil,  which,  due  to  its  asphal- 
tic  base,  offers  considerably  more 
difficulties  than  the  eastern  oils. 
However,  if  the  engine  builders 
can  guarantee  satisfactory  opera- 
tion, it  is  probable  that  with  oil 
costing  more  than  85c  a  barrel,  or 
2c  a  gallon,  it  would  pay  to  install 
crude  oil  engines  rather  than  a  tur- 
bine plant.  The  question  of  addi- 
tions to  the  plant  in  the  future 
might  have  considerable  bearing  on 
this,  and  we  would  suggest  that  the 
question  be  referred  to  the  com- 
mercial representatives  of  some  en- 
gine manufacturer,  or  a  consulting 
engineer  familiar  with  the  sub- 
ject, who  can  figure  this  proposi- 
tion in  detail.  It  might  not  be  out 
of  place  to  mention  that  in  figur- 
ing the  cost  of  power  from  crude 
oil  engines,  it  is  always  necessary 
to  consider  the  difference  in  lubri- 
cating cost.  In  the  turbine  plant 
this  is  practically  negligible,  but 
in  a  crude  oil  plant,  figures  indi- 
cate it  to  be  about  20  percent  of 
the  cost  for  fuel,  b — -The  deprecia- 
tion factor  for  the  two  plants  com- 
plete, would  probably  be  about 
the  same.  A  close  approximation 
would  be  8  percent  per  annum  for 
the  turbine  plant  and  9  percent  for 
the  oil  engine  plant.  h.a.r. 
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ticeship  course ;    [907-  to,  p  iv«  1  1 
partment ;    lot  1    to  date,  commi  1 
engineer,    industrial    and  po> 
partment. 

Q.  A.   Brackj  rr   (I  larvard   Univ., 
tnd  '1  '7  )  ;  with  the  \\  1  -•<  rn  I 
trie    Company,    New    York    City,    for 
about   one  year  in   development  labo- 
ratory ;     [908     to      toto     in     win 

graph  ami  telephone  work,  first 
with  Dr.  Lee  de  Forest  and  later 
with  Mr.  I\  Lowenstein,  as  laboratory 
engineer,  factory  superintendent,  and 
sales  manager,  during  which  time 
the  so-called  Moscicki  electric  con- 
denser and  "quenched-spark"  system, 
which  is  now  fast  displacing  prac- 
tically  all   other   systems,    were   devel- 

■  iped  ;  became  ci  mnected  with  I 
trie  Company,  fall  of  [910,  first  on 
circuit  breaker  work  and  more  re- 
cently  on  rectifiers  and  lightning  ar- 
resters in  the  detail  and  supply  engi- 
neering department,  having  recently 
taken  charge  of  this  work. 

X.  S.  Braden,  received  training  in 

a  western  college  and  was  for  li\i 
years  attached  to  the  Cleveland  dis- 
trict office  of  the  Electric  Company 
as   salesman   and   manager;    for   the 

nine  year-  -  of  the 

Canadian  Westinghouse  Company, 
Ltd.,    I  tamilton,  <  mtario. 

A.  W.   Brown    (Municipal   School 
of     Tech..     Mancl  England  >. 

whose  father  was  in  Great  Britain 
for   the   W<  stinghi  »use   inl  en- 

1  the  works  of  the  British 
Westinghous  I  mpany  in  too2  as 
an     apprentice;     entered  ical 

engineering     department     as     as- 
ant   on    resistance   design,  then   con- 
troller     design,      including      railway. 
automatic,    and    finally    large    liquid 
controllers    and     r  having 

charge    of    the    latter;    in     1907 
transferred  to  the  general  enpin< 

ing  department    a-  nt    engifl 

•n  mining  ami  rollinp  mill  work;  in 
irted  and  carried  through  its 
-    the    first    electric    main 
shaft  winding  engine  in   Creat   Brit- 
ain; early  in  1910  was  sent  to  South 
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Africa  to  take  care  of  the  installa- 
tion of  the  first  of  the  large  electric 
winding  engines  installed  there,  re- 
turning to  the  works  late  in  191 1  to 
resume  previous  duties. 

D.  S.  Brown  (Purdue  Univ.,  '04), 
spent  one  year  testing  locomotives  as 
assistant  engineer  on  a  dynamometer 
car  operated  by  the  International 
Correspondence  School ;  one  year  as 
draftsman  with  the  Latrobe  Steel 
and  Coupler  Company,  Chicago ;  one 
year  chief  draftsman  with  the  Day- 
ton Hydraulic  Machinery  Company, 
Dayton,  Ohio ;  two  years  sales  man- 
ager for  the  same  company;  one  year 
in  the  Pittsburgh  district  sales  office, 
Electric  Company ;  one  year  in  the 
industrial  and  power  sales  depart- 
ment's central  station  campaign 
work;  one  year  directing  travelers' 
system. 

♦Harold  W.  Brown,  on  staff  of 
instructors  of  Sibley  College,  Cor- 
nell University;  formerly,  switch- 
board division,  engineering  depart- 
ment, Electric  Company. 

W.  H.  Bullock,  with  Electric 
Company  since  1904,  as  engineering 
apprentice  and  since  1906  as  sales- 
man,  Denver  district  office. 

*D.  E.  Carpenter,  industrial  and 
power  sales  department,  Electric 
Company. 

H.  F.  Chabwick  (Tufts  College, 
'00),  instructor  in  electrical  engineer- 
ing, Tufts  College,  one  year;  with 
Lorain  Steel  Company,  Johnstown, 
Pa.,  1901-2,  as  draftsman  and 
checker;  October,  1902,  to  date,  with 
Electric  Company  at  East  Pittsburgh, 
holding  position  of  draftsman, 
checker,  assistant  foreman  of  stand- 
ard section,  assistant  chief  draftsman 
and  standard  engineer.  Mr.  Chad- 
wick  has  been  identified  with  the 
American  School  of  Correspondence, 
first  as  special  instructor  and  writer, 
and  since  1902,  as  a  member  of  the 
advisory  board.  In  1903  he  organ- 
ized the  Casino  Technical  Night 
School  and  was  its  first  president; 
the  degree  of  Master  of  Science  was 
conferred  by  Tufts,  June,  1911. 

A.  G.  Chapin-  (Harvard  Univ., 
'03).  with  Electric  Company  since 
graduation ;  apprentice  course,  1903- 
-  :  four  years  in  the  direct-current 
?ales  correspondence  department, 
and  later  in  the  railway  and  lighting 
sales    department;     for    four    years, 


salesman,  railway  and  lighting  divis- 
ion, Boston  district  office. 

*C.  E.  Clewell,  instructor,  Shef- 
field Scientific  School,  Yale  Univer- 
sity; formerly,  lighting  division,  de- 
tail and  supply  sales  department, 
Electric  Company. 

A.  B.  Cole  (Purdue  Univ.,  '09)  ; 
while  at  college  took  an  apprentice- 
ship course  in  interurban  shop  prac- 
tice with  the  Grand  Rapids,  Grand 
Haven  and  Muskegon  Railway, 
Fruitport,  Mich. ;  with  Electric  Com- 
pany since  graduation ;  apprentice- 
ship course,  one  and  a  half  years; 
one  year  in  railway  equipment  sales 
department;  since  191 1,  department 
of  publicity  on  railway  publicity 
work. 

*A.  W.  Copley,  detail  and  supply 
engineering  department,  Electric 
Company. 

P.  L.  Crittenden  (Mass.  Inst,  of 
Tech.),  one  year  with  Armour  & 
Company,  Chicago ;  two  years  with 
American  Telephone  &  Telegraph 
Company;  two  years  with  the  Hud- 
son River  Telegraph  Company  as 
agent,  trouble  man  and  wire  chief ; 
nine  years  with  The  Westinghouse 
Air  Brake  Company  as  electrical  in- 
spector and  electrical  engineer. 

J.  L.  Crouse,  connected  with  Flint. 
Walling  and  Company,  Kendallville, 
Ind.,  in  erection  department  for  five 
years;  for  three  years  with  Monitor 
Manufacturing  Company,  Auburn, 
Ind.,  as  general  sales  agent;  with 
Electric  Company  since  1893  in  the 
following  capacities,  testing  and  in- 
spection department  for  five  years ; 
special  railway  work  in  New  York 
City  for  seven  years ;  special  single- 
phase  railway  work  two  and  a  half 
years ;  on  New  Haven  electrification 
for  one  and  a  half  years;  connected 
with  railway  engineering  department 
for  the  past  three  and  a  half  years. 

*W.  A.  Dick,  power  division,  engi- 
neering department,  Electric  Com- 
pany. 

*C.  R.  Dooley,  president,  Casino 
Technical  Night  School ;  secretary, 
educational  committee,  Electric  Com- 
pany. 

*C.  W.  Drake,  commercial  engi- 
neer, industrial  and  power  sales  de- 
partment, Electric  Company. 

*E.  D.  Dreyfus,  West  Penn  Trac- 
tion and  Water  Power  Company. 

*W.  K.  Dunlap,  assistant  to  first 
vice-president,  Electric  Company. 
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Gano  I"  wn,  as  a  telegraph  oper- 
ator in  night  service,  supported  him- 
self while  studying  1  degrei 

the     College     of     the     City     of     New 

■n  which  institution  he 
graduated  in  1889,  and  also  while 
pursuing  his  electrical  engineering 
Studies    for    the    d<  I    electrical 

engineer  at  Columbia  University  in 
[891.  Here  he  came  in  touch  with 
Francis  B.  Crocker  and  Michael 
Pupin  and  other  electrical  pioneers, 
later  following  experimental  w 
with  the  Crocker-Wheeler  Company, 
where  he  rose  from  subordinate  t>. 
responsible  positions,  becoming  as- 
tnt  chief  engineer,  then  chief  en- 
gineer, vice-president  and  director. 
His  duties  made  him  responsible  for 
the  design  of  both  direct  and  alter- 
nating-current apparatus,  and  an  ex- 
perienced engineer  in  industrial  an  1 
commercial  applications  of  electric 
power.  His  first  alma  mater  gave 
him  the  honorary  degree  of  Master 
of  Science  in  1897.  Under  his  direct 
general  supervision  such  problems 
as  the  development  of  the  three 
4000  kw  gas  engine  driven  alter- 
nators for  the  California  Gas  and 
Electric  Corporation,  a  system  for 
operating  heavy-duty,  two-high  re- 
versing roll  trains  for  steel  mills,  the 
generator  equipment  of  the  drain. 
canal  hydroelectric  plant  of  the  city 
of  Chicago,  and  the  design  of  vari- 
ous special  machinery  for  the  manu- 
facture of  electric  apparatus,  were 
solved.  As  an  executive  officer,  Mr 
Dunn  developed  administrative  qual- 
ities of  the  highest  order,  and  fre- 
quently took  personal  charge,  in  the 
combined  capacity  of  engineer  and 
salesman,  of  negotiating  for  large 
contracts  such  as  the  preceding.  1 f 
has  been  a  manager  of  the  A.  I.  E. 
E.  (1897-02);  a  vice-president  (1900 
and  1905),  and  president  (1911-12). 
He  has  also  been  a  member  of  the 
committees  on  Constitutional  Revis- 
ion. High-Tension  Transmission,  Ed- 
iting, and  Building,  as  well  as  a  rep- 
resentative of  the  Institute  on  the 
Board  of  Trustees  of  the  United 
Engineering  Society,  of  which  he 
was  vice-president  during  'n  and  '!_'. 
He  has  also  been  on  the  Interna- 
tional Electrotechnical  Commission, 
and  the  Power  Transmission  Com- 
mittee of  the  N.  E.  L.  A.  In  No- 
vember, 191 1.  Mr.  Dunn  was  elected 
a     director,     and     vice-president     in 


charge  of  engineering  and  construc- 
tion,  of  .1.    <  <■   White  and   «  om| 

since  which  time  he  has  been  1 
cerned    with    hydroelectri  lop- 

ments,    central    lighting    and    ]> 

<>ns,  ch-ctric   and    Steam   raiiv. 
and   public   utilities  and   mi  \  ii 

R.    W.    Eaton     <  Mass.    Inst. 
r<    h.),  raduation  spent  a  • 

and  a  half  at   th<  Pittsburgh 

w>rks  of  the  Electric  Company, 
ing  from  there  to  Boston  on 
struction  work;  left  the  construction 
department  after  a  year  and  a  half 
and  for  the  past  five  years  has  been 
connected  with  the  sales  department 
of  the  Boston  district  office,  with 
headquarters    at    present    at    N 

Haven,   Conn.,   specializing   on   steam 
railroad  and  street  railway  work. 

A.  D.  Fish ei  <  I  !ase  School  1  if  Ap- 
plied Science,  '071,  engineering  ap- 
prenticeship   course,    Electric    1 

pany;  at  present  in  charge  of  trans 
former    division,    detail    and     supply 
s  department. 

*S.  A.  Fletcher,  central  station 
division,  industrial  and  power  sales 
department,   Klectric   Company. 

*1 1.  11.  I .  \11.1  in  k.  in  chai 
perimental   testing  department,   Elec- 
tric Company. 

C.  B.  Gibson  (Univ.  of  Minn.,  '05). 
on  experimental  research  work,  Elec- 
tric Company,  one  and  a  half  years; 
designing  engineer,  three  years;  in- 
dustrial and  power  sales  department, 
three  years,  in  steel  mill  work  cov- 
ering electro-chemical,  electro-metal- 
lurgical, electric  furnace  and  electric 
welding  applications. 

John  F.  Gilchrist,  with  Common- 
wealth   Edison    Company,    Chic 
president,     National     Electric     Light 
Association,   1911-12. 

L.  F.  Grant  (Case  School  of  Ap- 
plied Science,  '04),  entered  the  ap- 
prenticeship course  of  the  Electric 
Company  in  July,  1905;  '"  Novem- 
ber, 1905,  became  connected  with  the 
Cleveland  district  office,  since  which 
time  he  has  been  engaged  in  sales 
work,  specializing  on  electric  motor 
applications  for  ore  and  coal  hand- 
ling machinery. 

*G.  W.  Hamilton,  general  engi- 
neer on  mining  work,  engineering  de- 
partment. Electric  Company. 

F.  C.  Hanker  (Purdue  Univ.,  '02), 
has  been  connected  with  the  Electric 
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Company  since  graduation,  for  eight 

years  in  the  engineering  department 

and  for  the  last  three  years  in  charge 

engineering     work     on     United 

-    government  contracts. 

P.  N.  Harrison  received  his  elec- 
trical training  at  the  Carnegie  Insti- 
tute of  Technology,  and  at  the  works 
>^i  the  Electric  Company;  now  con- 
nected with  the  industrial  and  power 
sales  department  of  the  Seattle  dis- 
trict office,  where  his  work  has  been 
ely  on  the  application  of  motors 
in  the  various  industries,  and  on 
central  station  work. 

*R.  E.  Hellmund,  engineer-in- 
charge  of  direct  and  alternating- 
current  railway  motor  design,  engi- 
neering department,  Electric  Com- 
pany. 

E.  W.  Henderson  (School  of  Min- 
ing, Queen's  Univ..  Kingston,  Ont, 
'05)  spent  two  and  one-half  years 
with  the  Electric  Company,  first  as 
engineering  apprentice  and  later  in 
the  railway  engineering  department; 
appointed  lecturer  in  electrical  engi- 
neering, School  of  Mining,  Queen's 
University,  1907;  at  present,  assist- 
ant professor  in  electrical  engineer- 
ing.  School  of  Mining. 

*E.  M.  Herr,  president,  Electric 
Company. 

D.  C.  Hershbergkr  (Casino  Tech- 
nical Night  School,  '06;  also  one 
year  post-graduate  work),  switch- 
board inspector,  1006-9;  switchboard 
draftsman,  1909-11;  general  engi- 
neering department,   1911-12. 

*J.  M.  Hippie,  engineer-in-charge, 
industrial  engineering  department, 
Electric  Company. 

♦Francis  Hodgkinson,  engineer, 
turbine  department,  The  Westing- 
house  Machine  Companv  . 

G.  H.  F.  Holy  (West  Virginia 
Univ..  '01),  with  The  Westinghouse 
Machine  Company.  1899,  as  machin- 
ist's helper;  Electric  Company,  1899- 
01,  winding  electric  apparatus,  and 
1901-2.  drafting  department;  in 
drafting  department  of  Riter-Conley 
Manufactruing  Company,  1902-5; 
Electric  Company,  drafting  depart- 
ment, 1905-10.  railway  engineering 
department,  1910  to  date;  at  present 
in  charge  of  locomotive  design. 

*L.  Frederic  Howard,  chief  engi- 
neer, Union  Switch  &  Signal  Com- 
panv, Swissvale.  Pa. 

W.  P.  Hurley  (Purdue  Univ., 
'06),  after  graduation   was   with   the 


Philadelphia  Electric  Company;  two 
years  in  the  testing  and  engineering 
department  of  the  General  Electric 
Company ;  one  year  as  instructor  in 
the  electrical  department  of  the  Car- 
negie Technical  Schools ;  at  present 
in  the  detail  and  supply  sales  de- 
partment of  the  Electric  Company. 

H.  A.  Hussey  (Univ.  of  Califor- 
nia, '09)  entered  apprenticeship 
course  of  the  Electric  Company, 
1909.  and  during  the  following  two 
years  was  on  work  connected  with  the 
Pennsylvania  Railway  electrification 
at  New  York  City  for  a  period  of 
about  six  months;  during  1911-12 
was  connected  with  the  Westing- 
house  Lamp  Company  at  Bloomfield, 
N.  J.;  August,  1912,  entered  the 
railway  and  lighting  department  of 
the  Electric  Company,  now  being  lo- 
cated at  the  San  Francisco  district 
office. 

*R.  P.  Jackson,  engineer  on  high- 
tension  insulation,  research  engineer- 
ing department,  Electric  Company. 

*H.  D.  James,  assistant  to  manager 
of  engineering,  in  charge  of  general 
engineering  department,  Electric 
Company. 

W.  J.  Kyle,  in  the  early  oo's  left 
school  and  was  in  the  employ  of  the 
People's  Traction  Company  of  Phila- 
delphia, for  a  short  time  on  outside 
construction;  then  entered  the  employ 
of  the  Philadelphia  Edison  Company, 
reaching  the  position  of  chief  inspec- 
tor; with  the  Telephone  Companies 
testing  and  inspecting  underground 
cables  at  the  cable  factory  prior  to 
shipment ;  returned  to  central  station 
work  in  1903,  building  the  plant  of 
the  Baltimore  Electric  Power  Com- 
pany, Baltimore,  Md.,  and  also  the 
Delmarnia  Construction  Company's 
plant  at  Wilmington,  Del.,  which  is 
owned  and  operated  by  the  same  in- 
terests;  during  this  development 
work  he  became  interested  in  the 
question  of  power  rates  and  the  se- 
curing of  power  business,  and  gained 
considerable  commercial  experience 
during  this  period,  securing  a 
1 000  horse-power  central  station 
service  contract  with  the  Jackson  & 
Sharp  olant  at  Wilmington,  Del.,  at  a 
time  when  ICO  horse-power  on  central 
station  service  was  considered  a  larere 
contract;  later  became  connected  with 
the  sales  organization  of  the  Electric 
Company  at  Chicago,  in  the  capacity 
of  central  station  power  engineer;  at 
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present  with  H  M  Byllesb)  &  Com- 
pany in  connection  with  the  Minne- 
apolis General  Electric  Company, 
Minneapolis,  Minn. 

*M.  B.  Lambert,  in  charge  oi 
equipment  division,  railway  and 
lighting  sales  department,  Electric 
npany. 

*B.  G.  Lamms,  chief  engineer, 
Electric  Company;  chairman,  publi- 
cation    committee,     The     Electric 

JOURNA] 

A  C.  Lanier,  (Univ.  of  Tennessee; 
also  degree  of  M.E.E.,  graduate 
school  of  applied  science)  ;  testing 
department,  General  Electric  Com- 
pany; instructor  in  mechanical  engi- 
neering,   University    of    Tennes 

-•ant  professor  of  electrical  en- 
gineering, University  of  Cincinnati; 
designing  engineer,  Electric  Com- 
pany, and  at  present,  section  engin.  i  r 
on  direct-current  design,  industrial 
engineering  department. 

♦Charles  A.  Lauffbr,  Ml).,  med- 
ical director,  relief  department.  Elec- 
tric Company. 

*C  S.  LAWSON,  section  engineer  on 
design  of  large  capacity  indoor  and 
outdoor  types  of  self-cooled  trans- 
formers, transformer  engineering  de- 
partment, Electric  Company. 

*E.  E.  Lehr,  section  engineer  on 
design  of  feeder  voltage  regulators, 
industrial  engineering  department, 
Electric  Company. 

♦Bernard  Lester,  in  charge  of 
small  motor  division,  industrial  and 
power  sales  department,  Electric 
Company. 

*P.  M.  Lincoln,  general  engineer, 
Electric  Company;  member,  publica- 
tion committee,  The  Electric  Jotr- 

NAL. 

Geo.  M.  Ltttle.  (Case  School  Ap- 
plied Science,  '93),  worked  for  three 
months  after  graduation  for  J.  H. 
Cremer,  Cleveland,  Ohio,  on  ore 
analysis;  with  National  Carbon  Com- 
pany for  eleven  years  on  chemical 
and  engineering  work;  1905  to  date. 
Electric  Company  on  arc  lamp  and 
electrode  development  work. 

*H.  E.  Lokgwell,  consulting  engi- 
neer. The  Westinghouse  Machine 
Company. 

Harry  X.  Lucas.  (Ohio  State 
Univ.,  '06A.  entered  the  apprentice- 
ship course  of  the  Electric  Company. 
July,  1906;  erecting  engineer  on 
metallic  flame  arc  lamps.  1908-9; 
salesman  Philadelphia  district  office, 
roop  to  date. 


*'  I  S  I.',  ford.  Jr..  consulting  en- 
gineer, \\  Church  Kerr 
s  I    >mpanj . 

*    \\      M      M<  I   ".Alii   ,  .   1  •!.:•;.  ,  :    111- 

charge,  transform!  neering  de- 

partment, Electric  Company. 

♦HAROLD  Mc(  READY,  electrical  en- 
gineer, Union  Switch  &  Signal  Com- 
pany . 

C.  H.  McCuiXOUGH,  entered  the 
apprenticeship  course  of  the  Electric 
Company  in  January,  [809,  and  after 
being  connected  with  the  testing  de- 
partment took  up  work  in  the  cor- 
respondence, engineering  and  sales 
departments;  for  the  past  three 
year>.    Pittsburgh   district  ffice. 

Joseph    McKinley,    (Pennsylvania 
State    ("..liege,    '00),    was    with    the 
Electric      Company      from      An 
[Oil,    to    September,    1903,   in   appren- 

ship   w.rk  in   the  shops  and 
ing     departments;     with     the     Alle- 
gheny County  Light  Company,    I 
to   the   present   time,   selling    electric 
power,   and    in   industrial   engineering 
WOrkj   elected   president  of   the  Coun- 

ty  Lighl  Section.  N.  E.  L.  A.,  for 
the  year,  March,  1912,  to  March, 
1913. 

NORMAN  Macbeth,  formerly  illu- 
minating engineer  for  the  Welsbach 
Company,  and  later  for  the  Westing- 
house  Lamp  Company;  consulting  il- 
luminating engineer,  New  York  and 
Philadelphia;  since  Nov.  1st,  1912, 
editor,  Lighting  Journal,  New  Y..rk 
City. 

J.  N.  Mahoney,  with  Boston  & 
Revere  Electric  Lighting  &  Railway 
Company,  1889;  Electric  Stor 
Supply  Company,  Boston,  1800;  sub- 
sequently with  the  Electric  [ruminat- 
ing &  Power  Co.,  Long  Island  City. 
with  the  New  York  &  Queen's  Coun- 
ty Co.,  the  New  York  Brake  Co.,  the 
American  Electric  Brake  Co.,  and 
The  Westinghouse  Air  Brake  Co.. 
for  a  total  period  covering  fifteen 
years;  for  the  last  six  and  a  half 
years  with  the  Electric  Company,  in- 
cluding one  year  as  engineer  on  rail- 
way control  and  equipment  design. 
one  year  on  mining  locomotive  and 
electric  locomotive  design,  two  y< 
as  mechanical  engineer  on  railway 
and  industrial  controllers;  for  the 
two  years  engineer  on  circuit 
breaker  and  switching  apparatus  in 
the  switchboard  engineering  depart- 
ment; while  with  the  Electric  Com- 
pany also  acting  in  a  consulting  ca- 
pacity   for    The    Westinghouse    Air 
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Brake  Company  on  electro-magnetic 
and  electro-pneumatic  brake  appara- 
tus. 

H.  D.  MURDOCH,  after  graduation 
from  Cooperstown  Academy,  took 
up  special  engineering  work  at  Cor- 
nell University;  1891-2,  power  house 
and  car  equipment  work  with  Los 
Angeles  Electric  Railway  Company; 
apprenticeship  course,  Electric  Com- 
pany, 1892;  after  three  months  shop 
work,  entered  erection  department 
and  went  to  Brooklyn  to  superintend 
the  installation  of  power  house  and 
cars  for  the  Brooklyn  City  Railway 
Company ;  1894-8,  car  equipment  and 
power  house  work  in  Philadelphia, 
St.  Louis  and  Baltimore;  district  en- 
gineer, Pittsburgh  office,  Electric 
Company,  1898-1906;  superintendent 
of  Fifty-second  Street  shop  of 
Brooklyn  Rapid  Transit  Company, 
1906-7;  superintendent  of  the  In- 
dianapolis and  Lousville  Traction 
Company  for  four  years,  this  being 
the  pioneer  1  200  volt,  direct-current 
road  in  this  country ;  in  September, 
191 1,  accepted  position  with  the 
Electric  Company  to  superintend  the 
1  500  volt  direct-current  installation 
of  the  Piedmont  &  Northern  Lines 
in  North  and  South  Carolina. 

S.  S.  Neu,  (Columbia  Univ.,  '01), 
engineering  department  Crocker- 
Wheeler  Commpany,  1901-3;  in  elec- 
trical construction  business  in  New 
York  City,  1901-6;  Crocker-Wheeler 
Company  1906-9,  since  which  time  he 
has  been  connected  with  the  pub- 
licity department  of  the  Electric 
Company. 

*F.  D.  Newbury,  engineer-in- 
charge,  power  engineering  depart- 
ment, Electric  Company;  associate 
editor.  The  Electric  Journal 

E.  M.  Olix,  ( Purdue  Univ.,  '04), 
with  Electric  Company  since  Au- 
gust. 1894,  as  student  on  apprentice- 
ship course^  testing  department, 
chief  of  testing  department;  engi- 
neering department,  designing  induc- 
tion motors,  alternators  and  rotary 
converters;  road  engineer  for  four 
years  on  expert  trouble  work:  at 
present.  assistant  superintendent, 
head  of  testing  department. 

G.  D.  Ottaway.  after  receiving 
technical  education  at  Brighton  and 
Lincoln.  England.  Technical  Schools, 
«erved  apprenticeship  with  Ruston- 
Proctor  &  Company,  general  engi- 
neers.   Lincoln.    Eng.,    from    1895    to 


1 001  ;  mechanical  engineer  with  Brit- 
ish Westinghouse  Company  1901-3. 
on  foundation  and  structural  work; 
entered  service  of  the  Electric  Com- 
pany in  1903  as  draftsman  on  equip- 
ment of  plant,  and  layout  work; 
later  transferred  to  work  on  pur- 
chasing and  disposal  of  machinery. 

T.  J.  Pace,  has  been  connected 
with  the  Electric  Company  for  the 
past  twelve  years,  being  engaged  in 
lamp  sales  work;  at  present  in 
charge  of  the  lighting  division  of  the 
detail  and  supply  sales  department. 

C.  B.  Padon,  (James  Millikin 
Univ.,  '07),  while  serving  appren- 
ticeship as  machinist  and  tool  maker, 
1899-03,  took  preparatory  engineering 
course  with  International  Corre- 
spondence Schools;  instructor  in  ma- 
chine shop  practice,  James  Millikin 
University,  Decatur,  111.,  1905-6; 
with  Electric  Company  since  1906,  on 
apprenticeship  course,  1907-8;  on  in- 
stallation of  electrical  apparatus, 
Illinois  Steel  Company's  coke  plant, 
1908-9;  main  and  sub-station  installa- 
tion work  with  Sanitary  District  of 
Chicago,  1909;  the  last  three  years 
detail  and  supply  sales  department, 
Chicago  district  office,  specializing 
on  switchboard  sales  engineering. 

*W.  H.  Patterson,  in  charge  of 
resale  division,  industrial  and  power 
sales   department,   Electric  Company. 

W.  O.  Peale,  (Polytech.  Inst., 
'04,'  post  graduate,  '05),  appren- 
ticeship course,  General  Electric 
Company,  in  testing  and  engineering 
departments  1905-7;  assistant  to 
chief  engineer,  Simplex  Electric 
Heating  Company,  Cambridge,  Mass.. 
1907-8;  since  1908,  in  the  industrial 
engineering,  and  detail  and  supply 
engineering  departments,  and  at 
present  in  the  detail  and  supply  sales 
department  of  the  Electric  Company, 
on  electric  heating  apparatus. 

*T.  S.  Perkins,  engineer  in  charge 
detail  and  supplv  engineering  depart- 
ment. Electric  Company. 

F.  R.  Phillips,  subsequent  to 
private  instruction  in  mechanics, 
dynamics,  statics,  electro-chemistry, 
metallurgy  and  higher  mathematics, 
for  the  past  eighteen  years  has  been 
identified  with  street  railway  engi- 
neering work,  as  follows :  from  1894 
to  1903  with  the  Cleveland  City  Rail- 
way Company  in  various  depart- 
ments, including  the  transportation, 
power,    mechanical    and    engineering 
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departments,  being  appointed  ma 
mechanic  of  the  shops  in  i'*>3; 
April  i<xj4  to  June  v**j  with  the 
Cincinnati,  Newport  &  Covington 
Light  &  Traction  Company,  with  th<_- 
Michigan  L'nitc-d  Railways  Com- 
pany, as  chief  engineer;  with  the 
i  >hiu  Brass  Company  as  engineer  in 
charge  of  railway  developments; 
July,  1908,  to  December,  1909,  master 
mechanic  for  receivers  of  the  Cleve- 
land Railway  Company,  Cleveland, 
Ohio;  1909  to  date,  superintendent 
of  equipment,  Pittsburgh  Railways 
Company. 

*A.  G.  Popcke,  commercial  engi- 
neer, industrial  and  power  sales  de- 
partment,   Electric    Company. 

Harlan  A.  Pratt,  (Stevens  Inst, 
of  Tech.,  '04),  while  pursuing  his 
studies  at  Stevens  Institute  spent  the 
summer  vacation  in  the  employ  of 
the  Public  Service  Corporation  of 
New  Jersey,  in  their  various  depart- 
ments ;  then  went  to  the  Niles-Be- 
ment-Pond  Company  in  their  crane 
works  in  Philadelphia,  and  later  in 
their  Pratt  &  Whitney  shops,  Hart- 
ford, Conn. ;  since  December,  1904, 
with  the  Electric  Company,  as  sales 
engineer  in  the  New  York  district 
office,  at  present  in  charge  of  the  in- 
dustrial and  power  division  of  this 
office. 

Harry  C.  Pratt,  (Norwich  Uni., 
Northfield,  Vt.,  '07).  assistant  on  en- 
gineering corps,  Missouri  Pacific 
Railroad,  1907;  with  the  Vermont 
Marble  Company  from  February, 
1908,  to  date,  being  engaged  during 
1908-10  in  engineering  and  con- 
struction work;  during  1910-11  as 
superintendent  of  cutting  of  building 
marble,  and  from  191 1  to  date  as  as- 
sistant superintendent,  finishing  de- 
partment. 

D.  C.  Pultney.  after  completing  a 
four-year  apprenticeship  course  as  a 
mining  engineer  with  the  Summerlee 
Iron  and  Coal  Company,  moved  to 
the  city  of  Glasgow,  where  he  en- 
tered the  service  of  Wm.  Dixon. 
Limited.  Iron  Manufacturers,  taking 
up  blast  furnace  and  rolling  mill 
construction ;  later,  for  some  years 
with  the  Steel  Company  of  Scot- 
land: after  coming  to  America,  was 
employed  for  about  seventeen  years 
with  the  Carnegie  Steel  Company;  in 
1008  entered  the  service  of  the  Elec- 
tric   Company,   his   present    capacity 


being     safety     applian 
manager  of  works  department 

♦K.     C.     Randall,     eni  in 

charge    switchboard    divij 
neenng    department,    Electric    Com- 
pany. 

•E.  <'.  ki  in,  engineer  1  >n  d< 
distributing    transformers,    transfor- 
mer     division,     engineering     depart- 
ment, Electric  Company 

•A,      K.     RlCKARDS,     general     man 
ager,    Industrial     Engineering    Com- 
pany, Pittsburgh,  Pa. 

♦Charles  R.  Rikkk,  assistant  edi- 
tor, The  Klectric  Journal. 

H.  A.  Rogers,  has  been  connected 
with  the  Electric  Company  for  the 
past  seventeen  years  in  various  ca- 
pacities, more  recently  being  chief 
clerk  in  charge  of  the  time  and  pay 
rolls  division,  and  for  the  past  three 
years  superintendent  of  the  relief 
department. 

G.    W.    Roosa,     (Union    College), 
for    approximately    four    years    was 
connected  with   the   General   Electric 
Company  at  their  various   works   at 
Schenectady,     Lynn,    and     Pittsfield, 
where    he    worked    on    flame    carbon 
arc  lamps  in  the  engineering  depart- 
ment.    Previous  to  this,  he  was  con- 
nected   with   the   service   department 
of  the  Electric  Company  at  Buffalo, 
with    the   Niagara,    Lockport  &   On- 
tario Power  Company  on  60000  volt 
transformer    sub-station    work,    and 
with  the  International  Railway  Com- 
pany   of    Buffalo.      In    1910    he    re- 
turned to  Union  College  and  took  a 
post-graduate  course  under  the  per- 
sonal    direction    of     Dr.     Steinmetz, 
head  of  the  electrical  engineering  de- 
partment,   receiving    the    degree    of 
Master    of     Electrical     Engineering, 
June,    1910.      Since    February,    1912, 
he  has  been   connected  with   the  de- 
tail  and   supply  sales   department  of 
the  Electric  Company  as  commercial 
engineer. 

G.  B.  Rosenblatt,  (Columbia 
Univ.,  '02),  worked  for  the  Otis 
Elevator  Company  for  a  short  while 
on  research  work  covering  the  ap- 
plication of  alternating-current  mo- 
tors to  elevator  work,  and  about  six 
months  later,  entered  the  apprentice 
course  at  the  Electric  Company;  in 
1903  entered  the  transformer  engi- 
neering department;  made  a  tour  of 
the  West  investigating  high-tension 
transformer   troubles,   and   upon   his 
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return  to  Pittsburgh,  took  charge  of 
the  designing  of  small  distributing 
transformers  and  various  special 
transformers,  in  the  engineering  de- 
partment :  took  up  some  personal 
work  in  1005.  and  returned  in  1906  to 
take  charge  of  the  Butte  office, 
where  he  remained  until  early  in 
1912,  since  which  time  he  has  been 
following  mining  work  in  the  West- 
ern district  offices  of  the  Electric 
tnpany. 

E.  T>.  Kowk.  (Mass.  Inst,  of  Tech., 
'06).  since  graduation  has  served  one 
year  as  instructor  in  the  electrical 
dardizing  and  testing  laboratory 
at  ML  I.  T. ;  six  months  as  assistant 
to  the  superintendent  of  lines  and 
bonding.  Old  Colony  (Mass.)  Street 
Railway;  one  year  in  the  laboratory 
lie  Boston  Edison  Co.;  and  since 
that  date  with  the  Holophane  Co.,  in 
publicity  and  general  engineering 
work,  and  assistant  chief  engineer 
for  the  past  two  years.  Mr.  Rowe 
has  contributed  much  original  data 
to  the  cause  of  better  illumination 
during  the  past  several  years. 

H.  H.  Rudd,  (Trinity  College,  '01 ; 
Rensselaer  Polytech.  Inst.,  '03-4), 
with  Electric  Company,  1904  to  date; 
at  present  in  charge  of  large  power 
transformer  division,  railway  and 
lighting  sales   department. 

William  Schaake,  (Univ.  of 
Mich.,  '95),  was  for  four  years  after 
graduation  engaged  in  the  design  of 
electric  traveling  cranes ;  with  the 
General  Electric  Company  for  three 
and  a  half  years  on  design  of  rail- 
way equipment ;  engineer  on  railway 
equipment  with  the  British  Westing- 
house  Company  for  one  and  a  half 
years;  railway  project  work  Electric 
Company,  one  and  a  half  years; 
during  the  past  three  and  a  half 
years,  engineer  on  line  material  and 
trolleys. 

*H.  M.  Scheibe,  engineer  in  charge 
of  electric  fan  motor  design,  detail 
and  supply  department,  Electric 
Company. 

T.  M.  Schoepf,  (Rensselaer  Poly- 
tech. Inst.,  '98;  Johns  Hopkins  Univ., 
'99),  before  attending  college  was 
engaged  for  several  years  in  the  con- 
struction and  operation  of  electric 
railways;  entered  the  employ  of  the 
Electric  Company,  November,  1899, 
with  the  construction  and  engineer- 
ing    departments     until     September, 


1901,  when  he  was  transferred  to  the 
British  Westinghouse  Company; 
while  in  England  was  engaged  on 
electric  railway  and  general  engi- 
neering work;  in  May,  1907,  he  re- 
turned to  the  Electric  Company,  and 
has  since  been  connected  with  the 
engineering  department,  at  present 
being  in  the  general  engineering  di- 
vision. 

*Gko.  P.  Scholl,  consulting  engi- 
neer, Westinghouse  Lamp  Company, 
Bloomfield,  N.  J. 

L.  G.  Schumacher,  (Univ.  of  Illi- 
nois, '07),  with  the  Electric  Company 
since  graduation ;  for  the  past  three 
and  a  half  years  has  been  engaged  in 
commercial  engineering  in  the  indus- 
trial and  power  sales  department  at 
East  Pittsburgh,  on  mining  and  in- 
dustrial  locomotives. 

*Chas.  F.  Scott,  professor  of 
electrical  engineering,  Sheffield 
Scientific  School,  Yale  University; 
consulting  engineer,  Electric  Com- 
pany; associate  editor,  The  Electric 
Journal. 

*H.  D.  Shute,  acting  vice-presi- 
dent, Electric  Company. 

J.  J.  Sinclair,  (Stevens  Inst.,  '01), 
entered  the  apprenticeship  course  of 
the  Electric  Company  in  1901,  and 
was  transferred  to  the  railway  engi- 
neering department  the  latter  part  of 
the  same  year ;  in  February,  1904, 
went  to  New  York  on  construction, 
sales  and  engineering  work  in  con- 
nection with  the  railway  and  lighting 
division  of  the  New  York  office, 
where  he  is  now  located. 

*C.  E.  Skinner,  engineer-in- 
charge,  research  engineering  depart- 
ment, Electric  Company;  associate 
editor,  The  Electric  Journal. 

E.  M.  Smith.  Cleveland  district 
office,   Electric  Company. 

E.  W.  P.  Smith,  (Colorado  Col- 
lege, '08),  assistant  to  chief  engi- 
neer, West  Hayden  Townsite  Co., 
Denver,  Col.,  1908;  operator,  Pike's 
Peak  Hydro-electric  Company.  Mani- 
tou,  Colo.,  1909;  apprentice,  Electric 
Company,  first  in  shop  and  then  in 
the  railway  engineering  department, 
1909;  assistant  designer,  single- 
phase  motors,  and  mechanical  parts 
of  locomotives,  1909-12;  recently  be- 
came associated  with  Geo.  S.  Rider 
&  Company,  consulting  engineers, 
Cleveland,  Ohio,  1912. 

J.  E.  Snyder,  after  serving  an  ap- 
prenticeship    as     machinist     at     the 
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Pittsburgh  Locomotive  \\  .  and 
holding  various  subsequent  positions, 
w.i>  employed  l>y  The  Westinghouse 
Machine  Company,  and  has  been 
connected  with  this  compan)  in  the 
construction,  erection  and  testing 

ira  turbines  for  the  past  fifteen 
years;  at  present  has  rutin-  charge 
of  all  shop  work  in  connection  with 
the  manufacturing  and  testing  of 
;n  turbines  at  the  East  1'itts- 
burgh  works  of  the  company. 

*K.    R     5i      ■  1  k.   assistant    editor, 
l  in    Eli  1  rwc  Journal. 

♦Nicholas  Stahl,  commercial  en- 
gineer in  charm-  of  general  contract 

division,  railway  and  lighting  sales 
department,  Electric  Company. 

Charles   Proteus  Steinmetz,  was 

educated    at    the    Gymnasium     (high 
Mil)    and    then    University    Bres- 
lau,    where    he    studied    matnema 

and  astronomy,  then  physics  and 
chemistry,  and  finally  for  a  short 
time  medicine  and  national  economy. 
Involved  in  the  social  democratic 
agitation  against  the  government,  he 
escaped  to  Switzerland  in  1888,  and 
there  studied  mechanical  engineering 
at  the  Polytechnische  Zurich.  Upon 
coming  to  America  in  1889  he  found 
a  position  with  the  Osterheld  & 
Eickemeyer  Manufacturing  Com- 
pany, first  as  draftsman,  then  as  elec- 
trical engineer  and  designer,  and 
finally  on  research  work  in  charge  of 
the  Eickemeyer  laboratory.  With  the 
absorption  of  the  Eickemeyer  inter- 
ests by  the  General  Electric  Com- 
pany, Dr.  Steinmetz  joined  the  latter 
organization,  and  was  attached  to 
Mr.  H.  F.  Parshall's  calculating  de- 
partment in  Lynn,  Mass.  With  the 
transfer  of  the  Company's  headquar- 
ters to  Schenectady,  in  1894,  Dr. 
Steinmetz  organized  and  took  charge 
of  the  calculation  and  design  of  the 
Company's  apparatus,  and  of  the  re- 
search and  development  work.  Since 
1002  he  has  been  professor  of  elec- 
trical engineering  at  Union  Universi- 
ty, at  the  same  time  retaining  his 
connection  with  the  General  Electric 
Company  as  chief  consulting  engi- 
neer, and  about  three  years  ago 
again  entered  into  closer  relation 
with  this  Company  by  organizing  a 
consulting  engineering  department 
under  his  charge.  Dr.  Steinmetz  is 
the  author  of  many  important  publi- 


cations   and    art;.  Ii  j    on    the    funda- 
mentals    of     electrical  ring 
and     applied     physics     and     mathe- 
matics,    most     of     the     pap<  1  -     on 
electrical  subjects  being  published  in 
the    I  ransactions  of  the  A.   I .   I-..   I 
I  Le  has  also  published  a  numb<  1 
well  known  books,  including  .1 
ular  work  on  "Astronom)    and   .\l< 

■logy,"'    in    the    <  M  1  man    langU 

iirst   edition    1889.     His  mon 
books  are   on    theory   and 
applied     electrical     engineering      In 
[902  Dr.  Steinmetz  received  the  hon- 
orary   A.M.    degree    from    Harvard 
University,  and  in  1903  the  honorary 
Ph.D.  degree  from  Union  Univei 
Dr.  Steinmetz  is  a  past  president  of 
the  A.  1.  E.  E.,  honorar}  member  of 
the  X.   E.  L.  A.,   fellow  of  the  Am. 
Assoc,    for  the  Advancement    of 
ence,  member  of  the  American  Math- 
ematical Socien,  the  Quaternion 
ciety,  the  A.   S.   M.  E.,  Ethnolog 
Society,      Illuminating      Engineering 
Society,  and   the   Physical    Society. 
*C.  E.  Stephens,  general  engii, 
of  lighting  equipment   and  illumina- 
tion, general  engineering  departn 
Electric  Company. 

Lewis  Buckley  Sttllwell,  enter- 
ed Wesleyan  University,  Middletown, 
Conn.,  September,  1882,  remaining 
only  until  the  end  of  Sophomore  year, 
after  which  he  entered  Lehigh  Uni- 
versity and  completed  the  electrical 
engineering  course  in  1885.  In  the 
autumn  of  that  year  he  returned  to 
take  a  special  course  in  mechanical 
engineering,  but  becoming  seriouslv 
ill  left  the  college,  and  upon  his  re- 
covery, accepted  appointment"  as 
assistant  electrician  of  the  Electric 
Company  at  Pittsburgh.  Here  he  be- 
came associated  with  C.  B.  Shallen- 
berger,  William  Stanley  and  others, 
w-ho,  at  the  time,  were  doing  pioi 
alternating-current  work,  and  the 
next  four  years  were  devoted  to  de- 
velopments in  this  field.  In  1890  he 
became  chief  electrical  engineer  of 
the  Company,  and  in  1895  his  duties 
were  further  extended  to  include 
those  of  assistant  manager.  From 
1892  Mr.  Stillwell  gave  much  of  his 
time  to  the  development  of  the  plans 
for  the  utilization  of  the  power  at 
Niagara  Falls,  and.  following  the 
award  of  the  initial  contract  for  elec- 
tric generating  apparatus  to  the  Elec- 
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trio  Company  which  he  represented, 
assumed  immediate  charge  of  the 
-miction  and  installation  of  the 
:tric  plant.  In  March,  1897,  he 
severed  his  connection  with  the  com- 
pany and  was  appointed  electrical  di- 
rector of  the  Niagara  Falls  Power 
Company  and  the  Cataract  Construc- 
tion Company.  His  arrangements 
with  these  companies  were  not  ex- 
clusive, and  while  extending  and  op- 
erating the  plant  at  Niagara  he  acted 
as  consulting  engineer  for  various 
other  power  and  railway  projects, 
among  others  the  equipment  of  the 
elevated  lines  of  the  Manhattan  Rail- 
way Company  in  New  York.  Hav- 
ing completed  the  installation  of  the 
first  50000  horse-power  plant  at  Ni- 
agara in  September,  1900.  he  resigned 
his  position  with  the  Niagara  com- 
panies and  removed  to  New  York. 
He  was  then  appointed  electrical  di- 
rector of  the  Rapid  Transit  Subway 
Construction  Company,  thus  having 
in  charge  at  that  time  the  electrical 
equipment  of  both  elevated  railways 
and  the  subway  system  of  New  York 
City.  After  completing  the  equip- 
ment of  the  elevated  lines  and  the 
subway,  which  in  the  meantime  had 
been  extended  to  Brooklyn,  he  be- 
came consulting  engineer  to  the  Hud- 
son Companies,  in  charge  of  electric 
equipment  of  the  four  tunnels  con- 
structed between  Manhattan  Island 
and  New  Jersey.  He  was  a  member 
of  the  commission  formed  by  the 
Erie  Railroad  Company,  in  1905,  to 
report  upon  the  electrification  of  the 
suburban  zone  of  the  Erie  lines  in 
the  vicinity  of  New  York,  and  is  con- 
sulting engineer  to  the  United  Rail- 
ways &  Electric  Company  of  Balti- 
more, the  Lehigh  Navigation  Electric 
Company  and  other  important  corpo- 
rations. Mr.  Stillwell  has  received 
the  honorary  degrees  of  M.S.  from 
Lehigh  University  and  the  Sc.D.  de- 
eree  from  Wesleyan  University.  He 
is  a  past  president  of  the  A.  I.  E.  E.. 
member  of  the  American  Society  of 
Civil  Engineers,  the  British  I.  E.  E., 
the  Am.  Philosophical  Soc,  the  Brit- 
ish Society  of  Arts,  the  Am.  Assoc, 
for  the  Advancement  of  Science.  In 
the  electrical  field  Mr.  Stillwell  has 
taken  out  numerous  patents,  the 
more  important  of  these  relating  to 
the  regulation  of  potential  in  distri- 
bution   systems,    the    original    broad 


patents  covering  conductive  regula- 
tion having  been  issued  to  him  in 
1888,  the  localization  of  interruptions 
of  service  in  systems  of  distribution 
by  means  of  time  limit  circuit  break- 
ers, and  the  control  of  systems  of 
distribution  by  means  of  pilot  switch- 
boards. 

*W.  R.  Stinemetz,  commercial  en- 
gineer, railway  and  lighting  sales  de- 
partment, Electric  Company. 

*N.  W.  Storer,  general  railway  en- 
gineer, engineering  departemnt,  Elec- 
tric Company. 

*R.  W.  Stovel,  mechanical  en- 
gineer, Westinghouse,  Church,  Kerr 
&  Company. 

A.  F.  Strouse,  with  Industrial  en- 
gineering Company,  Pittsburgh,  Pa. 

♦Alexander  Taylor,  manager  of 
works,  Electric  Company. 

W.  E.  Thau  (Univ.  of  Cincinnati, 
'11),  joined  the  apprentice  course  of 
the  Electric  Company  after  gradua- 
tion and  is  now  located  in  the  indus- 
trial motor  application  section  of  the 
general  engineering  department. 

*W.  H.  Thompson,  engineer  in 
charge  of  electric  ozonizer  apparatus, 
detail  and  supply  engineering  depart- 
ment, Electric  Company. 

J.  M.  Tomb  has  been  connected 
with  the  Electric  Company  since 
1904;  on  the  apprenticeship  course 
until  June,  1907,  when  he  was  sent 
to  New  York  on  the  New  Haven 
electrification;  Oct.,  1908,  Garden 
City,  L.  I.,  to  conduct  tests  on  Penn- 
sylvania locomotives ;  returned  to 
East  Pittsburgh,  Dec,  1908,  and  was 
in  the  industrial  and  power  sales  de- 
partment until  Feb.,  1909;  since  that 
date,  sales  department,  Boston  dis- 
trict office. 

*M.  C.  Turpin,  in  charge  of  edi- 
torial division,  department  of  public- 
ity. Electric  Company. 

*J.  E.  Webster,  mechanical  engi- 
neer on  railway  locomotive  equip- 
ment, general  engineering  depart- 
ment, Electric  Company. 

*J.  W.  Welsh,  electrical  engineer, 
Pittsburgh   Railways  Company. 

*W.  B.  Wilkinson,  with  Mahon- 
ing &  Shenango  Railway  &  Light 
Company,  Youngstown,  Ohio;  for- 
merly connected  with  the  Pittsburgh 
district  office  of  the  Electric  Com- 
pany. 


CONTRIBUTORS  TO  THE  JOURNAL  FOR  1912    1127 


I       Wilson      (Carnegie 
Tech  .  '<  -  been  a  mnected  with 

the  Electric  Company  since  graduat- 
ing; at  present  in  the  industrial  en- 
gineering department,  in  development 
work  on  aut  imobile  starting  mol 
and  lighting  generators. 

E.  M  Wise,  after  serving  an  ap- 
prenticeship with  Electric  Company, 
was  with  British  Westinghouse  Com- 
pany at  Mancl  .  for  three 
the  past  six  years  has 
1  with  the  Pittsburgh  district 
1  tffice  as  salesman  in  the  1 
i<  m. 

W.     B.    Wreaks     (Stevens    [1 
Tech.,    "69);     [889-92,    with     United 

States  Electric  Light  Company,  New- 
ark. X.  J.;  1892-95,  engineering  de- 
partment, Electric  Company:  1895-00, 


•man    New    York    district    offi 

I'm;  man    Detl 

.  [909-11,  manager  I  letroit  offi 

January.     [912,    to    d.r 
Wr<  ilting   engi- 

neers,  Detroit,  Mich. 

*F.  E.  Wynne,  engineer  in  chai 
of  proji  il  engim 

ing  department,  Electric  Comp; 

J     I.    McK.  Vaki-i  1  v  (Univ.  1'cnna  , 

during     1904  conne     - 

with    the    Schenectady    shops    of    the 

era!   Electric  Company,  as  tester; 

.  6  and  7,  assistant  to  the  super* 

intendent     of     the     Ontario     Power 

Company    at    Niagara    Falls;    during 

1007-10  engineer  1  >n  tri  mble  and  • 

ing  work  for  the  Buffalo  office  of  the 

Electric  Company;  July,  1  date 

gning  engineer,   p<  <\\  1  r   engim 
ing  department,  Electric  Company. 


CONTRIBUTORS    TO    THE    JOURNAL 
QUESTION    BOX— 1912 

The  following  list  of  contributors  who  have  furnished  answers  to  in- 
quiries published  in  The  Journal  Question  Box  during  the  present  year, 
will  indicate  in  a  general  way  from  what  responsible  and  varied  sources 
this  information  is  obtained.  This  department  of  the  Journal  is  at  the 
disposal  of  its  subscribers  as  a  means  of  obtaining  advice  on  electrical  and 
mechanical  topics.  Except  where  specifically  stated,  the  contributors  are 
associated  with  the  Electric  Company. 


C.    B.    Auel,    director,    standards 
processes  and  materials. 

H.    L.    Barnholdt,    industrial    di- 
vision,  engineering   department. 

M.  W.  Bartness,  general  division, 
engineering  department. 

\.  P.  Bender,  railway  and  lighting 
sales  department. 

11.    \V.    Brown,    switchboard    di- 
vision, engineering  department. 

V  BRUNT,  industrial  division,  engi- 
neering department. 

G.  L.  Christman.  switchboard  di- 
vision, engineering  edpartment. 

V  P..  Cole,  editorial  division,  pub- 
licity department. 

C.  O.  Collett,  general  division,  en- 
gineering department. 

R.     W.     CoPELAND,     industrial     di- 
->n.  engineering  department. 

V  W.  Copley,  detail  and  supply  di- 
vision, engineering  department. 

W.  A.  Dick,  power  division,  engi- 
neering department. 


E.    D.    Dreyfus,   commercial    engi- 
neer, The  Westinghouse  Machine  Co. 
V   M.  Dudley,  industrial  division, 
engineering  department. 

S.  W.  Dudley,  assistant  chief  engi- 
neer,   The   Westinghouse    Air   Brake 
npany. 

B.  Dyer,  publicity  manager.  Na- 
tional Carbon  Companv,  Cleveland, 
O. 

L.  H.  Flanders,  engineer,  Electric 
•age    Battery     Co.,     Philadelphia, 

C.  FoRTESCUE,  transformer  di- 
vision, engineering:  department. 

G.  II.  Garcei.on,  industrial  di- 
vision, engineering  department. 

Dean  Harvey,  research  division, 
engineering  department. 

J.  M.  Hipple.  engineer  in  charge, 
industrial  division,  engineering  de- 
partment. 
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R.  P.  jACKSONj  research  division, 
engineering   department. 

11.  1  >.  James,  assistant  to  manager 
of  engineering,  in  charge  of  general 
division,  engineering  department. 

A.  T.  KasleYj  assistant  to  chief  en- 
gineer,   The    Westinghouse    Machine 

Co. 

B.  D.  KrxKiF.  industrial  division, 
engineering  department. 

B.  G.  Lam. Mi",  chief  engineer. 

A.  C.  Lanier,  industrial  division, 
engineering  department. 

E.  E.  Lehr.  industrial  division,  en- 
gineering department. 

P.  M.  Lincoln,  general  division, 
engineering  department. 

Paul  MacGahax.  detail  and  sup- 
ply division,  engineering  department. 

R.  A.  McCarty,  power  division,  en- 
gineering department. 

W.  M.  McConahey,  engineer  in 
charge,  transformer  division,  engi- 
neering department. 

T.  M.  Muir,  manager.  Metallurgical 
and  Chemical  Engineering,  New 
Y..rk  City. 

H.  C.  Nagle,  detail  and  supply  di- 
vision, engineering  department. 

F.  D.  Newbury,  engineer  in  charge, 
power  division,  engineering  depart- 
ment. 

R.  H.  Newton,  power  division,  en- 
gineering department. 

J.  F.  Peters,  transformer  division, 
engineering  department. 

W.  H.  Pollard,  industrial  division, 
engineering  department. 

G.  Pontecarvo,  industrial  division, 
engineering  department. 

H.  A.  Rapelye.  commercial  engi- 
neer, The  Westinghouse  Machine  Co. 

C.  Renshaw,  railway  division,  en- 
gineering department. 


F.  A.  Rew,  industrial  division,  en- 
gineering department. 

E.  E.  Rose,  detail  and  supply  di- 
\ivi"ii.  engineering  department. 

C.  H.  Sanderson,  switchboard  di- 
vison,  engineering  department. 

G.  J.  Schmidt,  industrial  division, 
engineering  department. 

C.  E.  Skinner,  engineer  in  charge, 
research  division,  engineering  depart- 
ment. 

H.  C.  Specht,  industrial  division, 
engineering  department. 

E.  R.  Spencer,  The  Electric  Jour- 
nal. 

N.  Stahl,  general  contract  di- 
vision, railway  and  lighting  sales  de- 
partment. 

C.  W.  Starker,  industrial  division, 
engineering  department. 

C.  E.  Stephens,  general  division, 
engineering  department. 

H.  R.  Stuart,  industrial  division, 
engineering  department. 

W.  Sykes,  general  division,  engi- 
neering department. 

R.  W.  Tassie,  general  division,  en- 
gineering department. 

H.  B.  Taylor,  detail  and  supply  di- 
vision,  engineering  department. 

F.  Thornton,  detail  and  supply  di- 
vision, engineering  department. 

A.  A.  Tirrill,  general  engineer,  de- 
tail and  supply  division,  engineering 
department. 

H.  C.  Walter,  industrial  division, 
engineering  department. 

E.  C.  Wayne,  the  Goulds  Manu- 
facturing Company,  Seneca  Falls, 
N.  Y. 

W.  S.  Woodward,  transformer  di- 
vision, engineering  department. 

J.  L.  McK.  Yardley,  power  di- 
vision, engineering  department. 
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PERSONALS 

Mr.  Chas.  A.  Hobein  has  resigned  as 
tperintendent  of  power  stations  for  the 
nited  Railways  Co.,  St.  Louis,  effective 
ov.  ist,  to  accept  a  position  as  elec- 
ical  and  mechanical  engineering  ad- 
jor  and  inspector  for  the  bond  house 
John  Nickerson,  Jr.,  St.  Louis. 


Mr.  J.  P.  Moore  lias  recently  become 
sociated  with  the  general  ring 

•partment  of  th<  Westinghouse  Elec- 
ic  v\  M  fg.  Company,  having  resigned 
om  lii s  recent  position  with  the  Wyan- 
>tte  Construction  Company,  Kansas 
ty,  Mo.  Mr.  Mo  ire  has  had  consider- 
ile  experience  with  a  number  of  com- 
mies during  the  last  several  years  in 
-Ttric  power  transmission  and  central 
ation  work. 


Mr.  C.  A.  Gross,  who  has  been  with 
e  Boston  office  of  the  Westinghouse 
lectric  &  Mfg.  Company,  specializing 
i  textile  work,  has  been  transferred  to 
e  Philadelphia  office. 


Mr.   J.    P.   Alexander  has  been  trans- 

rrrd   from  the  engineering  department 

the    Westinghouse    Electric    &    Mfg. 

tmpany  to  the  New  Haven  sales  office. 


Mr.  E.  W.  P.  Smith,  until  recently 
•nnected  with  the  railway  engineering 
•partment  of  th(  Westinghouse  Elec- 
ic  &  Mfg.  Company,  has  taken  a  posi- 
>n  with  George  S.  Rider  &  Co.,  con- 
ructing  engineers.  Cleveland,  Ohio, 
r.  Smith's  name  is  familiar  to  Jour- 
\L  readers  in  connection  with  the 
tides  on  "Single-phase  Commutator 
otors"  appearing  in  various  issues  of 
e  present  year. 


Mr.  A.  R.  Fairchild.  assistant  elec- 
cal  engineer  of  the  Washington 
ater  Power  Company,  has  resigned  to 
ke  up  similar  work  with  the  Tennes- 
e  Natural  Development  Company, 
•eenville,  Tenn. 


The  following  men  who  have  recently 
lished  the  engineering  apprentice 
urse  of  the  Electric  Company  at  East 
ttsburgh  have  been  transferred  to 
les  offices  as  given  below  :  Mr.  A.  L. 
iber.  T.  &  P.  dept..  Salt  Lake  City  of- 
e;  Mr.  C.  W.  Johnston.  Detroit  office: 
r.  C  .B.  Cushing,  Philadelphia  office: 
r.  H.  \V.  Brooks.  Denver  office:  Mr. 
.  C.  Vincent.  D.  &  S.  dept..  Philadel- 
u'a  office. 


Mr.  Leonard  Work,  until  recently  of 
the  Philadelphia  office  of  the  service  de- 
partment of  the  Westinghousi  I 
8  Mfg  Company,  is  now  foreman  in 
the  engineering  and  construction  de- 
partment of  the  Isthmian  Canal  Com- 
missii  >n.  with  headquarters  fi  >r  th 
ent  at  Pedro  Miguel,  C.  X. 


OBITU  \K'V. 


JOSEPH   LECONTE  DAVIS 

Whereas,  An  all-wise  Providence 
has  removed  from  our  midst,  our 
friend  and  fellow-worker,  Joseph  Le- 
conte  Davis; 

Be  It  Resolved,  That  it  is  our 
unanimous  desire  to  bear  witness 
hereby  to  his  many  good  qualities;  to 
his  kind  heart  and  cheery  disposition, 
which  made  friends  for  him  every- 
where; to  his  fearless  aggressiveness 
for  what  he  considered  right;  to  his 
ability,  which  won  for  him  a  high 
place  in  the  engineering  circles  of 
our  country;  to  his  genius,  which  led 
him  to  research  work  in  unknown 
fields,  and  resulted  in  developments 
which  will  be  a  benefit  to  the  world. 
We  sincerely  mourn  his  loss  as  a 
friend,  and  deplore  the  loss  the  world 
has  suffered,  in  being  deprived  of  his 
services. 

Be  It  Further  Resolved,  That  our 
sincere  sympathies,  with  copies  of 
these  resolutions,  be  extended  to  his 
bereaved  family. 

Pittsburgh,   Pa.    October  i,  1912. 
N.  W.  Storer,  J.  D.  Forrer, 

C.  B.  Auel,  M.  B.  Lambert, 

G.  M.  Eaton,  C.  Renshaw, 

Robert  L.  Wilson,  S.  M.  Kintner, 
Walter  V.  Turner,  L.  M.  Aspinwall, 

Committee. 


NEW  BOOKS 
"Transmission     Line    Construction" — 
A.  H.  Lundquist.   295  pages,  180  illus- 
trations.    Published    bytheMcGraw 
Hill   Book  Company.    Price  $3.00. 
This  book  treats  of  the  materials  of 
line   construction    and   methods   of   con- 
structing transmission  lines,  but  does  not 
take  up  the  problems  of  designing  trans- 
mission lines.    It  is  essentially  a  book  of 
practical    methods    treating    the    subject 
from   the   standpoint   of   a   construction 
man  rather  than  of  the  office  engineer. 
Considerable  attention  is  given  to  vari- 
ous types  of  pole  line  construction  and 
to  detail  cases.     The  final  chapter  is  de- 
voted to  the  organization  and  tools  for 
erecting  transmission  lines. 
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Tell  US  your 

Varnish 

Problems 


help  you  solve 
any  vexed 
question 
regarding 
your  needs 
of  Varnish 
or  Paint 
Specialties. 

We  are  better 

equipped  and 
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disposal 
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The 
Varnish  Co. 

FACTORIES:  Cleveland, 0.  Toronto,  Can. 
BRANCHES:  New  York.  Chicago.  London 


NEW  BOOKS 

"\\  ireless  Telegraphy  and  \\  ireless 
Telephony" — Charles  C.  Ashley  and 
Charles  B.  Hayward.  141  pages.  Il- 
lustrated. Published  by  American 
School  of  Correspondence,  Chicago, 
111.     Price,  $1.00. 

This  book  is  of  the  same  general  type 
and  arrangement  as  previous  text-books 
issued  by  this  school.  It  gives  the  his- 
torical developments  of  wireless  meth- 
ods and  explains  in  an  elementary  man- 
ner the  various  schemes  of  signaling 
which  have  been  developed.  No  attempt 
is  made  to  describe  commercial  forms 
of  apparatus,  but  many  diagrams  of 
connections  are  included,  with  explana- 
tions describing  the  principles  involved. 
To  the  non-technical  stuednt  this  book 
should  prove  to  be  a  good  means  of  se- 
curing general  information  regarding 
wireless  telephony  and  telegraphy. 


"Elements  of  Drawing" — G.  F.  Blessing 
and  L.  A.  Darling.     193  pages,  152  il- 
lustrations.   Published  by  John  Wiley 
&  Sons,  New  York  City.    Price,  $1.50. 
This   is  an  elementary  text-book   for 
beginners  and  is  based  on  the  drawing 
courses  used  at  Sibley  College,  Cornell 
University.    It  is  intended  as  a  compan- 
ion volume  to  the  author's  "Elements  of 
Descriptive     Geometry." 

WANTED. 
Young  man  with  good  technical  train- 
ing, preferably  with  some  engineering 
experience,  as  Assistant  Editor  on  a 
prominent  Electrical  Periodical.  Initia- 
tive, originality  and  agreeable  personal- 
ity essential.  Address,  No.  556  Care 
The  Electric  Journal,  Pittsburgh,  Pa. 

WANTED. 
Two    second-hand   75    kilowatt,   220 
volt,  375-425  r.p.m.  direct-current  gen- 
erators.    The    Loew    Mfg.    Company, 
Cleveland,  Ohio. 

WANTED. 
Technically  educated  young  men 
for  our  dynamo  and  transformer  test- 
ing departments.  Good  wages  and 
opportunities  for  college  graduates. 
Apply  at  Employment  Department, 
Westinghouse  Electric  &  Mfg.  Co., 
East  Pittsburgh,  Pa. 

FOR  SALE. 

Aylmer-Small's  Electric  Rail- 
roading    $2.00 

A.  I.  E.  E.  Catalogue  of  Wheeler 
Gift   (2   vols.) 7.00 

Anthony's  Theory  of  Electrical 
Measurements    50 
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MARCH 31-45  220-237  {fill?!!  529"534 

APRIL           45-53  238-248  407-425  535-542 

MAY     '                                   54-79  249-263  426-438  543-549 

mine                           •     •      80-95  264-270  439-455  550-568 

JULY                                    96-114  271-282  456-467  569-590 

AUGUST    '        .     .     .     .115-137  283-295  468-477  591-607 

SEPTEMBER             .       138-149  296-312  478-485  608-617 

OCTOBER                   '      .150-160  313-317  486-494  618-630 

NOVEMBER    '                 .161-178  318-331  495-506  631-654 

DECEMBER '..'.      179-186  332-355  507-519  655-689 


1912 
690-700 
701-713 

714-723 

724-736 
737-741 
742-752 
753-761 
762-766 
767-777 
77S-789 
790-795 
796-815 


MECHANICAL  ENGINEERING 


General 

Prim©   Movers    for   Central   Stations 

!•;. i w  In    i  >.    I  ii'i-yfus.      i .   •  •■    >ni       i 
ana  oil  englm  pi 

team  engines,  steam  turbl 
Cor   convei    Ion     il     I 
power;  pment     C-8,  W- 

Vol.    IV   p.   50,   Jan.,  '12. 

influence  of  Prime  Mover  Charac- 
teristics on  Power  Station  Economy 
— J.  R.  Blbbins.  C-7,  W-2200.  Vol. 
III.   p.    566.   Oct.   '06. 

Question  Box — SI 5. 

High-Speed  Steel  Tools — E.  R.  Nor- 
rls.  T-2.  [-2,  W-4  250.  Vol.  IV,  p. 
246,  May,  '07. 

(E)  C.  B.  Auel.     W-72.".  p.  241. 

(E)  E.  R.  Norrls.  W-250.  Vol.  IV. 
p.   303,  June.  '07. 

Oxy-Acetylene  Welding — C.  B.  Auel. 
Equipment  required  and  details  re- 
garding its  operation.  Costs.  (See 
"Production  or  Oxygen,"  p.  528,  Sept., 
•09).     C-l,     D-2.     1-15.     W-5500.       Vol. 

VI,  p.   453,    Aug.,   '09. 

(E)     C.     B.     Auel.     W-450,     p.     515. 

Production  of  Oxygen — Cecil  Eight- 
foot.  Description  and  data  of  pro- 
cess and  apparatus  for  liquefaction 
of  gases  and  mechanical  separation 
of  gaseous  mixtures.  (See  p.  453, 
Aug.,  '09).  T-l.  C-l.  1-3,  W-2575. 
Vol.  VI.  p.  52S.  Sept.,  '09. 

(E)   C.   E.   Skinner.      W-400,   p.   449. 
(Note  correction,  p.  640,  Oct..  '09.) 

Tests  of  Large  Shaft  Bearings — 
Albert  Kingsbury.  T-l,  C-2,  D-l,  1-1. 
W-950.     Vol.   III.   p.   464.   Aug.,  '06. 

Question  Box — 104,   388.   508. 

Lubrication  of  Bearings — A.  M. 
liattlce.  \v-2ioo.  Vol.  ill.  p.  323. 
June.  '06. 

Melville  and  Macalpine  Reduction 
Gear — Details  of  construction  and  re- 
sults of  tests.    D-l.   1-5,  W-1000.    Vol. 

VII.  p.  26.  Jan.,  '10. 

(E)   Chas.   F.   Scott.     W-800.  p.  11. 

Improvements  —  Reduction  Gear — 
H.  K.  Longwell.  Marine  turbine  type 
Installed  on  U.  S.  S.  'Neptune."  i-8. 
W-2425.      Vol.    TX.   p.   69.   Jan..  '12. 

Care  of  Machinery — G.  D.  Ott.iw.iy. 
Importance  of  proper  attention. 
Suggestions.  W-1275.  Vol.  IX,  p. 
6  19,    .July.    -12. 

Portland  Cement  and  Its  Uses — T. 
D.  Lynch.  Production.  Properties. 
W-550.     Vol.  VII.  p.  13.  Jan.,  '10. 

Question  Box — 294,    295. 

Determination  of  Pulley  and  Belt 
Sizes  (\  B.  Mills.  T-l.  1-1,  W-1725. 
Vol.   VTI.   p.    729.   Sept.,  '10. 

Question  Box — 181,  201,  263.  312, 
396.  46S,  546.  671,  690.  786.  792. 

Brakes 

History  of  the  Air  Brake — George 
Westinghouse.  Its  conception,  intro- 
duction and  development.  1-5,  W-3S25. 
Vol.   VIII.   p.   227.  Mar..  '11. 

Brakine  Electrically  Propelled  Ve- 
hicles— W.  V.  Turner.  Straight  air- 
brakes: automatic  equipment;  electro- 
pneumatic.      C-5.    W-6700.      Vol.    VIII. 

p.   905.  Oct.,  '11. 


Air  Brakcb  lor  Electrical  and  Steam 
Road  Service  -  s.  \\ .  Dudley  (HJ\  W- 
.: ,  00,   p.    i  8.      VoL   VIII,  Jan.,    1 1. 

Straight  Air  Brake,  Details  of  the 
— E.  li  Dew  on.  D-l,  1-6,  W-8800. 
Vol.    1.    D.   660,   I  ''<■  ,  'u  1. 

Straight  Air  Brake — Motor-Driven 
Type  Early      types.      1-1,      W-1600. 

VoL  I,  p.  497,  0 

Automatic  Air  Braking  for  Electrlo 
Railways  Stuarl  J.  Fuller.  1-4, 
W-2200.      Vol.    I,   p,    571,  Nov.  hi. 

Motor  Driven  Air  Compressors — P. 
]j.  Crittenden.  Ri  •  nl  ■;•  i  I  .|>inents 
for  el<  •  t  rlc  rail  w a y  app] lca.1  Ion,  I- 
10,   W-..I  j.'..      Vol   l  x.   p    860,  i  ><-i..  '12. 

Compressors  —  Motor-Driven  —  1C 
ll  Dewson.  [-6,  W-1500.  Vol.  II,  p. 
3ui,  May, 

Question  Bex      722. 

Triple  Valves — Plain  and  Qulok 
Action — E.  H.  Dewson.  1-7,  W-2000. 
Vol.    II,   p.    45,   Jan.,   '05. 

Question  Box — 253. 

Governors,  Automatic  Pressure — 
E.  ll.  Dewson.  I-:.,  W-2000.  Vol.  II, 
p.    1 1...  July,    " 

Transmission  Gear  of  an  Air  Brake 
Equipment — E.  II.  Dewson.  T-2,  D-l, 
W-1300.     Vol.   II,  p.   106,   Keb.,   '05. 

Foundation  Brake  Rigging- — E.  H. 
Dewson.  T-l,  D-6,  W-2800.  VoL  II, 
p.    158,   Mar.,   '05. 

Hydraulic        Absorption        Dynamo- 
meter—  I  tescrlptlon  of   6  000   hp  water 
I  .-•  8      p.      26,      Jan.,      '1U.)       1-8, 
W-1400.      Vol.    \  ll.   p.   120,  Feb.,  '10. 

(E)    H.  E.   Eongwell.      W-875,   p.   91. 

Friction    Brakes — Henry    D.    James. 
Features  essential   to  their  proper  de- 
sign        i  i      onstruction.      I--,    W-1650. 
VI,  p.  31,  Jan.,  '09. 

Friction  Brake,  Magnetically-Op- 
erated— H.  D.  James,  C-l,  D-l,  1-2, 
W-1500.      Vol.  V,  p.   267,  May,  '08. 

Self-Regulating  Friction  Brake — 
H.  M.  Schelbe.  A  modification  of 
prony  brake  to  maintain  constant 
load.  1-4,  W-550.  Vol.  IV,  p.  118. 
Feb.,  '07. 

Prony  Brake  for  Small  Motor* — C. 
R.  Dooley.  1-2,  W-350.  Vol.  Ill,  p. 
623.    Sept.,    '06. 

Improvement  on  Prony  Brake — E. 
W.  il.nderson.  1-1,  W-925.  Vol.  IX, 
p.   577,  June,  '12. 

Gas 

Pertinent  Features  Relating  to 
Gas  Power — Edwin  D.  Drevfus.  T-2. 
.'-::.  I  i-l,  1-3.  W-2500.  Vol.  VIII,  p. 
71,   Jan..   '11. 

Gas  Power  Plants — A.  M.  Qow. 
T-2,  W-3500.      Vol.   J.   p.   86.  Men.,  '04. 

Gas  Engines  In  Electric  Railway 
Service — J.  It.  Bil.bins.  T-3,  C-5.  I-S, 
W-2 Vol.    II.   p    l"..".-.   Nov.,  '05. 

Gas  Driven  Blowing  Plant — At 
Garv  Works,  Indiana  Steel  Co.  T-l, 
1-9,  W-4425.    Vol.  VI.  p.  134.  Mar..  'Of . 

<F:>    vV-775. 

Gas  Driven  Power  Station — J.  R. 
Blbbins.  60-Cycle  installation  at 
plant  of  Union  Switch  and  Signal 
Co.  T-l,  C-19.  1-2.  W-3450.  Vol.  VI. 
p.   94.   Feb..  '09. 
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Warren  Gas  Power  Plant — J.  R. 
Bibbins.  T-l.  C-4,  t-2,  W-1S00.  Vol. 
III.  p.  20."..  Apr.,  '06 

T-3.  C-2,  1-1,  W-2300.  Vol.  III.  p. 
441.  Aim..  '06. 

(E>  E.  H.  Sniffln.  "\V-600.  Vol.  Ill, 
p.   181. 

Shop  Testing:  of  Gas  Engines — E. 
K.  Arnold.  T-l.  C-l,  1-6,  W-1500. 
Vol.    I,  p.   522,   Oct..  '04. 

Points  In  Design  of  Large  Gaa 
Engines — C-4,  D-3,  I-'.'.  W2600.  Vol. 
V,   p.   250.   May.  '08. 

Qnestion   Box— 343.    3:>T.    6 

European  Gas  Engine  Practice — 
Rudolph       Wintzer.        W-1600.         Vol. 

III.  p.    642,   Nov..   '06. 
Improvements     In     Ignition — J.    R. 

Bibbins.      Method    of    changing    point 
of    Ignition.       C-3.    1-1,    W-800.      Vol. 

IV,  p.   156,  Mar..  '07. 

Ignition  Tube  Temperature — Effect 
on  Regulation — Leonard  Work.  W- 
450.     Vol.  V.  p.  54.  Jan..  '08. 

Question  Box — 70,  191.  192.  370, 
615,   715. 

Steam 

Superheated  Steam — Ultimate  Com- 
mercial Value — J.  R.  Bibbins.  T-7, 
C-5,  W-3200.    Vol.  III.,  p.  141,  Mar., '06. 

Steam  Power  Plant  Machinery — E. 
H.  Sniffln  (E).  W-475,  p.  11.  Vol. 
VIII,  Jan..   '11. 

Question  Box — 693,   716,   717. 

(10')    E.   H.    Sniffln.      p.    741. 
Jan.,  '10.     (See  E,  ''has.  P.  Scott,  p.  11.) 

Some  Steam  Turbine  Considerations 
— Edwin  D.  Dreyfus.  Rotative  speeds; 
operating  conditions;  efficiencies; 
comparative  tests  of  engines  and  tur- 
bines. T-2,  C-4,  D-l,  1-8,  W-3700. 
Vol.  VIII.  pp.  247  and  375,  Mar., 
April,  '11. 

(E)  W.  B.  Flanders,  p.  214,  Mar., 
■11. 

Developments  in  Steam  Turbine 
Engineering  —  Edwin  1  >.  Dreyfus. 
Sizes.  Service  considerations.  Per- 
formance for  driving  power-house 
auxiliaries.  Reduction  sear;  marine. 
and  other  applications.  T-l,  C-4,  I- 
31,  W-9800.  Vol.  IX,  pp.  292  and  394, 
Apr.  and  May,  'J 2. 

(E>  Francis  Hodgkinson.  W-325. 
p.   285,  Apr. 

Steam  Turbine — Francis  Hodgkin- 
son. Advantages;  steam  action; 
tests  under  various  conditions.  T-l, 
1-7.   W-3200.     Vol.    I,  p.   84,   Mch.,   '04. 

Steam  Turbines — J.  N.  Bailey. 
Fundamental  principles  and  rela- 
tions of  various  types.  C-4,  D-4,  1-1, 
W-3500.     Vol.  V,  p.  305,  June,  '08. 

(E)    E.  H.   Sniffin.      W-250,  p.   302. 

Steam  Turbines  for  Puture  Work- 
Edwin  D.  Dreyfus.  W-5500.  Vol. 
VIII.  p.  925,  Oct..  '11. 

(E)  Francis  Hodgkinson.  Turbine 
Design.      W-325,  p.   829. 

TurbineB  for  Electric  Stations  of 
Moderate  Size — Edwin  D.  Dreyfus. 
T-3,  C-4.  D-2,  1-14.  W-6950.  Vol. 
VIII.   p.   746,   Sept.,  '11. 

(E)    B.   EL   Sniffin.     P.   741. 

Double  Plow  Turbine — R.  N.  Ehr- 
hart.  Development  of  new  design. 
D-2,  1-1.  W-1450.  Vol.  V.  t>-  574,  Oct.. 
'08.    (See  E.,  p.  549.  by  B.  O.  Lamme.) 


Various  Phases  of  Low-Pressure 
Turbine  Work — Edwin  D.  Dreyfus. 
T-3,  C-5,  D-8,  1-11,  W-6300.  Vol. 
VIII,  p.  431,   May,  '11. 

(E)  H.  E.  Longwell.     p.  409. 

Low  Pressure  Turbines — P.  M.  Lin- 
coln.  Why,  when  and  how  to  use. 
C-l,  D-l,  W-6075.  Vol.  IX,  p.  78,  Jan.. 
"12. 

Low  Pressure  Exhaust  Steam  Tur- 
bines— J.  R.  Bibbins.  Use  of  ex- 
haust steam  from  reciprocating  en- 
gines and  resulting  total  efficiency. 
C-4,  D-l,  1-3,  W-3950.  Vol.  V,  p. 
707,  Dec,  'OS;  also  C-l,  W-S25.  Vol. 
IV,  p.  560,  Oct.,  '07. 

Low  Pressure  Type  Combined 
with  Steam  Engine — Edwin  D.  Drey- 
fus. Economy  effected  with  combined 
unit.  C-8,  1-1,  W-3625.  Vol.  VI,  p. 
597,  Oct.,  '09. 

(E)  Francis  Hodgkinson.  W-S00. 
p.   581. 

High  Speed  Steam  Turbine — Edwin 
D.  Dreyfus.  Effect  of  increased  speed 
on  mechanical  strength,  bearing  duty, 
blade  construction  and  economy.  T-l, 
1-6,  W-1500.  Vol.  VII,  p.  602,  Aug., 
•10. 

Marine  Steam  Turbine  with  New 
Reduction  Gear  —  George  Westing- 
house.  .  Discussion  of  problem  and 
solution.  W-3675.  Vol.  VII,  p.  17, 
Jan.,  '10.  (See  E,  Chas.  F.  Scott,  p. 
11.) 

Trial  Trip  of  Turbine  Driven  Ves- 
sel— J.  E.  Snyder.  Standardization 
and  endurance  trials  of  the  T7.  S. 
Naval  Collier  "Neptune."  1-5,  W- 
2825.      Vol.  IX,  p.  507,  June,  '12. 

Turbines,  Commercial  Testing  of 
Steam— A.  G.  Christie.  T-2,  D-l,  1-8, 
W-3200.     Vol.   I,  p.  387,  Aug.,  '04. 

High  Vacua  and  Superheat  In 
Steam  Turbines — J.  R.  Bibbins. 
Economy;  test  and  curves  from  Par- 
suns  turbine.  (E).  p.  193.  T-l,  C-5, 
\\'-l  400.    Vol.    1 1.   p.   151,   Mch.,  '05. 

Steam  Turbine  Situation — Edward 
H.  Sniffln.  W-900.  Vol.  Ill,  p.  21 
Jan.,   '06. 

Report  on  Economy  Tests  of  7500 
kw  turbo-generator  at  Waterside  Sta- 
tion, No.  2  of  New  York  Edison  Co. 
T-l,  1-1,  W-1200.  Vol.  IV,  p.  655. 
Nov.,  '07. 

Vanes,  Durability  of  Steam  Tur- 
bine— J.  R.  Bibbins.  1-4,  D-2,  W-800. 
Vol.  II,  p.  369,  June,  '05. 

Question  Box — 343.   358,   369,    485. 

The  Choice  of  a  Condenser — Fran- 
cis Hodgkinson.  Discussion  of  con- 
ditions to  be  met  and  features  of  de- 
sign, construction  and  operation 
bearing  upon  selection  of  equipment. 
T-l,  C-3,  1-24,  W-14000.  Vol.  VI,  pp. 
391,  476,  553,  618,  693,  July  to  Nov., 
'09.    inclusive. 

CE)  R.  A.  Smart.  W-750.  p.  385, 
Julv,  '09. 

The  Leblanc  Condenser — R.  N.  Ehr- 
hart.  Principle  of  operation.  T-l, 
D-2,  1-2,  W-1525.  Vol.  VII,  p.  526, 
July.  "10. 

Le  Blanc  Condensers  and  Air 
Pumps — J.  A.  McLay.  Relative  im- 
portance of  auxiliaries.  1-3,  W-1625. 
Vol.  VI,  p.  752,  Dec,  '09. 

Question  Box — 59,    600. 


GENERAL — Spech  ications  &  Statistics — Materials 


ELECTRICAL  ENGINEERING 

GENERAL 


Electrical  Machinery — Trend  of  De- 
velopment— b.  G.  Lunmt  (E).  \V- 
725.       V.. I      IX,    p.     1.    Jan  .    '12. 

Tendencies   In  Design   of   Electrical 
Machines      1 :       <;       Lam  me      (B).      W- 
p    i      Vol.   VIII,  Jan.,  'li. 

Improvement   in   Electrical    Product 
— II      1  ■ 
In  oost.     w-i.."     Vol.  ix.  p,  661,  Aug., 

Improvements  in  Detail  Apparatus, 
1911       T     S.    Pi  (E)  Vol. 

ix.   ;      15,   Jan.,  '12, 

Developments  in  Detail  Apparatus 
— T.  s  Perkins  (E).  W-1500,  p.  52. 
Vol.   vin.  Jan.,  "11. 


Electricity    in    Dovelopmont    of    the 
South         ■■■   ■:.'■•     »'.  -    tfnghouse.     w- 
.  1 1 1.   p    ::i  l.   Apr.,  '11. 
I.)      u    i  ....  p.   805. 
Solving-   New  Problem-      I '.    EL   Skin- 
nor    i  K  i.       N      •  ligation 

.Hid     rest  work    on     i  ommei  clal 

-  on   pari   of  manufacturers.     \v- 
p.   1 1.     Vol.  VIII,  Jan  .n. 
Application    of  Pure   Science   in  the 
Industries     Chas.    !■'.    Scott     (E).Work 
te  U.  S.  Bureau  "t"  Standards,    w. 

117;"..       Vol.    \  II  I.    p.    '•.';'.'.    Aul:.    '1  1. 

Electric      Industry      in      Germany — 
Waldemar    K<*  h.     T-l,    W-1826.      Vol. 

\  l.   p.    12,  .1  -'I.. 


SPECIFICATIONS  AND  STATISTICS 


Commercial  Research — ('.  E.  Skin- 
ner. I:;  »if  properties  of 
materials,  processes,  designs;  devel- 
opment of  new  apparatus;  critical 
study  of  existing  designs;  causes  of 
:  V  il.  V,  p.  1  v.. 
Apr.,   '08. 

(B)  Chaa    F.  Scott     W-G50,  p.  182. 

Science  and  Industry — L.  H.  Baeke- 
land  Presidential  address,  American 
Electrochemical  Society,  Pittsburg. 
May,   I'M".     \v-i: p.   532,  July,  '10. 

(E)  C    E    Skinner.     av-:;t:.,  p.  ."■"-. 

Standards  for  Electrical  Appara- 
tus— British,  American  and  German 
— J.  s  Peck.  T-S,  W-S25.  Vol.  v.  p. 
318.   June.   '08. 

iv   M.  Lincoln.     W-550,  p.  301. 

Question  Box — 1.".';.    f65. 


Standardization  in  Manufacturing — 
iir  An  industrial  ei 

pie.      '     •    "i    standard    book  ami   pai  I 
iii'l'  C  T-o,   I- 

:;.    W-2700      Vol.    IX.   pp.    I 
May  awl  .1  une,  '  l .' 

Engineering    Responsibility  —  Chas. 
B.   I  -  :  Lley.     VV-3800.     Vol.  VI,  p. 
Aug.,  '">. 

(E)    C.    E.    Skinner.     W-276,   p.    4.r,2. 

Baw  Material  Supply — P.  II.  Knlgrn 
and  C.  K.  Skinner.  Observation*. 
sugg<  -i   rules.     W-3700. 

IV.    p.    .:  ...        .111'..    '07. 

Government  Specifications  for  Elec- 
trical Apparatus — Chas.  F.  Scott. 
V\r-4825.      Vi  I.   VII,  p.   1.".7.   Feb.,  '10. 

I  B)    W-260.   |>. 

Question  Box-    :-.">,   386,   71 


MATERIALS 


Copper     and     Its     Alloys — Potuidry 
Practice      \v    j    Reardon.    1-2,  W-ll 
Vol.    1.    p.    liiv.   Mar.    '.,i 

Steel,  Testing  of  Sheet — C.  E.  Skin- 
ner.     1-3.      W-3 Vol.      I,      p.      333, 

July.   '04. 

Question  Box — 147,    3s;t 

Design  and  Tasting  of  Electrical 
Porcelain  Dean  Harvey.  D-l.  1-10. 
Vf-2700.     Vol.    iv.   p.   568,  Oct.,  '07. 

Manufacture  of  Electrical  Porce- 
lain—Dean Harvey.  1-3,  W-1350. 
Vol.    IV.    p.   352,  June.  "07. 

Asbestos — Its  Production  and  Use 
— H.  R  Bdgecomb.  T-l.  1-7,  W-8275. 
Vol.   VIII.    p.    S2.   Jan..   '11. 

■Water-proofing  Compounds  In 
Transformers.  W-350.  Vol.  II,  p. 
128,    Feb  .  '05. 

Question  Box— 52.  26S.  312,  317, 
355.   369.  3S5,  3S6,  388.   489.    623. 

Insulation 

Physical  Characteristics  of  Dielec- 
tric*— A.  P.  If.  Fleming.  A  general 
discussion.  Gases.  Liquids.  Solids. 
C-6.  W-2550.    Vol.  IV.  p.   364.  Julv, '07. 

(K)   C.   E.   Skinner       W-250.   p.    361. 

Insulating  Material*—  R.  H.  Arnold 
Classification  of  characteristics  and 
uses.  W-3225.  Vol.  VIII,  p.  195. 
Feb..  '11. 

Insulation:  Resistance  and  Dielec- 
tric Strength:  Method  of  Measure- 
ment— R.  E.  Workman.  D-l,  VC-800. 
Vol.  I,  p.   544.  Oct..  '04. 


Insulation — O.  B.  Moore.  C-3,  D-l, 
W-2400.      Vol.    II,  p.  333,   June.   '05. 

Impregnation  of  Coils  with  Sollrt 
Compounds  J.  It.  Sanborn.  C-2,  D-l, 
I--;.  W-3225.      Vol.  VII,  p.  195,  -Mar.. '10. 

(E)    C.    E.   Skinner.      W-600,   p.    182. 

Condenser  Type  Terminals  -A.  B. 
Revnders.  Theory:  distribution  of 
iti.il.  I'-:..  1 1-(.  1-16,  W-2650.  Vol. 
VII.    p.   76.;,   Oct.   '10. 

(B)    P.   1ft.   Lincoln.     "W-575,  p.  744. 

Insulation  Tasting — C.  E.  Skinner. 
A  comparative  article.  D-9,  1-5, 
W-6400.      Vol.    II.    p.    538.   Sept.,   '05. 

Testing  of  Insulating  and  Other 
Materials — C  E.  Skinner.  Desirabil- 
ity of  standardizing.  W-2425.  Vol. 
\TT.   p.    160,   Feb..  "10. 

Standard  Tests  for  Dlelectrle 
Strength— C.  E.  Skinn.-r  fEVW-lOOO. 
Vol.   IV,  p.   5  I  1.  Oct..  '07. 

Question  Box — 119.  247.  315.  344, 
483.    552     '".46. 

Oil-Switch  Work,  Oil  for.  VV-150. 
Vol.   II.  p.   128,   Feb  .  '06 

Question   Box— 226.    393.    430.    483. 

Taplnar — C.  Stephen*.  Purpose  and 
,,.._  i-i,  W-800.  Vol.  n. 
p.   258,  Apr  .  '05 

Varnished  Cloth  Cables  for  High 
Voltage  Service — Henry  W.  Fisher. 
W-800.      Vol.    III.    p.    235,    Apr..   '06. 

Locating  Paults — C.  E.  Skinner. 
Method  of  burning  Insulation  at  the 
point  of  fault.  W-250.  Vol.  II.  p. 
614.   Oct.,   '05. 

Question  Box— 48.  114.  116.  119,  145. 
255.    283.   473. 
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MEASUREMENT 


General 

See  also  Theory  p.  8 


Measurement*  of  Inductance  —  H. 
B.  Taylor.  A  substitute  for  the  aeco- 
meter!  D-l,  W-550.  Vol.  IV,  p.  296, 
May.    '07. 

Power  In  Polyphase  Circuits  by 
■ingle-Phase  Wattmeters  —  R.  E. 
Workman.  Explanation;  connections. 
D-2.    W-200.      Vol.   I.   p.    674,  Dec,   '04. 

Question  Box — 193. 

Polyphase  Power  by  Single-Phase 
Meters — M.  B.  Chase.  W-176.  Vol. 
V,    p.    52,    Jan.,    'OS. 

Polyphase  Connections  —  M.  H. 
Redda.  Correct  connections  of  watt- 
meters on  three-phase  circuits  re- 
gardless of  power-factor.  D-4,  W- 
1800.      Vol.   VI,   p.   436,  July,  '09. 

Question  Box — 364,    452. 

Three-Phase  Power — H.  M.  Scheibe. 
Demonstration  of  the  correctness  of 
method.  D-4,  W-600.  Vol.  IV,  p.  56, 
Jan.,  '07. 

Question  Box — 361,    446. 

Measurements  Involving  the  Use  of 
Series  Transformers — H.  B.  Taylor. 
C-l,  1-2,  W-2050.  Vol.  IV,  p.  234, 
Apr.,   '07. 

(E>  W.  II.  Thompson.     W-600,  p.  1S5. 

Question  Box — 523,   691,   756. 

Measuring  Rectified  Currents — Paul 
MacGahan.  Action  of  various  types 
of  direct-current  meters.  C-2,  W- 
1075.      Vol.  VI,  p.   700,  Nov.,  '09. 

Question  Box — 3S2. 

Measuring  Power-Pactor  with  Two 
Single-Phase  Wattmeters — Henrv  M. 
Lucas.  C-l,  D-4,  W-625.  Vol.  IX,  p. 
762,  Se"t„  '12. 

Question  Box — 773.   775. 

Effeot  of  Power-Pactor  on  Poly- 
phase Meter  Beading — C.  W.  Kinney. 
W-275.     Vol.  V,  p.   53,  Jan.,  "08. 

M.  B.  Chase.  W-300.  Vol.  V,  p. 
63,  Jan..  '08. 

Measurement  of  Leakage  from 
Ball  to  Water  Pipe  System — C.  W. 
Kinnev.  W-250.  Vol.  VI,  p.  182, 
Mar.,  '09. 

Apparatus  for  Testing — Chas  A. 
Hobein.  D-l,  W-250.  Vol.  VI,  p.  314, 
May.  '"r<. 

Question    Box — 413. 

Error  in  Measurement  of  Trans- 
former Load — J.  N.  C.  Holroyde. 
Apparent  unequal  distribution  of  load 
on  two  transformer  banks.  D-l,  W- 
800.      Vol.   VI,  p.   312,  May.   '09. 

Current  Measuring  —  Three-Phase 
System  —  Two  Transformers.  Con- 
nections; method  of  measurement. 
D-l.  W-200.     Vol.  I,  p.   247,  May,  *04. 

The  Oscillograph — S.  M.  Kintner 
(K).    W-425.    Vol.  Ill,  p.  543,  Oct.,  '06. 

Question  Box — 209. 

Interesting  Applications  of  Oscillo- 
graph—If.  II.  Galleher.  C-5,  D-2,  W- 
1850.     Vol.   IX.  r>.  430,  May,  "12. 

(E)   C.  E.  Wilson.     W-525,  p.   376. 

Use  of  Oscillograph  on  Testing 
Ploor — H.  H.  Galleher.  C-4,  1-5,  W- 
1  175.      Vol.    V,    p.    401,   July,    '08. 

Kathode  Kay  Oscillograph  —  R. 
Rankin.  Ryan  oscillograph.  (E) 
Chas.  F.  Scott,  p.  646.  D-l.  1-11,  W- 
4000.      Vol.  II.  p.    620.  Oct..  *05. 

Hull  Method  for  Magnetic  Tests — 
H.  B.  Taylor.  C-l,  D-l.  1-2,  W -3000. 
Vol.  TV.  p.   168,  Mar.,  '07. 

Phantom  Grounds — R.  F.  Howard. 
W-400.      Vol.    V,   p.    474,   Aug.,   '08. 


Double  Voltages  in  Circuits  Having 
Capacity       and       Inductance — H.       B. 

Dwight  and  C.  W.  Baker.  Abnormal 
voltages  obtained  during  test  of  gen- 
erator for  grounds,  with  meter  trans- 
former in  circuit.  C-2,  D-10,  W-2159. 
Vol.  VIII,  p.  1102,  Dec,  "11. 

(E,   C.   Fortescue.     W-760,  p.  1048. 

Question  Box — 181,  188,  218,  261. 
43\   577,   670,  744. 

Meters 

Progress    In    Instrument    Design — 

Paul  MacGahan  (E).  W-350.  Vol. 
11,  p.  520,  Aug.,  '05. 

Relation  Between  Meter  Design 
and  Switchboard  Lay-Out — Paul  Mac- 
Gahan. Space  requirements.  T-3,  D- 
3275.     Vol.    VIII,   p.   1093.   Dec,   '11. 

(E)  C.  H.  Sanderson.  W-407,  p.  1047. 

Handling  Electrical  Instruments — 
H.  B.  Taylor.  D-2,  W-3000.  Vol.  II, 
p.    474,   Aug.,    '05. 

Portable  Indicating  Meters — Albert 
Walton.  Their  utility  for  investiga- 
tion of  operating  conditions  in  elec- 
trical work.  D-l,  1-4,  W-1725.  Vol. 
VIII.p.   796,  Sept.,  '11. 

Question  Box — 710,   799. 

Polyphase  Metering  Conventions — 
M.  C.  Rypinski.  Standard  arrange- 
ments of  connections  for  instrument 
transformers,  wattmeters,  power-fac- 
tor meters,  synchroscopes.  D-10,  W- 
925.     Vol.  IV,  p.   89,  Feb.,   '07. 

Maintenance  and  Calibration  of 
Service  Meters — William  Bradshaw. 
C-3,  W-2600.  Vol.  Ill,  p.  390,  July. 
'06. 

Reading  Error  of  Indicating  In- 
struments— B  B.  Brackett.  (E)  F. 
Conrad,  p.  709.  C-l,  W-1000.  Vol. 
II,  p.   704,   Nov.,   '05. 

Question  Box — 80  7. 

General  Application  of  Meter  Con- 
nections— H.  W.  Brown.  Polyphase 
wattmeters  and  power-factor  meters, 
transformers.  D-10,  W-700.  Vol. 
VI.  p.  308,  May,  '09. 

Question  Box — 219. 

Standard  Connections  —  General — 
H.  W.  Brown.  Assumption  regarding 
positive  direction  of  current.  Rela- 
tion of  currents  in  current  and  e.m.f. 
coils.  D-22,  W-1800.  Vol.  V,  p.  260, 
May,  '08. 

(E)    B.    P.   Rowe.     W-450.     p.    243. 

Vector  Diagrams  Applied  to  Poly- 
phase Connections — H.  W.  Brown. 
Means  of  determining  phase  rela- 
tions between  currents  and  e.m.f's. 
D-20,  W-2  950.     Vol.  V,  p.  341.     June, '08. 

Single-Phase  Connections — H.  W. 
Brown.  Transformers;  Two -wire; 
grouping;  special;  three-wire;  teaser 
system.  D-17,  W-3  000.  Vol.  V,  p. 
597,  Oct..  '08. 

Question  Box — 278. 

Two-Phase  and  Four-Phase  Con- 
nections— H.  W.  Brown.  Two-Phase 
— four-wire,  three-wire,  five-wire. 
Four-phase  —  four-wire.  D-10,  W- 
1  800.      Vol.  V,   p.   660,  Nov.,   '08. 

Three-Phase  —  Three-Wire  Connec- 
tions— H.  W.  Brown.  Grouping  poly- 
phase meters,  single-phase  meters. 
T-l,  D-36,  W-3250.  Vol.  V,  p.  725, 
Dec,  '08;  Vol.  VI,  p.  47,  Jan.,  '09. 

Three-Phase  —  Pour-Wire  Connec- 
tions— H.  W.  Brown.  D-ll,  W-2425 
Vol.  VI,  p.   118,  Feb.,  "09. 
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Six-Phase  Connection*  - —  II  W. 
Hnuwn.  1 1  9,  W-2850.  \  "i.  Vl.  p,  172, 
Mar., 

Question   Box     -707. 

Special  Connections  II.  W.  Hi  own. 
Beries-paralleJ ;  totalising  and  aver- 
aging; high  end  low-tension  ground 
detectors;  wattless  volt-amperes; 
speed  Indicators;  synchronizing  elr- 
niln  of  unlike  phases.  D-ll,  w-2700. 
Vol.    VI.    p.    198.    May.   '09. 

Error  In   Instruments  Due  to   Wave 

Porm — k.    i:    Somtner.     \v-30o.     Vol. 

Ill,    p.   599.   Oct.,   '06. 

Question  Box  —882. 

Potentiometer  for  Measuring  Low 
Resistance-  11  B.  Taylor.  D-l.  1-2, 
W-2300.      Vol.    III.   p.   GS6,    Dec.   '06. 

Frequency  Meters  —  P.  Conrad. 
W-80U.      Vol.    HI.    p.    o3D,    Bept  ,   '0G. 

A  Polarity  Indicator  -K.  K.  Som- 
mer.       W-250,     Vol.    III.    p.     69S.    Oct., 

Graphic  Recording  Meters.  Detail- 
ed description.  D-l,  1-1.  Vol.  Ill,  p. 
297.    May.   '06. 

(  E  '    Paul    M-i.-Gahan.     W-tTC.   p.  845. 

Graphic  Meters — Albert  Walton.  in- 
terprets! ;  use  in  textile 
mills  for  the  Investigation  and  record 
of  op<  r  (Se<  E.,  p. 
-115.)  C-4.  D-2,  r-1.  W-6100. 
VIII,   p.    416,    May.   '11. 

(  E)    W-2  Jo,  p.    : 

Power  Pactor  Meter  Connections. 
D-2.    W-400.      Vol.    I.    p.    36$.   July.   '04. 

Power  Factor  Meters  and  Their  Ap- 
plication--! '.  MaoGahan.  D-n.  I- 
2,  W-2200.    Vol.  I,  p.  462,  Sept.,  '04. 

Power  Factor  Meter,  Test  of  a. 
D-l.  W-600.     Vol.    I.   p.   554,  Oct.,  '04. 

Meter  and  Testing  Dept.,  Hartford 
Electric  Light  Company — F.  \V. 
Piinca  C-l,  D-2.  1-8,  W-1550.  Vol. 
V.   p.    204,   .\pr..    '08. 

(E)    II     W.    Young.      TV- -ISO,   p.   181. 

Remedy  for  Static  Error  In  Meter 
— Will  C.  Baker.  Charge  neutralized 
with  lighted  match  by  ionization. 
W-S50.      Vol.   VII,  p.   859,   Aug..  '10. 

Question    Box— 27.    45.    56,    66,    189. 
214.    282.    286,    239,   240.   333.   413.    419. 
WATTMETERS 

Integrating  Wattmeters — H.  Miller. 
Induction  Type.  Principles.  Con- 
struction. Accuracy.  Results  ob- 
tained. Operating  Conditions.  C-4, 
D-3,  1-3,  W-4400.  Vol.  IV,  p.  684, 
Oct..    "07. 

Method  of  Calibrating  Wattmeters 
— H.  B.  Taylor.  Arrangements  of 
circuits  to  get  different  loads  and 
phase  relations.  D-2,  1-1,  W-1900 
Vol.    Ill     p.    824,   Nov.,   '06. 

Question    Box — . 

Calibrating  Standard  Wattmeters 
by  Potentiometer  Method — H.  B.  Tay- 
lor. C-l.  D-l.  1-2.  W-3900.  Vol.  IV« 
p.    93.    Feb  .   '07 

A  Study  of  Three-Fhase  Wattmeter 
Connections-- 1 'his  R  Riker.  C-2, 
D-4.  W12375.     Vol.  ix.  p.  765,  Sepl  .  '12. 

Remedy  For  Wrong  Connection — 
M.  B.  Chase.  Error  in  registration, 
due  to  wrong  connection  of  current 
and  e.m.f.  coils.  D-l,  W-450.  Vol 
V,    p.    290.   Mav,   '08. 

Question  Box — 43.  67,  69,  73.  124. 
182,  159,  176.  177.  200.  219,  222,  237. 
251,  282.  292.  304,  319.  328.  329.  332. 
861.  419.  432.  458.  503.  527,  542.  578. 
619.    598.    «17.    63S.    642.    654,   735. 


VOLTMETERS   AND    AMMETERS 

Disc-Type      Induction  --Paul       Mac- 
Gahan.     C-l,    D-l,    1-4.    w 
V  I.    p.    36.   Jan.,   '09. 

<  E)   \\-i...      p.  8. 

Differential  Voltmeter  —  H.  W. 
Peck,    W-200.    Vol.  1 1.  p    L02,  i  •  b  ,  '05. 

Iron  Loss  Voltmeter  - Thoa  Spoon- 
er.     Description     of     Instrument    and 

method    for    simple    and    r<  ter- 

mination   of    transformer    iron    losses 

i    Bine    wave    basis.     C-9,    i>  2.    i-i 
Vol,    VIII,  p,  383,  Apr  ,  'ii 

(EJ)  C.  E.  Skinner.     W-400,  p.     30S. 

Electrostatic    Voltmeter    with    Con- 
denser      Terminal     -  A.       W        Copley 
C-l,  D-l.  [-2,  VV-92  I.      Vol.  VII,  p 
I „   '10. 

Question  Box  —  4C1. 

Induction  Ammeters  and  Voltme- 
ters— Paul  Ma((  Lilian.  C-2.  D-2.  1-4. 
W-1300.      Vol.    IV,    p.    113.    Feb..  "07. 

A     Hot     Wire     Ammeter  —   E.     C. 

Wheeler.       W-225.       Vol.     Ill,    p.     386. 
June,  '06. 

Kelvin   Sector   Type  Ammeters   ana 
Voltmeters — M.   C.    Kvplnski.    Thf 
Description.       1-3.     D-l.    C-2.    W-1500 
Vol.   Ill,   p.    588,  Oct.,  '06. 

Error  in  Ammeter  Maasnremont — 
Wrong  Location  of  Shunt— C.  A. 
Le  Quesne,  Jr.  W-400.  Vol.  V,  p. 
115.  Feb..  '08. 

Question  Box      23.   99,    495,    49C,    58S. 

Relays 

Developments,  1911 — A.  W.  Copley 
(E).       W-500.       Vol.    IX,    p.    17,   Jan.,  '12. 

Protective  Relays — M.  C.  Ryplnskl. 
Purpose,  application,  details  of  con- 
struction and  operation,  and  dia- 
grams of  connections  of  various 
types.  C-5.  D-16,  1-17,  W-8  750.  VoL 
V,  pp.  39,  97,  171.  233,  282,  350;  Jan., 
Feb..  Mar.,   Apr..   May,  June,  '08. 

Circuit  Breaker  Relay  Systems — R. 
P.  Jackson.  Localizing  trouble.  Re- 
urrent     proti  2,     D-7, 

W-2200.     Vol.  VII,  p.  908,  Nov.,  '10. 

Relay  Protection  of  Suh-Stations 
— Paul  MacGahan.  Relay  combina- 
tion    used     at     sub-station     operated 

mission  lines. 
T-l,  C-2,  D-5,  [-2,  W-2875.  Vol.  V.  p. 
638,   Nov.,    '08. 

Relay  Connections  —  Standard — 
H.  W.  Brown.  D-27.  W-3  100.  Vol  V, 
407.   461;    July,    Aug.,  '08. 

Six-Phase  Connections  —  H.  W. 
Brown.  D-3,  W-525.  Vol.  VI.  pp. 
!  76  and   i  B0,  M 

Special  Connection* — H.  W.  Brown. 
Protection  against  short-circuits, 
grounds  and  overload;  reverse  cur- 
rent. D-8.  W-1925.  Vol.  VI,  p.  43t, 
July,   '09. 

Voltage  Regulating  Relays — Paul 
BflaoGahan.  D-l,  1-2,  w-77i.  VoL  VI. 
p.  o 3 5 .  Oct., 

Reverse  Current  Relay* — P.  Mac- 
Gahan and  C.  W.  Baker.  C-2,  D-2, 
W-1200.      Vol.   Ill,   p.    470.   Aug..   '06. 

CB)    S.    Q.    Haves.      W-500.   p.    414. 

Question  Box— 97.  232,  238.  241. 
384.  313.  389.  584.  585. 
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THEORY 


Induction  in  Transmission  Cir- 
cuits— Chas.  F.  Scott.  Physical  re- 
lations between  current,  field  and 
e.  m.  f.  of  self  and  mutual  induction. 
T-l,  D-10,  W-3600.  Vol.  Ill,  p.  81, 
Feb.,     06. 

Question  Box —338. 

Calculation  of  the  E.  M.  P.'s  Induc- 
ed in  Transmission  Circuits — Chas. 
F.  Scott.  Methods  and  constants  for 
determining  the  e.  m.  f.  of  mutual 
and  self-induction  in  parallel  cir- 
cuits. T-l,  1-1,  W-2000.  Vol.  Ill,  p. 
S34.   June.   '06. 

Question  Box — 187,  206,  208,  267, 
146. 

E.  M.  P.'s  Induced  in  Parallel  Cir- 
cuits— A.  W.  Copley.  Solution  of  ex- 
amples. T-l,  D-l,  W-1150.  Vol.  Ill, 
p.  437,   Aug..   '06. 

Question  Box — 547,   737,   798. 

Direction  of  Induced  Currents — H. 
L.  Kirker.  A  method  of  determining 
by  the  magnetic  vortex  theory.  1-6, 
W-700.     Vol.  IV,  p.  537,  Sept.,  '07. 

Question  Box — 242.  406.  517. 

Alternating-Current  Diagrams — Ap- 
plications of — V.  Ka  rape  toff.  D-14, 
W-3000.      Vol.  I,  p.  159,  Apr..  '04. 

D-13,  W-2400.  Vol.  I,  p.  205,  May, 
'04. 

Induction  Motor  Diagrams  —  V. 
Karapetoff.  D-2,  W-1500.  Vol.  I,  p. 
606,   Nov.,   '04. 

D-4,  W-4200.  Vol.  I,  p.  658,  Dec, 
'04. 

Guide  for  the  use  of  the  Heyland 
diagram.  (See  p.  658,  Dec,  '04).  C-3, 
D-l,  W-1500.    Vol.  II,  p.  118,  Feb.,  "05. 


Transformers  —  Applications  of 
Alternating-Current  Diagrams  —  V. 
Karapetoff.  D-5,  W-2000.  Vol.  I,  p. 
L'T'.i,  June  '04. 

D-^.  W-2200.     Vol.  I,  p.  410,  Aug.,  '04. 

Vector  Diagrams  Applied  to  Poly- 
phase Meter  Connections — H.  W. 
Brown.      D-20,    W-2  950.      Vol.    V,    p. 

Corona  and  the  Ionic  Theory — P.  M. 
Lincoln  (E).  Discussion  of  paper  by 
Prof.  Ryan  before  A.  I.  E.  E.  W-700. 
Vol.  VIII,  p.  117,  Feb.,  '11. 

Graphic  Determination  of  Resist- 
ances— F.  W.  Harris.  D-10,  W-2425. 
Vol.  VI,   p.   627,  Oct.,  '09. 

Question  Box — 316.    701. 

Regulation  of  Alternators — V.  Kar- 
apetoff. D-5,  W-3200.  Vol.  I,  p.  532, 
Oct.,   '04. 

Question  Box — 265,   425. 

Equivalent  Current,  Voltage  and 
Resistance  of  Polyphase  Machinery 
— V.  Karapetoff.  D-4,  W-900.  Vol. 
I,   p.  471,   Sept.,   '04. 

Notation  for  Polyphase  Circuits — 
Chas.  H.  Porter.  D-7,  W-2400.  Vol. 
IV.,  p.  497,  Sept.,  '07. 

(E)    Chas.   F.   Scott.     W-225,  p.    484. 

"Wave  Porm  Analysis — P.  M.  Lin- 
coln. C-4,  W-2  250.  Vol.  V,  p.  386, 
July,   '08. 

(E)    S.    M.   Kintner.     W-700,   p.   361. 

Question  Box — 148.    149. 

Squares  and  Cubes — R.  A.  Philip 
W-1200.     Vol.  VII,  p.  250,  Mar.,  '10. 

Question  Box — 37,  77,  185,  215,  280 
810,  354,  417,  432.  467,  497,  526,  533, 
582,   601,   721,   732,   789. 


GENERATION 

(AND   ALL   PARTS   OF   ROTATING    MACHINES) 

POWER-PLANTS 

(See  Mechanical   Engineering,  pp   3  and  4) 


Recent  Advances — Edwin  D.  Drey- 
fusiE).    W-1125.    Vol.  IX,  p.  3,  Jan.,  '12. 

The  Universal  Central  Power  Sta- 
tion— Chas.  F.  Scott  (E).  W-1075. 
Vol.  IX,  p.   449.     June,  '12. 

Centralization  of  Power  Generation 
— F.  Darlington.  (E.)  W-950.  Vol. 
VII,  p.    749,   Oct.,  '10. 

Central  Station  Development — W. 
C.  L.  Eglin.  The  Phila  Electric 
Co.'s  power  house.  1-2,  W-400.  Vol. 
I,  p.   299.  June,  '04. 

Economics  of  Water  Power  vs. 
Steam— P.  M.  Lincoln.  (E).  W-900. 
Vol.  VII,  p.  9.  Jan.,  "10. 

Steam-Electric  Power  Plants — O.  S. 
Lyflord,  Jr.,  and  R.  W.  Stovel.  Fac- 
tors influencing  design,  construction 
and  operation  to  give  minimum  total 
cost.  T-3,  W-3225.  Vol.  IX,  p.  323, 
Apr..   '12. 

fE)  Power  Plant  Costs.  W-375,  p. 
287. 

Combined  Central  Heating  and 
Electric  Plants — Edwin  D.  Dreyfus. 
Analysis  of  conditions  and  require- 
ments for  successful  installations. 
Types  of  prime  movers.  f'-22.  1-4,  W- 
4575.      Vol.   TX.   p.    663,    Aug..  '12. 

(E)  H.  E.  Longwell.    W-425.   p.  661. 


Double  Deck  Type.  T-l,  C-3,  D-l, 
1-3,  W-2400.    Vol.  V,  p.  520,  Sept.,  '08. 

fE)   A.  H.  Mclntire.     W-575,  p.  488. 

Power  Plant  Economics — Henry  G. 
Stott.  T-2,  W-1000.  Vol.  Ill,  p.  106, 
Feb.,  '06. 

(E)   Chas.  F.   Scott.     W-900,  p.  64. 

Power  Station  Economy — J.  R.  Bib- 
bins.  C-7,  W-2200.  Vol.  Ill,  p.  566, 
Oct.,   '06. 

Increasing  Pactory  Power  House 
Efficiency — R.  A.  Smart.  Important 
points  in  design  and  operation  of 
factory  power  plants.  T-l,  C-5,  1-10, 
W-5900.      Vol.  VI,   p.   200,  Apr.,  '09. 

fE)    J.  S.   Peck.     W-550.   p.   193. 

Question  Box — 369,  370,  43*,  467, 
815. 

Causes  of  Accidents  In  Power 
House  Operation — H.  Gilliam  (E). 
W-800.     Vol.  Ill,  p.  242,  May,  '06. 

Reinforced  Concrete  in  Power  House 
Work — F.  W.  Scheidenhelm.  D-l,  I- 
16,  W-2475.     Vol.  VII,  p.  98,  Feb.,  '10. 

Pire  Proof  Enclosures — H.  N.  Mul- 
ler.  Use  of  reinforced  cement.  1-4, 
W-975.       Vol.    VII,    p.     37,    Jan.,    "10. 
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Power  Plant  Operation  II  I. 
i     i   h.     Sorao  • 

■ 

an  1 
\  1 

Question   Box 

Station  winn,'     H 
W-2 \ 

Question   Box 

Installation  of  a  Transmission 
Plant      I- I.      \\  II.      i 

Dimensions  and  Data  of  Installa- 
tions of  Interborough  Rapiu  Transit 
Company      II 

Vol.   IV.   t 

I  E)    W.    1.  P     422. 

(E)    <  '.h  I  -     F.    Scol  :.      W-800,    p.    I 

Great  Falls  Power  Plant  of  the 
Southern  Power  Co.      I,    T.    I' 

Vol.   I V.   p    666,   l  '•■■'..   '07. 

Tests  and  Operating  Results  for 
1900.  kw   turl  r  of 

Interb  >rough   R    pld    i  ■  T-2, 

C-l,  W-9  I.  IV.  p.  413.  July, 

DYNAHOS  AND    MOTORS 


Southern   Power  Company'!  System 

I 

■    ■ 
,  W- 
•!.    \  II  I.   p    325,    Vpi  .  '11. 

c  I)  i   .).    W. 


Northern   California   Power   Co. — O. 
er      D-2,    v. 

Cos   Cob  Power  Plant   of  tho   N.   T., 
N.  H.  &  H.  R.  B.      i:    M    i '.»'.  ter.      1-4. 

\V->.  800.        Vol.     V,     ; 

An     Italian      Power      Plant      S       Q. 

1-1  ,,    V. 

Installing  Apparatus  at  Shawinlg-an 
Falls      I 
V«> i.   iv,  p.  367.     June.  '0 

Operation:      Distribution  —  H.      <> 
Stott.       [nterborough     Rapid     Transit 
Fork.      I  •_'.   \v  Vol 

H.   p.   278,   May,   '05. 


General 

Rating    Apparatus    by    Performance 
Curve ■ 
\  ol.   VIII,  p  '11. 

Generator  Design — Progress.  1911 — 
r.  i  • .  n  i.\. 

Generating  Apparatus  and  Rotary 
Converters      P.       I  ■  (E). 

VIII,  Jan.,  ']  l. 
Trirbo-Generators    vs    Entrlne    Typo 

i.        Vol. 
I V,   p.    54,   .1 

Dynamo  and  Motor  Pulleys — T.  1  >. 
Lynch.     Standai  [-10,    W- 

1160.     Vol.   l  II.  p. 

Performance   of   Motors   Under  Ab- 
normal     Conditions  F. 
I     W-91                                                     'OR. 
Method   of   Dryin?   Out    Quickly — S. 
L.   Sinclair  and    E.   D.   Tyree.     Apply- 
ing   • 

n.-illv     !■  t-clrcult     run.      W-i 

Jan.,  '07. 
Motor-Generator     Sets,      3  000     KW 
Maximum    Continuous    Rating 

ri'im  '  C-l, 

1-3,  W  :      0.      Vol.  VII.  p.  207,  M 
(E)    B.    \  !       W  36  '.  p 

"Idle  Currents"  Within  Generator 
Conductors  -.1.  S.  Peck.  TV-Son.  VoL 
III.    p.  See   also    IV, 

p.  3S2,  July.  '07.  and  VII.  p.  711 
in.) 

Effect  of  Faulty  Controller  Connec- 
tion   on     Reversal  of    Motor      N      E 
Funk.      A      trouble  1"b.      1-1.      \V-3"u. 
Vol.   VII.   i 

Defective  Magnetic  Circuit — R.  TI. 
Fen',; 

in  yoke  of  pen- 
W-260.      V.,1.   VI,   p.    2 19.   Ai 

Question     Box — 32.     20?..     21 

386,    424,    I  671. 

GENERAL    TESTS 

Factory      Testing1      of     Electrical 
Machinery — K     R     ^ross    and    R.    F. 
Workman.     T-2.    D-l,     i-i      W-40 
Vol.    I.    P.    27.    I 

Commercial    Tests — R.    R     Work- 
man.     D-0.    1-1,    \\ 
642,  O   • 


Methods  of  Loading1  Large  Alterna- 
tors for  Test      K.    I  i.    •  ,  - . .  r 1 1  - 

.    VV-2525.      Vol.    IN.    ; 

i  z.     Add 

i  K  i    I :.   '  ;     i .  i  mi  ,  ■ 

W-150. 
Temperature    Test  —  R.    K     \V.,rk- 
ii/  hi.     '  Uvea  A.   I.  E.  i:  md 

me.     C-l,   \\'-i' 
V  ol.    I.  p.   478,  Sept., 

Testing    Voltage—  <\    F.    Skin 
Five    methods    for    measuring    the 
testing    voltage      W-800.      Vol.    ii 
p.   612,  O 

rylng    the    testing    voltage.       I 
W-1200.      Vol.   ii.   p.   54  4.   Sept, 

Railway      Motors,      Tests-  -R.     i; 
Workman.     D-l,  V  I,   n 

I  let,  '0  l. 

Motors,    Regulation    Test — R. 
D-8,    II.    \\    1 800.       Vol. 
P.    360,   July,   '04. 

Motor-Generator     Testing — C. 
•-.     T-l,   D-l,    \\    vun.      Vol,   III, 
4  7  r . .    Aug., 

Short-Circults,    Testing    Colls 
— M.     II-     B  LUpt.       I>-1      1  -2, 

200.      Vol.   I.  p.   I  16,  Mch  .  '04. 

Regulation    of    Generators — R. 
Wi 

I.   p.    240,    A! 

iding  ba 
I-l.  W-2200.      Vol     r. 

'U4. 

Polarity    of    Field    Coils,    Method 
of    Testing-  I :      E.     Woi  W- 

0.     Vol.    I.   p    5 13,   0 
Field     Form     from     Measurement 
of  E.   M.  F.      Between   Commutator 
Bars  -    R      ] ■:.     Workm  in.     C-l,     I-l. 
W-600.      V 

Temperature   Rises   With    a   Slide 
Rule-    '  Walker.      Layout     of 

example;    explanation.      T-l. 
I '--'.  W-  D  i,  Nov  . 

Question   Box — 1 

Short-Clrcult  Test   Without   Instru- 
ments— Leonard      Work.       An 

dent.     I-l,      W  '  Vol. 

!     p.   79,  Jan  .    ' 
Question  Box    -591,  6 


E. 


J. 

P 


for 

\v- 

F. 
on 


T-l,  C-l,    D-4, 
p.    289,    June, 


[O 
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ARMATURE. 

Winding      of      Dynamo-Electric      Ma- 
chines. 

Introductory — R.  A.  Smart.  Classi- 
fication of  windings,  principle  forms 
of  coils  employed.  Slots.  Throw. 
T-l,  D-4,  [-26,  W-1700.  Vol.  VII,  p. 
451.  June,   '10. 

(E)    Winding    as    a    mechanical    op- 
eration.     W-550,   p.   428. 
Small   Direct    Current    Machines. 

Threaded  -  in  -  From-the-Keel  Tvpe. 
Tools  and  materials.  T-l,  D-3,  1-9, 
W-2100.      Vol.    VII,  p.   460,   June,  "10. 

Threaded  in  Type.  For  sizes  be- 
tween one  and  three-quarters  and  five 
horse-power.  D-2,  1-7,  W-1700.  Vol. 
VII,    p.   547.   July.   '10. 

Open  Slot  Winding.  For  sizes 
above  five  horse-power.  Coils  insu- 
lated before  inserting.  1-10,  W-1675. 
Vol.    VII,   p.   533,  July,  '10. 

ill    Induction   Motors. 

Skein  Wound  Type.  For  smaller 
sized  machines.  Single-phase  and 
polyphase.  Winding  of  stator  and 
rotor.  Self-starting  single-phase  con- 
nections. D-5,  1-9,  W-lsnu.  Vol.  VII, 
p.   643,   Aug.,   '10. 

Basket  and  Diamond  Types.  For 
larger-  sized  machines.  D-3,  1-13,  W- 
4350.      Vol.   VII,   p.    693,   Sept.,   '10. 

Induction  Motor  Secondaries.  Squir- 
rel cage  type.  Phase  wound  tvpe.  D- 
1.  1-2,  W-1175.    Vol.  VII,  p.  706,  Sept., 

Direct-Current  Railway  Tvpe  Mo- 
tors. D-5,  1-17,  W-4600.  Vol.  VII, 
p.   816,  Oct.,   '10. 

Large  Direct-Current  Machines — 
Operating  conditions.  Assembly  of 
core.  Strap  coils;  methods  of  insu- 
lating. Winding  the  armature. 
Cross-connections.  Banding.  Bal- 
ancing. Rotary  converters.  Three- 
wire  generators.  1-11,  W-4075.  Vol. 
VII,  p.   895,  Nov.,  '10. 

Winding  Large  Alternating-Cur- 
rent Machines.  Types  of  windings 
for  alternators;  induction  and  syn- 
chronous motors.  D-2,  1-9,  W-4050. 
Vol.  VII,  p.  970,  Dec,  '10. 

Determining    the    Form    of    a    Dia- 
mond  Coil — G.     E.     Miller.      D-4,     W- 
...      Vol.  VIII,  p.   94,   Jan.,  '11. 

Insulating  Materials — See  Materials 
— Insulating. 

Alternating-Current  Turbo  Genera- 
tors— Insulation;  bracing;  testing. 
T-l,  1-7.  W-1975.  Vol.  VIII,  p.  291, 
Mar.,    11. 

Connections  of  Alternating-Current 
Machines — M.  W.  Bartmess.  Group 
windings;  full  and  fractional  pitcn 
windings;  wave  windings.  D-13,  W- 
2125.      Vol.    VIII,    p.    468,    May,   '11. 

Checking  of  Connection  JUiagrams 
on       Tnree-i  nines  —  H.       C. 

Specht.     D-6,    W-loOO.      Vol.    VIII,    p. 

571,  June,  '11. 

Connections  for  Direct-Current 
Windings — H.  C.  Walter.  Method  of 
laying  out  lap  and  wave  windings. 
D-7,  W-1375.  Vol.  VIII,  p.  646,  July 
•11. 

Portable  Insulation  Testing  Outfit 
— C.  S.  Lavvson.  Transformer  for 
500  to  30000  volts;  controller,  spark- 
gap,  etc.  D-2  1-1,  W-1175.  Vol. 
VIIL  p.   721,   Aug.,   '11. 

Question    Box  522,     535,     567, 

572,  573,    597,    628,    656,    662,    663,    664, 


Winding  of  Direct- Current  Arma- 
tures -A.  C.  Jordan.  D-6,  1-7,  W- 
2800.      Vol.    II.  p.  738,  Dec,  '05. 

I   6,    D-5,    W-2700.      Vol.    Ill,    p.    45, 
Jan.,   '06. 

Winding  Armatures  for  Constant 
Potential  "D.C."  Maohiner  y — 
D-17,  1-7,  W-3000.  Vol.  II,  p.  69, 
Feb.,  '05. 

Question    Box — 14,    64,    100.     101, 
1.'7.    I'll.    216,    250,    771. 

Armature  Windings — F.  D.  New- 
bury.  Open  -  type,  single  -  phase. 
D-7,  W-1800.  Vol.  II,  p.  341,  June, 
'05.  Two  and  three-phase  open- 
type.  D-8,  1-1,  W-1600.  Vol.  II,  p. 
■lis.  July,  '05. 

Armatures:  Tests  for  Short-Cir- 
cuits— M.  H.  Bickelhaupt.  1-1,  W- 
250.      Vol.    I.  p.    1  if..  Mar..  '04. 

Short-Circuit     Test:     Armature — 

II.  Gilliam.    See  (E)  p.  585,  D-l,  W- 
.-.Oii.      Vol.   1L  p.    579,   Sept.,  '05. 

Armature  Leads,  Breaking  of,  in 
Small  Motors.  Causes  "f  breaking. 
W-300.      Vol.   I,   p.    685,  Dec,   '04. 

Pressing  on  Armatures  on  the 
Road — S.  L.  Sinclair.  D-l,  W-700. 
Vol.   Ill,  p.  710,  Dec,  '06. 

Soldering  Bar  Windings.  W-800. 
Vol.    II,   p.    691,   Nov.,  '05. 

"Wedging  of  Railway  Motor 
Armatures — F.  C.  Vehslage.  W- 
300.      Vol.   Ill,   p.  240,  Apr.,  '06. 

Apparent     Grounding     of     Arma- 
tures.    S.   M.   Kintnor.      D-2,   W-850. 
Vol.    III.  p.    176,   Mar.,  '06. 
Question  Box — 7  7s. 
BEARINGS    AND    PARTS 

Lubrication  of  Railway  Motors 
— J.  E.  Webster.  1-2,  W-1100. 
Vol.   I,  p.   37S.    Aug.,   '04. 

Railway  Motor  Bearings — W.  H. 
Run. pp.  W-600.  Vol.  II,  p.  243, 
Apr.,   '05. 

Question  Box — 498,  607. 
COMMUTATOR 

Care  and  Operation  of  Commuta- 
tors— W.  A.  Dick.  Mechanical  and 
electrical  points.  Repair  devices.  I- 
11,  W-4600.  Vol.  TX.  p.  378,  May.  '12. 
(E »  E.  M.  Olin.  Economy  of  good 
commutation.      W-525.     p.  373. 

Problems  In  Commutation — Miles 
Walker.  T-l,  C-3,  1-9,  W-4000. 
Vol.   TV,  p.   276,  May,  '07. 

(E)   J.  N.   Dodd.      W-675,   p.   243. 

Mechanical  Aids  to  Commutation 
— J.    X.    Dodd.      1-21,    W-6500.     Vol. 

III.  p.  306.  June  'ii.;. 
Question  Box — 5  64. 

Commutators  and  Commutator 
Building.  W-1600.  Vol.  Ill,  p. 
119,  Feb.  '06. 

Commutators,     Repairing    Pitted. 
W-150.      Vol.    I,   n.   685,  Dec,   '04. 
Question   Box — son. 

Construction:  Larcre  Commuta- 
tors. 1--,  W-1000.  Vol.  I,  p.  303, 
Jun.  T04. 

Construction:  Small  Commuta- 
tors— M.  H.  Bickelhaupt.  1-3,  W- 
600.      Vol.   I,   p.   113,  Mar.,  '04. 

Rebuilding  Commutators — H.  V. 
Rugg.  W-275.  Vol.  IV,  p.  17,  Mar.. 
*07. 

Insulation,  Waterglass  —  M.  H. 
Bickelhaupt.  Method  of  repairing 
short-circuits  between  commutator 
Ruec  W-275.  Vol.  IV.  p.  17,  Mar.,  '07. 
Question  Box — 691,  692. 
Oil,  Trouble  Caused  by — W-400. 
Vol.  II,  p.  55,  Jan.,  '05. 

Oil  ou  Commutator — Leonard  Work. 
W-325.      Vol.    VI,  p.  122,  Feb.,  '09. 


1 1   namos  &   Motor       Direcl   Current     Shunt  i\   Compound    11 


Types    of    Carbon    Brush    Holder* 
— C.     B       M  i  ■'■    '     '       Vol 

I  V, 

Question    Box      1  1  B 
Question   Box 
I 

FIELD    WINDING 

Field  Coils     .1     I..  Smith.    Consti 
tion  t"  stand  m<  leal 

Vol.    \  I  I  I,    p. 

Tield   Coils,  Indestructible,  for   Bull- 
way    Motors.      1  -::.    W-800       Vol.     I.    p. 
•   ■■!  .   '04. 

Intermittent    Open-Circuit     -Will 
Trouble  In  Hi   d  coil.     W  I 
V. 'I,    v.   p    5  10,   Sepl  .  '08. 

A  Beversed  Tield  Coil  R,  H  Fenk- 
h.uis.  :i.       VV-2  i  VI,       p. 

Apr., 

Question  Box      24,    49,    72,    11."..    170. 

FBAME,         BASE,         FIELD         COBB, 
STANDARDS,    CAPS 

Frames      Structural     Steel     Alter- 
nator.     European   designs   and   rea- 
ms  for  l  Vol.  I, 

p     188,  Sej         "  l. 

Hubs    oi    Large    Rotating    Fields. 
W-100.      Vol.  I,   p.   248,   May,   '04. 
Question   Box      B7,    6 

FOUNDATIONS,    BEDPLATES    AND 
APPUBTENANCES 

Foundations     of      Generators      M. 

II  Bit  kelh  i  ipt.      W- 150.      Vol.    i.   p. 
181,  Apr.,  'I 

Direct  Current 

Characteristics  of  Direct-Current 
Generators  H.  W.  Peck  C-l,  D-l,  W- 
i Vol.  II.  • 

Question  Box— 1...  29,  51,  93,  335. 
660,   66  7. 

Operating  Characteristics  of  Com- 
mutating  Pole  Machines  I  M.  ITip- 
iV-6275.  Vol.  VIII,  p.  1066, 
•11 

Question  Box      752,    779. 

Turbo  -  Generators  —  European 
Practice      .IS-  D         [-15, 

W-3250.      Vol    V,   p.    126,    A 

(Ki    W.    A.    Dick.      W-400,    p.    421. 

Difficulty  of  Paralleling  Generators 
Due  to  Unequal  Air  Gaps  Leonard 
Work.  A  trouble  exporienc  W- 
VIII.    p.    1033     Nov.,    '11. 

Question  Box — 611,   621. 

Equalizer  Blngs — Iff.  H.  Bickel- 
haupt.  D-3.  W-800.  Vol.  I,  p.  48. 
Feb.    T14. 

Some  Troubles  with  Direct-  Cur- 
rent Machines  —  Andrew  McTlghe. 
W-950       Vol.    HI,    p     8R8.   June.    'Ofi. 

W.  II  Eaeer.  W-1000.  Vol.  IV,  p. 
198.  May.  '"7 

A  Faulty  Connection — J.  E.  I.ntt.i. 
Effect  of  connecting:  shunt  field  and 
starting  box  in  parallel.  D-2,  W-400. 
Vol.  IV,  p.  52.   Jan.,  '07. 

Difficulty  with  Motor-Generator  Set 
Due  to  Wrong  Exciter  Connections — ■ 
E.  T.   Sill.     A   troub  D- 

1,  W-;.7  VIII,  p.   73  '11. 

Beversal    of    Exciter    Field  -C.     W. 
Kinney.      Dry  batteries   used   to   make 
the    machine    pick    up    in   right    di' 
tlon.      D-l,     W-300.       Vol.     V.     p.     116. 
Feb.,  '08. 


189, 


111, 


Question    Box      16,    22.    54, 

12, 

•..721.. 

UNIPOLAR 

Notes  on  Large   Unipolar  Generator 
\\       \      Dick        i ' 

appltcnl  ■     '.     D  17.     W 

(E)    \\      i.     Dunlap       I  ••    r-lopmi 

Question  Box 
SBONT    AND    COMPOUND 

Three-Wire     Direct-Current     Gen- 
erator     \     ii     m    ;  nth 
w-  L200,      Vol.   ill.   p.   290,   May,  '06, 

Remedying  Trouble  with  Three- 
wire  Generator  Balance  Coils  EC. 
B.  Bommer,  W-800,  Vol.  in,  p. 
600.  Oct.,  '08. 

Trouble     on     Three-Wire     System — 
Blowing    of    fuse    ca  i 
operal  on      D-l,    W-750.      Vol.    V  l.    p, 
56.   Jan.,  '09. 

Question  Box-    31.   40,    '•■■ 
Direct-Current  Balancer   Seis       \    i " 

er.       Shunt 

i  circuits.  Volt  ige  n 
lal  ion:  efficiency.  C  1,  D  L5,  W-  i 
Vol.    IX,   p.    1036,  Nov.,  '12. 

Pumping  of  Two  Direct-Current 
Generators — B.  C.  Bblpman.  <';iuse 
of  trouble  and  remedy.  W-600. 
Vol.   II,   p.   864,   June.  '05. 

Brake    Test    of    a    Direct-Current 
Motor     I:.    17.    Workman.     C-2,    I 
1-3,   W-2000.    Vol.   I,  p.  419,   Aug., '04. 

Efficiency   Test   of   "D.C."   Motors 
— K    E    Workman.     1 1  >    From  lo 
es      (2)    From   bi  t.     W-H 

Vol.    I.   p.   423,   Aug.,  '04. 

Tests:  Iron  and  Friction  Losses, 
Saturation  R.  E.  Workman.  C-3, 
D-4.  1-1.  W-1600.  Vol.  I,  p.  169. 
Apr.,   '04.  _     __ 

Auxiliary    Pole    Motors    —    J.    M 

ll  Pp  e.     C-2,   li.  W-1E Vol.   111. 

)..   275,    May,  '06. 

Question  Box — 12,    168,   171. 

Oscillograms   of   Wave    Forms    of 
Auxiliary-Pole     Dynamos  - 
Dodd.       C-10,    W-1000.       Vol.     I  IT.    p. 
R31      Sept..    ,f"6. 

Experimental  Testing  of  "D.C" 
Machinery  E.  R  !  .'',  .  '; 
Workman.     C-l,      D-4.      C-l.      W-3 

'•     "      ;0      Mar"    '"'•     ~         T         ^- 

Parallel     Operation     C       1       Young. 
Method   of  ting  proper  adl 

C-2.  D-2.   W-412S       Vol.   \  III. 

1 1     r<  7  1     N  o  v  .  '  1 1 . 

. ,'   William  P- 

Parallel     Operation     of     Generators 
and    Motors      IT      I-     Ben    '• 
tion    and    methods    of    adl  I    of 

resistances  of  series  finds.     D-8.   W- 
2100       Vol.    VI.    p.    681.   Nov..   '09 

paralleling   Two    Generators— H.    T,. 

B«*.nch       \n      experlenc      iH'i«tratinK 

ssltv  of  properlv  adjusting  «pries 

flpld  nces.     W-400.     Vol.  "^  I.  p- 

paralleling   Generators      Pol    ril 

i 

Question     Box 

72'-..    76[. 
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Series  Shunt  Adjustment — W.  G. 
McC  W-550.      Vol.    III.    P.    41S. 

Julv.   'Ofi. 

Question   Box— 171.     273.     274.     31S, 

SERIES 

The  Modern  Railway  Motor  D.  H. 
Ackerson.      Growth   an  nent 

Is.     i-i  7.  W-40; 
IX,  p.  894,  Oct,  '12. 

Railway  Motor   Construction — .T.   E. 

Ill,    p. 

Building  of  Railway  Motors — C.  B. 
Auel.     M  it  works 

Westingho  .-  &   Mfg.  Co.     1-20, 

W-4275.      Vol.   VIII,  p.   S70,   Oct..  '11. 

Capacity  and  Rating  of  Railway 
Motors  X  W.  >  Ter.  C-3,  W-4  700. 
VoL   V,   p.  393,  July,  '08. 

Gear    Ratios-  X.     W.     Storer.      T-l, 
W-2125.    Vol.   V,  p.  510.    Sept., '08. 

Interpole  Railway  Motors — J.  L. 
Da\  .    E-7,    W-461   I.      Vol.    VII, 

10. 

Testing-  Railway  Car  and  Loco- 
motive Equipments — H.  L.  Beach. 
Description  of  "flv-wheel  test '' 
D-l.  C-l,  1-4,  W-2400.  Vol.  Ill,  p. 
7n2.  Dec.  '06. 
I  E)  William  Cooper.    W-650,  p.  661. 

^ting      Railway      Motors      (El 
William    I  Vol.   Ill, 

p.  4S1,  Sept, 

Question  Box — 138,  144,  349. 

Speed  Curves  of  Series  Motors — 
R.  E.  Workman.  C-l,  W-800.  Vol. 
I,  p.   475,  Sept.,  '04. 

Loading  Back  Testing  of  large 
Railway  Motors — C.  J.  Fay.  D-3, 
W-1100.      Vol.    Ill,   p.   525,  Sept.,  '06. 

Use  of  Inter-Poles  on  Railway 
Motors — Clarence  Renshaw.  D-5, 
W-1200.      Vol.   IV,   p.    434,   An;?.,   '07. 

Bucking  of  a  Railway  Motor — 
M.      :i.      B  ipt.      W-150.      '• 

1.  p.    LSI,   Apr.,  '"  I. 
Question   Box — 71 

Motors    for    Railway    "Work.      Se- 
ries vs.   Shunt — F.  E.   Wynne.    D-5, 
W-1200.      Vol.    ITI.    p.    14,   Jan., 
Question  Box — 253,    510,   511,    590. 

Alternating  Current 

F<  »r  I''  >wer-Factor  see  p.  i : 

Grounded  Neutrals  in  a  Hi?h  Ten- 
sion Plant  C.  W.  r-::. 
W-3200.     \-,,,.  j r r .  p.  507,  Sept.,  '">;. 

Grounded  Neutrals  with  Series  Re- 
sistances. Percy  H.  Thomas.  Dis- 
i"'isl"n.  (E.i  "W-1100,  Vol.  HI,  p. 
484,   Sept,  '06. 

The      Grounded      Neutral — Chas.    F. 
VoL   IV,   p. 

Neutral  Currents  In  Star-Connected 

Generators — George    I.  C-10, 

W-1500.       \  •  '"7. 

Vol.   Ill,  p. 

<K>   Chaa  -t.     W-900,  p.  361. 

Choice      of       Prequency — Chas.      F. 

P..         V.  12  1. 


Synchronous  Motors  for  Improving 
Power-Pactor — Wm.  Nesblt.  Method 
of  estimating  size  of  motor  required 
and  examples.  D-3,  C-4,  W-2400. 
Vol.  iv,  p.  425,  Aug.,  '07. 

(E)   F.  D.  Newbury.     W-550,  p.  421. 

Graphic   Calculator — Chas.  I.  Young. 

Method     of     finding     improvement     in 

power-factor    obtainable    by     use    of 

hronous      motors.      1-3,      W-1550. 

Vol.    IV.  p.    627,   Nov.,   '07. 

<K\   William  Xusl.it      W-400,  r>.  604. 
■   .1.   S.    P(  Ck.     p.  193.  Apr..  '09. 

Question     Box — 76,     353,     366,     410, 
-    426,    470. 

Niagara  Power  at  the  Lackawanna 
Steel       Company — John       C.       Parker. 
]>--'.  1-2,  W-3425.     Vol.  IV,  p.  ;;2.  Jan., 
i.C. 

Dampers  for  Synchronous  Ma- 
chine -P.  P.  Wilder.  D-tl,  1-2.  W-S00. 
ITol.    IP   p.    2<;.   .Pin..   '05. 

i  E)    P.  M.   Lincoln.     W-500,  p.  2. 
i    P.  i'.   Randall.     W-300,  p.  3. 

Dampers,     Copper     in     Alternating- 
Current  Machines.     W-200.     Vol.  P  p. 
.  July,  'ii  l. 

Troubles  with  Alternators — W.  F. 
Damme.  W-1350.  Vol.  Ill,  p.  56, 
Jan.,   '06. 

Experimental  Tests — R.  E.  Work- 
man. C-l,  D-7,  W-2500.  Vol.  I,  p. 
611,   Nov.,   '04. 

Question  Box — 497. 

ALTERNATORS 

The  Construction,  Performance 
and  Operation  of  Alternators — P. 
M.  Lincoln.  Notes  on  various  de- 
tails. T-l,  C-l,  D-7,  1-14,  W-9400. 
Vol.  Ill,  p.  545-631-668,  Oct.,  Nov., 
Dec,  '06. 

Question  Box — 41.  65.  142.  203,  224, 
331,  362,  42S,  see  p.  40V  June,  '10, 
431.  1.     PHI.     (03,    504.    507,    513, 

:     686,    6'4,    728, 
758,  759,   76V   772,   S10. 

Design,    Advantages   of  Liberal — B. 

«:.  Lamme.  I-J,  W-1000.  Vol.  II,  p. 
'05. 

Comparative  Capacities  —  B.  G. 
Lam  me.  Relative  pop-phase  and  sin- 
gle-phase cap  from  given 
winding  T-l,  D-28,  W-S000.  Vol. 
VHP  )..  G72.   Aug.,  '11. 

(E)   A.  H.  Mclntire.     W-725,  p.  667. 

Rational  Selection  of  Generator! — 
F.  D.  Newbury.  Proper  adjustment 
of  apparatus  to  conditions.  Effect  of 
power-factor.  (See  E,  p.  193.  Apr., 
'09).  Characteristic  curves;  basis 
for  selection  of  machines  for  given 
service.  Determination  of  character 
of  load.  Method  of  rating  genera- 
tors. T-2,  C-2.  D-2,  W-4700.  Vol.  VI, 
p.    5S3.    Oct..    '09. 

Turbo-Generator  —  New  Desirn* 
(E).      vV-725.    Vol. 

V,  i..  :,lo.  -       ari  icle  by 

Mr.    K.   X.  ',   p.    574.) 

Construction:  5000  kw  Engine- 
Driven  Alternators — It.  P.  Wi'son. 
W-600.     Vol.  IP  p.  287,  May,  '05. 

Circulating  Current!  in  Three- 
Phase  Generators — A.  G.  Crier. 
T-l,   C-15,    I  >-C,    \\'-l  100  Vol.    IV,   p. 

"7. 
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Diagrams:  Begulatlon  of  Alter- 
nator*     V.      J  \\  - 

Begrulatlon  Test  of  Alternator! 
— J;      1:     Workman.     C-l,     D-5,     \\  - 

"I 

Kog-ulatlon:  Open-Circuit  Satura- 
tion and  Short-circuit  Teat  K.  B. 
Workman.     C-l,   W-  700      Vol     n.  p. 

I,    Jan.. 
Question    Box    -212,    260.    264.     . 
I 

Turbo-Generator:    Test    of    a   5500 

kw     Fred   P.  \v Ibury.   1-.',  \v 

Vol.   I,  i 

Tsst    of    Synchronous    Motors — R. 

E     Workm  m      \\  - 1 Vol.    1 1,   p. 

115,  PV 

Queatlon  Box    -481,    ">n4. 

Testing  of  Alternators — R.  E. 
W<  I  i-l.    l-l,    \\     i  200.       Y"l 

II.  p.  l  : 

High-Tension       Water      Bheostat 
for    Testing--   X.    i '.     Mini.      I-l,     \Y- 
7&n.     \'..i     v.   p.   ::::.,  Apr..  '08. 
Question   Box      2  19, 

Artificial  Loading-  of  iarge  High 
Voltage  Generators— N.  .1  Wilson. 
T-l,  I  ».  W-2000.  \  ol.  IV.  p.  611, 
Nov.. 

■Water  Rheostat  for  Testing 
1300  Volt  Alternator  W.  L,  I  >u- 
raricl.  I»  1,  W-400.  Vol.  V,  p.  6'".7, 
Nov.    '08. 

Test    at    80    Percent    Power    Fac- 
tor—T.     F\razer.       1  250     k.v.a.     ca- 
pacity.     Load    obtained   by    combi- 
nation  of   water   rheostat   and    svn- 
chronous    alternator.       D-l,    W-500 
Vol.   V.    p.    51.   Jan.,   "08. 
Test  of  High  Voltage   Generator  at 
Constant       Power  -  Pactor   —    Gordon 
Kr:l>^.      Use   of   water   rheostat,    1 
nx'tur     and      small      motors      running 
light.      W-250.      Vol.    VI.    p.    53,    J 
'09. 

Air    -    (Jap    of   Turbo    -    Generators. 
W-400.      Vol     I.   p    801,  June,  'Oi. 
Question  Box — S2. 

Intermittent    Open-Circuit — An    ex- 
perlence    with    two-phase,    composite- 
wound,  Interconnected  alternators  op- 
nic   in  parallel.      W-775.     Vol     \T 
p.   182,  Mai 

Question  Box    -80,   202,   416. 

Unbalancing-   of   Voltages    Due  to 
Unequal    Air-Gap — G.     W.     Canney. 
W-500.      VoL    V,    p.    668,   Nov.,   '08. 
Question    Box 

Aligning   Large   Turbo-Alternator 

— k.   u   Doty,     \v-4t:.     vol.   V.  p. 

666.    Nov..    '08. 

Field     Construction.     1-3,     W-300. 
Vol.   I.  p.  822,   Nov.,  "04. 
Question  Box 

Parallel  Operation  of  Turbo-Gen- 
erators   -I-l,   W-800.      Vol.    1 1,   p. 

Question  Box — 201,   429.  487 

Cross    Currents — R.     F.     Howard. 

W-225.     Vol.  V,  p.    17 

Causes  of  Hunting   in  Synchronous 
Machinery— B.     G.     Lammc      W-l 
\  ol.  \  III.  p.  555,  Juno.  '1 1. 

Synchronizing-    of    Alternating-Cur- 
rent Machines.     D-4,  i-l.   w 
I,  p.  879,   I  '• 

Question    Box— 270.    376,     443      47:» 
630. 

Synchronizing- —  R.  F.  Howard. 
Slmpl*  emerjeenev  method.  W-300 
Vol.    V.   p.    473.   Aug..   '08. 


Connections      for      Synchronizing- — 
ild      U  .      Bi 

IX,    p    63 1.   July,   '12. 
Synchronizing  Devices 

Self-Starting     Synchronous     Motors 

1-4. 
Vol.    \  I.   p,  09. 

Question     Box 


I ; 


Transmission  System:   Synchronous 
.  Induction   Motors 

...    ,|.; 


Box— ISO,     214,     507,     . 


Hiph 
Ifh     E 


g 

INDUCTION    MOTOBS 

Polyphase   Motor— R    O.    la  mms. 

1  I.   1-6,   \\  -4700.    Vo 

Question 

Tesla  Motor  and  the  Polyphase 
System  f.   Sco 

'0  t 
Speed    Control:    Polyphase    Motor 
i  mme.     i '  ■ ,  \\  Vol 

'•    P  '04.      C-l,    D-8,    W- 

Vol.    I 
Speed    Control   by    Cascade   Connec- 
tion    11    c.  Spect.     D-3,  \\  Vol. 
VI,   p.    121,  Ju 

Speed  Control  by  Frequency  Chang- 
vis  II.  c.  Sp<  i  t.  I  1-2,  U  I  Vol. 
VI,   p.   611,   I  I 

Motor  Speed  Variation — R  Q. 
i-amme  (E).  Comparison  oi  possible 
ni'-thods.       Direct-current     analogies. 

\V-100n        Vol      VI,    i.     577.    Oct..    '09 

Question  Box  661. 

Parallel  Operation 

Question  Box  uC. 

Squirrel-Cage      Motors      with 
Resistance     Secondaries 
Hellmund.  advantages 

i  fly-wheel,     influence  of  Incn 

performance.  Discussion 
of  typical  cases;  determination  of 
full-load  Blip.  Severe  starting 
ditiona  Reducing  starting  current. 
C-6.  D-2,  YV-i  it:..  Vol.  VII,  p.  870, 
Nov..   '10. 

I  E)   A.   M.   I  ludley.     W-575,  p.  847. 
Characteristics    Belative    to    Indus- 
trial Application — \.  M.   Dudley.    T-l, 
0      Vol.  V,  p.  866,  July,  "08. 
Question    Box      227.     402,     466,     485, 

673,   748,    791, 
Characteristics  and  Applications  of 
Induction      Motor -W.      Ed  ear      R 
C-2,  W-2300.      \  ol.  Ill    p   6  17    So\ 
I  B)   G.   E.  Miller.      W 

Effect  of  Voltage  and  Frequency 
Variations  on  Induction  Motor  Per- 
formance— Gerard  B.  Werner.  T-6, 
W-2000.  Vol.  III.  p.  401.  Julv.  '06. 
Variations  in  Suuply  Circuit,  Ef- 
fect of — ,T.  W.  Welsh.  T- 
W-1800  V  il.  II.  p  551,  3 
Question  Box-  7 1 :;.  7  7".  803,  S07, 
510. 

Characteristics      by      the      Vector 

Diagram     'I.    C     Si hi       T-l    C-l, 

I  '-1.  W  19, Dec.,  '05. 

Diagrams:    Primary    and    Second- 
ary   Flux    and    Voltages    -V.    Kara- 
D-2,  W-l  ■'■■    ■       \    1.  I,  p.  e 

Method      of      Studying-    Induction 

Motor  Winding — C.    R.    Dooley.      1-2, 

W-450.      Vol.    III.    p.    521,    Sept.,    '08. 

Question    Box— 112.     272.     R26,     33», 

340,   531,  •.    51  1     730.   809. 
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Ho- 
\Y- 


Rs-Connectlon  of  Two-Phase  Induc- 
tion Motor  for  Three-Phase  Operation 

an.      D-l,       W 
>         VIII.  p  ,  '11. 

Heyland       Diagram,       Applicatiom 
of.     Part      l   —V.      Kai  '      Ses 

,  IS.       D-4      W-4  200. 

\  P 

Question  Box 

Slip    Indicator   for   Induction 

tors.      I         :  . 

Polyphase     Motors     Run     Single- 
Phase  H 

C-l,    i  •  :;.   W-1000. 
\        n.  p    501,  Aug  .  ' 

Power-Pactor   for    Any    Current — 

Vol. 
II, 

Question    Box 

Starting     Induction    Motors.      In- 
ter-phase connections   of  two-pl 
generator     for     securing 
ages.      D-l,    W-200.      Vol. 

J.,    '04. 

Question    Box — 136,     180. 

Experimental    Test    of    Induction 
Motors      l :  W< irkm  i  n. 

W- 

Testing    —    Experimental-]'.      B. 

A\  1-1,    W-2 \ 

II.   p. 

Commercial       Testing    —    R.       K. 
W  1  >-l.    W-800.     Vol.    II.   p. 


]'iw      VOlt- 
I,    p.    684. 

271,     290, 


Question   Box — 20.    164,    220,    233. 
Locked    Saturation     Test — R. 


E. 


r-1.    \\  - 


Vol.   II.    p. 


Workman. 
Sept.,  '05. 

Workman. 

II,    p.    513, 


\V<  n 

I 

Losses,  Tests — R.  E. 
W-800.  VoL  II.  p.  581, 
Question  Box — 337. 

Power    Curves — R.    E. 
T-l.    <•-.'.    W-l  100.      V 

Temperature    Test — R.    E.    Work- 
man.   W-200.    Vol.  II,  p.  642,  Oi 

Test  of  Induction  Motor  Wind- 
ings—'; II  I  W- 
2h<">.      Vol.   I.   p.   148,  Apr..   'n4. 

Transformer   Set  for   Testing  In- 
duction    Motors-  i:      a.     McCarty. 
VoL    II.    p. 

Transmission    System: 
▼s.     Synchronous     Motor 

Vol.  II.  i 

Trouble   with   Induction  Motor  Due 
to  Low  Voltasre—-  B.    B.   Br  W- 

VoL   VIII,   p,    732,  Aug.,  '11, 
Abnormal    Operation    Due    to    Hitfh 
Frequency  ird     Work.      W- 

VIII.  p    576,  'June.  '11. 
Question    Box    -.  378. 


Induction 
-      F. 

W- 


Questlon  Box— 7,    8,    9,    10,    11,   12, 
SI,  I         ri,  88,    95,    107,    122,    12;t, 

.    1  13,    207, 


6  J  , . 


286, 
150, 


367, 
648, 


596, 

ran  MotorB.      <  See  p. 
Question     Box      339,  622, 

6b8. 
SERIES    MOTORS 

Some  Phenomena  of  Slngle-Phass 
Magnetic  Pielas—  B.  <;.  I. amine.  A 
simple  method  of  analysing  cer- 
t  -  •  iii  characteristics  applied  to  al- 
ternators, Induction  motors,  both 
Blngle  and  polj  phase,  r-4,  w-22uo. 
v  ol.  HI.  p.  4ss.  Sept..  '06, 
Single-Phase   Commutator  Motors 

I    i  Ih'i iry    of   design    of 
\  ari  l1       i  \  |irs.      i;.       i<:. 

I  L<  llmund  and  E.    W.    P.    Smith.      Vol. 
IX,    1912 

l-'i.  i.il     pri nciples;     i  omparl- 

-    i ..  pe    of    i  aiiv,  aj     motor 
irrent  t\  pe. 
.    ,     p.    128,   Feb. 
y       type      with      pre 
I  -1.   D-9,    I-::.    VV-3475.     |>. 
Apr. 

shunt 

C-10,    I  p   L2,    ii,    \V- 

0,    -May. 

po  le  its; 

•  '     .   D-9,    VV-3700. 
)..    622     J 

Involving     useful     Internal 
in.        D-20,     VV-56 1  ■'■. 
6,   Aug.  and  Sept. 
Single-Phase     Commutator     Type — 

;.   Lamme.     I'-'),  W-5 -     Vol.  V  i. 

p.   7.  Jan.,   '09. 

i  i:  i  u ■-: p.  3. 

Single-Phase  Railway  Motor — S.  M. 
Kintner.  Design  and  operating  char- 
acteristics.    W-1300.     Vol.   VI,  p.   295, 

May.    '09. 

Single-Phase  Series  M  o  t  o  r — 
Chas.  !•'.  Scott.  Relation  to  exist- 
ing direct-current  systems.  W- 
2000.      Vol.  I,  p.   5,  Feb.,  '04. 

Railway       Motor,       The       Single- 
Phase — i '.     R.     Dooley.       Principles 
P'iverning      its      operation;      special 
•  1-2,    D-l,    1-6,    W-1900. 
Vo      i  Oct.,  '04, 

Operation  of  A.C.  Series  Motor — 
F.  D.  Newbury.  Action  of  the  mo- 
tor; comparison  with  direct-cur- 
rent motor;  special  phenomena. 
D-6,  A'  Vol.   I,  p.   i  0,   Feb.,  '04. 

Neutralizing  Field  Winding:   A.C. 
Series  Motor      F.    I  >.   Newbury.    D-5, 
W-l  10  I.    Vol.  II.  p.  135,  Mi 

Testing  Large  Single  -  Phase 
Motors— C.  J.  Fay.  D-l,  1-1,  W- 
400.      Vol.   Ill,   p.  529,   Sept.,  '06. 

Power  Pactor,  at  Starting — Clar- 
ence I  W-1400.  Vol.  I,  i>. 
142.    Apr.,    'ut. 

Space  Economy  of  Single-Phase 
Motors      S.     M  i  I :  |     \Y 

VII.  p.  95,    Feb..  '10. 
Question   Box-    200,   521,   626. 
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Theory     of     Operation     of     Mercury 
Rectifiers      Ft.   P.   J 

B 

:•:,  p. 


Mercury       Arc       Rectifiers      Q.        V 
i     operating 

ire  lamp 
D     ,    [-6,    v.    i     ....      Vol. 
p.   13 


I  R  \NSF<  >RM  \  I  [(  >\     R(  I  i? 


The   Mercury  Rectifier      R     P    Jaek- 

■ 

Mercury      Vapor      Converter      P       M 

M«|uiktiuD    in   «»reury    Vapor   Con- 
verters LI         [-2,    W- 

Studying     Mercury     Rectlflors    with 
the      Oscillograph 


■  r    Imi 
Vibrating   Roc  I 

Question    Box 


I'   V    • 


t 

1  (octroi)  tk 


Question   Box 

1 


IB,    14  1, 


30J. 


ROTARY  CONVERTERS 


iry 
rcss,    l'Jll 


Design— 

\V- 


I  t-rter 

l  \ 

Voltage     Regulation     of     Compound 
v.      ind      Rotary      Converters 

! 
VII 

Voltage   Regulation   of   Rotary  Con- 
vtrttu      I  \V- 

Vol.     I      p      .    i      M 

Question   Box 

Varying    the    Voltage    Ratio      1       I  > 

>'• 
t 

I  •- 1 . 

14'.',     n;o  .         '.     : 

I    P,    M  Lincoln.      97-276,   p    • 
1  a     of     Large     Commu- 

Utlng      Pole  Machines       I        I.       M    K 

Interpoles   111   Synchronous  Convert- 
ers 

I 

[-1,    \V- 

4 

Hunting    of    Rotary    Converters      I' 

I.    P. 


Pumping      of      Rotary      Converters 

Question    Box 

H  1     (.1     Use     for    Power-Pactor 


Testa — R. 

W-  ! 


Work- 

11.    p. 


Vol.     11.     p 


Rotary    Converter 

3.    4.    12.    176, 


Correct1 1 

I  \ ,  1 .    1 

Question   Box 
Experimental 

Question    Box 

How   to    Start 
Arthur     W.i 
II.   p.   426,   .1 

Question    Box      1.    2 

Improper     Foundation     for     Rotary 
Converter     \v       11       1:  unpp.     W 
I  I.    p.    242,    Apr.,   '05. 
Question    Box 
Rotary    Converter    Excitation  I  I 

II  ■  III 

Question   Box       1 1 

Remedying  Trouble  with  Rotary 
Converter-  K.  EL  Sommer.  W-3&0. 
Vol.    III.   p.   698.  Oct..   '06. 

Question    Bo*      1  I  R2.    1»». 
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STORAOH   BATTEERIliS 


Storage    Batteries     -V.     Karapetoff. 
A    complete    in  nning    with 

pr 

304. 


1 .       By  at 
97-1600.     Vol.'  IV.  p. 


elen. 

June. 

rol. 
<  '07. 

«rles.     Boosters.     Ree- 
ulal  !-l.    W-2700.       V..1.    iv, 

t-     161      Auc 

Storage   Batteries--!..    IT.    F 
Recent  •       P    ites.      Mate- 


illation. 

i  •;.    w 


Auxiliary   ap- 
Vol.     iv.    p. 


and 
W-2 


Maintenance 
■    iL     V. 


-F. 
P 


rials    for 

MIS. 

Their     Care 

£.,    08. 

Charging  Electric  Vehicle  Batteries 
I 

T- 1 .  I  •- 1 .     W  - 

IX.  p.  I  2. 

Ouestion    Box  142, 


TRANSFORMERS 


Qeneral 
Transformer    Development      W.     M 

VIII,  .1  in  .  "11. 
Interesting   Features  of  Desiirn   and 
Application 

hell 

■ 
detecting    abnnrm.r  -:.      Im- 

prep  Faihi-  T-l. 

D-l.    1-5.  Vol.    VI! 

C31.   Aug..   '10. 


Not^h   on    Design 

Question    Box 

Improvements,      1911      \\\      M 

:  i 
I 
Distributing     Transformer* — K.     O. 

•  ■  -itlal 
:iremen'  1    and    m«»r 

I- 1 1 .     W. 
4 

I     I  >evel  j  menl  nail    trans- 

"87. 
Question   Box  -321. 
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TRANSFORMATK  »X     Transformers 


Magnetic  Leakage  In  Transform- 
ers— E.  G.  Reed.  Us  effect  on  their 
regulation  under  normal  and  special 
conditions.  T-3.  D-22,  1-3.  W-4175. 
Vol.   VII.  p.   396,   May,     10. 

Large  Self-Cooling  Transformers — 
W.  M.  McConahey.  New  form  of  case 
and  cooling  coils.  1-2.  W-S25.  Vol. 
VI,   p.    749,   Dec,   09. 

(E)  K.  c.  Randall.     W-876,  p.  709. 

Outdoor      Types — C.      S.       Lawson. 
nomy,  and  other  advantages.     1-5, 
W-232         \    iL  IX,  p.  338,  Apr.,  '12. 

(E)    II.    1  i.     i;  idd.       Weather-pr 
sub-station  apparatus.    W-375,  p.   287. 

Operation,  Heal  Economy  In  Trans- 
former- v.  V  D-2  W-2300. 
i                                          '04. 

(E)    J.  S.    Peck,   p.   308. 

Question   Box— 215.    217,    327,    365. 

Diagrams,  Applications  of  Alter- 
nating Currnt — V.  Karapetoff.  D-5, 
W-20U0.      Vol.    I.   p.   279.   June,  '04. 

D-8,  w  Vol.  I,  p.  410,  Aug.,  '04. 

Question  Box — 190. 

Care  and  Operation — W.  M.  McCon- 
ahey. !'  i  notes  for  operators. 
D-l.W-5450.    Vol.    IN.  p.  997,  Nov.  '12. 

Charts  for  Determining  Efficiency 
and  Regulation — J.  F.  Peters.  C-2, 
D-2,  W-1450.  Vol.  VIII,  p.  1115, 
Dec,  '11. 

Statlo  Disturbances  in  Transform- 
ers— s.  M.  Kintner.  D-3,  1-1,  W-1100. 
Vol  11.  p.  365,  June,  '05. 

Question  Box — 188,  261.  478. 

Distortions    In    Voltage    "Waves — A. 
W.   Copley.     C-2,  D-l.     Vol.  IV,   p.    86, 
.   '07. 

(E)  Chas.  F.  Scott.     W-610,  p.  61. 

Current  Bushes  at  Switching — J. 
P.  Peck.  C-6,  W-1400.  Vol.  V.  p.  152, 
Mar.,  '0 

K.  C.  Randall.     W-450,  p.  124. 

Parallel  Operation — J.  B.  Gibbs. 
D*4.  W-1975.    Vol.  VI.  p.  276,  May,  '09. 

(E)   Chas.  F.   Scott.      W-800,  p.   257. 

Delta  and  V-Connected  Transform- 
ers in  Parallel — -E.  C.  Stone.  Advan- 
tageous and  improper  three-phase 
connections.  Effect  on  capacity  of 
group.  T-l,  D-6,  W-1150.  Vol.  VII, 
p.   304.   Apr.,   '10. 

Question     Box — 365.     405,     441,     448, 
:.    ".-.4,   734,   788. 

Relative  Advantages  and  Disadvan- 
tages of  One-Phase  and  Three-Phase 
Transformers — J.  S.  Peck.  W-1700. 
Vol.  IV,  p.  336,  June,  '07. 

Ratings      of      Single-Phase      Units 
Grouped  on  Polyphase  Circuits — H.  C. 
T-l,    D-5,    W-1450.      Vol.    VII, 
p.    298,    Apr.,    '10. 

Converting  Three-Phase  Current  io 
Single-Phase — Chas.  F.  Scott.  Dem- 
onstration that  single-phase  power 
cannot  be  obtained  from  static  trans- 
formers connected  to  three-phase 
circuit  without  unbalancing.  D-l, 
W-900.     Vol.   Ill,  p.    4J,  Jan.,   '"«. 

Question    BOX— 225,     2r.)'J,     363,     504, 

Three-Phase  Transformation  —  J. 
S.  Peck.  D-6,  W-2409.  Vol.  I,  p.  401, 
Aug., 

Three-Phase — Two -Phase  Transfor- 
mation— Edmund    C.    Stone.      D-2,    W- 
Vol.   IV.   p.   598,   0(  t,   '07. 

Three-Phase  —  Two-Phase  Trans- 
formation With  Standard  Trans- 
formers—E.  A.  Starrett.  D-3.  1-1,  W- 
1  100.     Vol.   V,    p.    721,   Dec,   '08. 

Chas.  F.   Scott.      W-900,   p.    678. 


Two-Phase  —  Three-Phase  Trans- 
formation— M.  H.  Rodda.  Applica- 
tions and  limitations  of  auto-trans- 
formers. D-2,  W-275.  Vol.  V,  p. 
608.    Oct.,    '08. 

Two-Phase  —  Three-Phase  Trans- 
formation Using  Standard  Trans- 
formers— Seth  JB.  Smith  and  E.  C. 
Stone,  Method  giving  about  90  per- 
cent of  rated  capacity  of  units  used. 
D-2,  W-300.     Vol.  VI,  p.  441,  July,  *09. 

Two-Phase  —  Three-Phase  Trans- 
formation Using  Auxiliary  Trans- 
former— A.  R.  Sawyer.  D-l,  W-600. 
\  Ol.    VI,    p.    2  IN.    Apr..   '09. 

Two-Phase  —  Three-Phase  Connec- 
tion— D.  C.  McKeehan.  Three  trans- 
formers used;  two  standard  units  of 
smaller  capacity  paralleled  to  obtain 
balance  of  load.  D-l,  W-150.  Vol. 
VI,   p.   412,   July,  "09. 

Connections  in  Two  and  Three- 
Phase  Circuits.    Vol.  I,  p.  400,  Sept.,  '04. 

Question  Box— 21,  23,  26,  38,  63,  91, 
92,  96,   160,   L62,   196,   225,  244,  451,   529. 

Connection  for  Two-to-One  Three- 
Phase  Transformer.  D-2,  W-3000. 
Vol.   IT,   p.   191,  Men.,  '05. 

Question  Box — 708. 

bpeclal  Applications  of  Standard 
Transformers — H.  W.  Young.  D-6, 
W-1350.     Vol.  IV,  p.  709,  Dec,  '07. 

Special  Transformer  Connections — 
M.  C.  Godbe.  Emergency  connection 
to  give  2  300  volts  and  460  volts, 
three-phase  from  a  4  000  volt,  three- 
phase,  four-wire  circuit.  D-2,  W- 
250.     Vol.  V,  p.   176;   Mar..  '08. 

Question  Box — 448.  453,  540,  634, 
6  19,   7 1 ;. 

Novel  Use  in  Emergency — R.  H. 
Fenkhausen.  Old  auto-starters  used 
to  obtain  odd  voltages  for  lighting. 
W-300.     Vol.  VI,   p.   57,  Jan.,  '09. 

Question  Box — 198. 

Winding  Points  In  Transformer 
Coil.  Special  methods  of  winding 
certain  forms  of  coils.  Arrangement 
to  prevent  local  currents.  W-400. 
Vol.   I.  p.  306.  June.   '04. 

Question  Box — 405,   451.   471. 

Tha^ving  Transformers — Walter  M. 
Dann.  T-l.  I-H.  W-1700.  Vol.  Ill,  p. 
38,    Jan.,    '06. 

Bating  of  Testing  Transformers — 
C.  E.  Skinner.  W-200.  Vol.  II,  p. 
615.  Oct..  "05. 

Testing  Central  Station  Trans- 
former— W.  Nesbit.  D-6,  W-2000. 
Vol.  IT.  p.  465,  Aug.,  '05. 

Testing  Load  for  Large  Trans- 
formers— G.  B.  Rosenblatt.  W-200. 
Vol.  II,  p.  C02,  Oct.,  :05. 

Methods  of  Loading  Transformers 
for  Heat  Buns— George  C.  Shaad. 
D-5,    W-1  550.     Vol.  IV.  p.  346,  June,  '07. 

Question  Box — 46,  90,  204,  246,  272, 
298,    445,   781. 

Insulation  of  Transformers — Test- 
ing of — M.  H.  Bickelhapt.  W-300. 
Vol.   I.  p.   182,  Apr..  '04. 

Insulation:  Transformer  —  O.  B. 
M  .ore.  C-3.  D-l,  W-2400.  Vol.  IT,  p. 
333,  June,  '05. 

Drying  Out  High  Tension  Trans- 
formers— J.  S.  Peck.  D-l,  W-1400. 
Vol.  I,  p.  61,  Mch..  '04. 

Drying  Transformers  with  Elec- 
tricity— H.  W.  Turner.  W-460.  Vol. 
IV.  p.   418,  July,  '07. 

Question  Box — 5,    74. 

Moisture  in  Transformers — W.  G. 
McConnon.  W-450.  Vol.  ITI,  p.  418. 
July,  '06. 
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OU    for    Transformers     «  vln- 

n.-r       C-l,    1-1.    W-4  I""        \  ol.    1.   p 
May,    "i. 

Toatlnir  of  Transformer  Oil      M     H 

1.    p. 
Apr.,    "i 

Methods    of    Treating    Transformer 

Oil     s       m       Kfnti  er.     \N  -2 

III.   p    688,   I ' -t  .   '06. 

Drying-      Out     Transformer      Oil — J. 

k.  Sweeney,     u  -800.     \  cd.  in.  p.  478. 

Auif  .    '06. 

Transformer  Oil:  Some  Hints — C. 
E.   ti  I    !.    \  Vol.  II,    p. 

Question     Box  298, 

37:'.    I 

Syphoning    of    Transformer    Oil       I 
Vol.     VII,    p. 

Question  Box      I  12 

Transformer    Trouble"    —    Will 
;  -..     Oil    troul 
Wrong     connections.       w  -  3  7  o.       VoL 
v.  p.   641,  Bepl  ,  '"v 

Transformer  Troubles — .1.  N.  C. 
Hoi r 03  !•■.  Four  examplt  >>f  difficulty 
in  0  heir  final  expl 

tion.     !»-i.    W-1076       Vol.    VI.    p.   311, 
Id  <-■ . 

Question  Box 

Clogged  Tubes  lu  Water  Cooled 
Transformers  —  Q,  B,  Rosenblatt. 
\\     ■    00       Vol     II.   ;■    600.   '  I 

Question   Box      160, 


Twenty-ruth     Auuivvrsary     of     the 
Transformer 

A.    I.  J 
[II,  P.   4 

Question     Box      80,      108,      113.      140. 

Series 
Current     Transformer     Characteris- 
tics     Harold     W.     1  '-11. 
.  VIII,  ]                        '11. 
Operation    of     Series    Transformers 
dward    I.     \. 
\\  -I  100 

Sixty   Thousand    Volt   Series   Trans- 
formers    W.   11    Thompson.     i<  1.    [-2, 
"'.     VoL   1 1 1,   p.  660,  Nov..  '06. 

Measurements   Involving   Their  Use 
11.     B.     Taylor.     C-l,     L-2     W-! 
Vol.   IV.  p.  284,  Apr.,  '"7.     (8<  e   1 

Question  Box— 30,  179,  293.    I 
.   641,  644. 

Auto  Transformers 

Question   Box— 6.    98.    178.    178.    194 
217.  I,  303.    ; 

:17.    269,    2'1,    303,    404,    668,    i 


TRANSMISSION 

CONDUCTORS    AND    CONTROL 
GENERAL 

(See  also  Theory,   p.  8  ) 


Transmission     Circuit  -  -   1  has.     F. 
I  >-l",   W-4  I"".      VoL    II.   p. 
718,  I  '••■   .  '0b. 

Question  Box      2  13. 

Progress   in   Power   Transmission 
P.     If.     Lincoln     (B).     W-575,     p.     22. 
Vol.  vin.  Jan.,  'i  1. 

Limiting-     Carrying-     Capacities     of 
Xtong-     Transmission     Lines 
P.   Fowler.   A   method   of  determii 
by    the    use    of    tables.      W-925,    T-2. 
Vol.   IV.  p.   79.   Feb..  '07. 
Continuity  of  Service. 

In  1 1  sh-Tension  Cir- 
cuits— Percy  H.  Thomas.  Laws  of 
trostatica  The  electric  circuit. 
Study  of  typical  condltiona  D-3,  C- 
8,  W-10  300  VoL  VII,  pp.  228,  309, 
Mar.,    Api  .  '10. 

(E)    K     P.    Jackson.      Continuity    in 
transmission  of  power.    W-650,  p.  184. 

Prote  ■'.  Ion  "f  Electrl 
Against    Electrical   Surges — P.  M.  Lin- 
coln.    Cause  of  surges,   hydraulic  an- 
alogy.     Relative   power   of  appar 
to    resist    surges.      Lightning   arr 
ers.  Overhead        grounded        v. 

Grounded  neutr.i!.      1-7,   W-3600.      Vol. 
VII.    p.    675.   July.    'in. 

Lightning  on   Electric    Circu 
Requirements    of    Protective    Appara- 
tus— R.     P.     Jackson.     Discussion     of 
results    of   recent   investigation.     Me- 
chanical   analogy.       Potential     ac  • 
turns    of    choke    coll    or    transformer. 
Lightning    arrester.      Expulsion    fuse 
for  suppressing  arc.      Electrolytic  ar- 
rester.      C-4.    D-3,    1-9.    W-4050. 
VII,   p.    608.    Aug.,    '10. 


Choke    Coils    vs.     Extra  'ion 

on      Transformers  -  S.      M       Kintner. 

•  f  advanta 

tages  of  each.     Conclusions  in   fa- 

..f  cli'-ke  coils.    T-l,  W-1300.     Vol. 

VII,   p.   725,  Sept.,  '10. 

es     and 
Grounded     Conductors     EL     P.     .1 
son.     Investigation     of  'Edi- 

tions  surrounding    transmission 
and      metal      towers.     Reducti"n      of 
troublo    from    lighting.      C-7,    W-1S20. 
VI  I.    p.   833.   Oct..   '10. 
Circuit     Breaker    Relay     System 
R.     P     Jackson.     L 
Reverse    current    pi  Pn 

tion  against  gr  nd  against 

power.        Op  n      with 

l  (-7,  v.  -2200.     Vol    VI  r.  p.  9  'l". 

Continuity  of  Power  Service  -B     P 
Sums 
trfbutlng    to 

Vol.   VIII,   p.   628,  July.  Ml. 
<  E)    Value    of   Contlnuo  tIc 

Sen  .    r.    S    >tt     W-1000,    p. 

Effect      of      Electrostatic      Stresses 
and    Ground    Connections    on    Trans- 
former Insulation     C    Fort  T-2, 
D-16,    V.                             VIII,  ;..   2 
'11 

1K1   R    I'   Jackson.     W-750,  p.  210. 

Grounded    and    Ungrounded    Trans- 
mission Circuits-  .1    9.  P< 

sion   "f 

I  >-18,    W- 
Vol.  VIII,  p     156,  May,  '11. 
1    K    ' '    1:    ndall.     W-550.  p.  411. 
Question   Box— 742. 
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Static       Conditions       in       Grounded 
Transmission     Circuits  -  K.     I'.     Jack- 
son.        Showing     possible     cause 
breakdowns.      D-2,    W-1200.      Vol.  Ill, 

p.    646.    Nov..   "06. 

Question  Box  261,  811.  360,  39S. 
411.   418,  476,  477.   478,  519. 

Calculating:  Drop  in  Alternating". 
Current  Lines  — Ralph  D.  Mershon. 
T-l.  D-8,  W-4500.  Vol.  IV,  p.  137, 
Mar..     07. 

Specific  Examples  —  Clarence  P. 
wler.     T-l,   W-: p.    150. 

Method  of  rinding-  Drop  in  Alter- 
nating- -  Current  Circuits,  (has.  F. 
S  itt  and  Clarence  P.  Fowler.  > 
modification  of  the  •-Mershon"  Meth- 
od. T-3.  1-2,  W-1050.  Vol.  IV,  p.  227, 
Apr..   'I 

(B)    A.  M.   Dudley.     W-500,  p.   182. 

Regulation,  How  to  Calculate — .T. 
S.  Peck.     1  >-..  W-l ).    Vol.  11,  p.  361, 

Question    Box — 401.     40fi,     410.     426 
433.    444,   534,   729,    76  I.    798,   803. 

Paralleling  Large  Systems — P.  M. 
Lincoln.  The  problem  of  furnishing 
relatively  small  amounts  of  power 
from  one  alternating-current  system 
to  another.  T-l,  YV-3650.  Vol.  VII 
p.   3S6,  May,  '10. 

(E)    I  Scott.      W-575,   p.   339. 

Question  Box-  612. 

Phasing-    Out    Polyphase    Circuits— 

■  i.l   W.   Brown  and  s.  s.  Neu.     I  >- 

16,  W-3050.     VoL  IX,,  p.  437,  May,  '12. 

Question    Box — 183.     187.     2oh.     ?nx 
221.    267,    314,    316,    33S,    346,    401,    677, 
712.    811. 

Power  Factor 

Correction     of    Power-Factor — Wm. 

Nesbit.       Use    of    synchronous    motor. 
Calculations.       Examples.       D-3,     C-4, 


W-2400.     Vol.  IV.  p.  425,  Aug.,  '07. 

(E)    l'\    D.    Newbury.      W-400,   p.   421. 

Correction    witli    Synchronous    Mo- 
tors     Nil- 1  ml  as        S'tahl.      Turves        for 

ready  calculation  of  reactive  effects 
in  powei  circuits  and  selection  of 
proper  synchronous  motor  capacities. 
C-7,  D  I,  \\  5125.  Vol.  VIII,  p.  943, 
Oct.,   '11. 

i  E)   I-:.  R.  Spencer,     w-1200,  p.  826. 
Graphic     Calculator — C.      I.      Young. 
Determination     of     Improvement     ob- 
tained   with  synchronous  motors.    1-3, 
W-1550.      Vol.    1  V,  p.    627.   Nov..   '07. 
(  E)    William   Nesbit.      W    100,   p.   604. 
Power  -  Factor      Improvement      at 
Lackawanna  Steel  Company — John   C 
Parker.       D-2,     1-2,     W-3425.       Vol.     IV, 
p.  32,  Jan.,  '07. 

•  1. 1    P.    M.    Lincoln.      W-r.oo,  p.    2. 
I  E)    K.  c.  Randall.      W.-300,  p.  3. 
Improving-   Power-Factor   of   Indus- 
trial Load-    E.  R.  Spenci  n<  tiron- 
ous                            toT   sel    Installed    In 
■     i    mill,  giving  t  \\  o-curren1    systi  m 
of    motor-drive.       1-2,     W-1225.       VoL 
IX.  p.  609,  July.  '12. 

Question  Box — 76.  126.  129,  142, 
353,  360,  366,  410,  425,  126,  470.  r.oo. 
570,  613,  6  16,  687,  719,  7  12.  743,  790, 
813. 

Effect  of  Power-Factor  on  Poly- 
phase Meter  Beading — C.  W.  Kinney. 
W-275.    Vol.    V.   p.   53,   Jan..   '08. 

M.  B.  Chase.  W-300.  Vol.  V,  p.  53, 
Jan..   '08. 

Measuring  Power-Factor  with  Two 
Single-Phase  Wattmeters  —  II.  M. 
Lucas.  C-l.  D-4,  W-625.  Vol.  IX,  p. 
71:2.  Sept.,  '12. 

Question  Box— 6  7.  126,  127,  128,129, 
142.  165,  193,  213,  265,  266,  362.  364, 
366,   440,   452,   4S1,   500,  503. 


SYSTEMS 


Alternating  Current 

High  Tension  Transmission — J.  F. 
Vaughan.  1-1,  W-750.  Vol.  II,  p.  4  12, 
July. 

Transmission  Line  and  Sub-Station 
Data---  I, .    a.    Magraw.     Covering   100 

and  10,000  volt  systems  of 
the    Southern    Pow.  r    1  T-l 

D-l,      W-17000.      Vol.      VIII,      p.      329 
Apr.  *11 

Power  Transmission  Data  —  Chas 
F.  Scott.  (E.)  W-400.  Vol.  II,  p. 
708,   Nov.,  '05. 

Power  Transmission  '.n  the  West — 
Allan   E.    Ransom.      D-l,    I->;     W-1 
Vol.  II,  p.   678,  Nov.,  '05, 


Sing-le-Phase  Synchronous  Trans- 
mission. Tin  Tellurite  Plant.  (E) 
s.  I-".  Scott,  p.  519,  I-...  W-800. 
Vol.    II.  p.   50 1.   A  ug.,  '05. 

Transmission  Trouhles.  Hiffh  Volt- 
ace,  Hycliaulic  G.  W.  Appier.  D-2, 
W-1000.      Vol.    1  I.   p.   576,   Si  pt.,  '05. 

70  000  Volt  Transmission  Line — 
5.  i-\  Scott.  D-2,  U'-1200.  Vol. 
1  I.   p.   67  I.   Nov.,  '05. 

Question  Box— 61.  8  1,  125,  154,  210, 
•1H7,  517,  543,  63T,   706. 

Direct-Current 

Question  Box — 47. 


LINES 


Overhead 


Poles,  Arms,   etc. 
Steel    Structures    for    Hig-h-Tension 
Transmission      Lines — W       K       Arch- 
■       J-.,    W-l  47.-,.      Vol.    Vir.    p.    262, 
Apr.,    '10. 

<E)    R.    P.    Jackson.      W-600,   p.    257. 
Catenary  Line  Construction  for  In- 
terurban     Electric     Boads  —  William 
Schaake.     Data  and   m< 
paring    -  ■  •  1  ,    ;      \\'- 

Vol.  IX,  p.  918,  Oct,  '12. 
Line    Construction   —    R    L,.    r'hase 
W-l  ii.  11,  p.  697,  No 

Question  Box — 541 


Hazard  in  Overhead  Crossings — 
Chas  F.  Scott  (E).  W-825.  Vol. 
VIII,  p.  824,  Oct.,  '11. 

Sing-le-Phase     Line     Construction — 
Theodore    \  arn<  y.      I  »-8,    1-4,    W-l 
Vol.    II,   p.    199,   Apr.,  '05. 

Catenary      Line      Construction      on 
Warren     and     Jamestown     Railroad — 
Theodore    Varney.      1-2,    W-750.      Vol 
III.    p.    156,    Mar.,    '06. 

CroRsinir   a  Railroad   Risfht   of  Way 
P.    M.    Lincoln,      i-l,    W-1000.      Vol, 
I,   p.    41s,    Sr-pt..  '04. 


TRANSM  ISSK  »N     l.i  5\n  it<  hboards 


[Q 


Repairing  High  Voltage  Line* 
While  In  Servli  ■  :    \V. 

1! 

■ 
\\    : .-  •         \         u. 
i:    r.    i. 
QueiUon    Bui 

Drop  la  Voltage,  Calculation  —  J. 
\V.     '.  /.     . 

High  Voltage  Trolley  —  Effect  of 
■teain  and  Smoke  on  Striking  Dis- 
tance B  M  Klntner.  C  L,  [-1,  \v- 
||fl       Vol.    111.   p.   -'37.    Ait.,   '06. 

Reinforcing  with  Rods  and  C""- 
cret.  6,     W - 

• 
I 

Question  Box       .  ■ 

Conductors 

Central  Station   Wiring      W.    H.irnes, 
Vol.     111.    p.     112, 

Small  Central  Station  Wiring — B. 
L.    .-  \V-li Vol.    IV.    i> 

Conductors  for  Heavy  Alternating 
Currents     EC.     C       Rand  Carrying 

l  by  mnt ual  h 

duc- 
D-l,   W-1360.      Vol.    VII, 

Question  Box     ;:i, 

ads     and    Loop         !:       P      .1  .    ';^r>n. 

D-  i.    \v-l 
:  l. 
Graphical    Method    of    Determining 
Drop    in    Direct-Current    Feeders      R 

w.  c-i,  w- 

V,   p.   :  ne.   '08. 

•  [ng      <  Conveniences — 
A.    II     Mcli 

Wiring  Calculations  by  the  Slide 
Ri.l- —  P.     I< 

Vol.    III.   p.    1  16,    1-eb..  '06. 


Question    Box      181,     151  3  09. 

3i-;. 

Soldoring   Cable   Terminals.      \V 
Vol.    ii.  p  v.,  'ob. 

SpUclng    Cables  W      Barries,    Jr. 

Question   Box  |  4  I 

Wire   Table  —  Formulae   —   Harold 
Vol.    II,    ; 

Wire    Table,    How    to    Remember — 

i.    J'. 

Wire      Table     and      Slide      Rule      V 

II.    p, 

Wire  Table-Resistance  of  Copper 
Wire.     Vol    [II,  p.  118,  F\ 

Question  Box      5  1  •'• 

Underwriters'     Rules      C.     B,      Skln- 

Api 

Question  Box     545. 
Electricity    as   a    Fire  Hazard     C  K. 
■:  >     W   125,      Vol.  Ill,  ; 

fBl    Dean   Harvey,     w-fino.  p.  i<ti 
Fire     Hazard     of     Electricity. 

III.   p    39  •     i  . 
Question     Box 

Underground 

Underground   Wiring — H.   W.    P-urk. 
L200.      Vol.    I.  p.   1  '04. 

Question  Box 

Reinforced  Cement  Shelves  and 
Cable  Armor  in  Manholes— II.  N. 
Muller.     [-6,   W-650.     Vol.    VII,  p.  34, 

.1      ■•!      . 

Ground     Through     Steam     Pipe — R. 
W.    Cryder.      W-250.      Vol.    V,    p. 
08. 

Question  Box — 17,   476. 


SWITCHBOARDS 


General 


Modern   Practice    in    Design — H.    W. 
Vol.     1.    p. 

10.      Vol.     II 

Direct-Current  II.    W     Peck. 

Vol.  II.    ; 
For  Alternators      II     \V. 

I-  I.    \V-1  S00.      Vol.  II.   [.    308,   V 

Hirh    Tension:    Hand     Controlled — 

■  l.  w-i Vol.   1 1,  p. 

3>>".    June.    ' 

High    Tension:    Power    Controlled — 
ll.  \v    Pe  k      I-'.'.  W-2 Vol.  ll.  i'. 

Concrete    Switchboard    Construction 
— I,.      B.      '  "f 

:  rol. 
I- 
9.    W'-l  i 

Hiirh-Tension        Concrete        Switch- 
board   Structures      W.     R, 

T- 1 , 

-«>te   co: 

W-1100.    • 
Reinforced       Cement       Switchboard 
Structures      H      N      Muller.       D 
tion   of   construction   by   appl- 


menl  led  metal  1  rorks. 

1-4.  W-1275.     Vol.   VI  I.  p    81,  Jan.,  '10. 

European     Concrete    Switch     Strtic- 
tures      8.      Q.      Haj  ea.      1    20,      \V- 1 
Vol.    \'I  I.    p.    273,    Apr  . 

Electrically    -    Operated    Switch- 
boards     B.    P      Rowi         D  \V- 
Vol.    IV.   p    •;::•.-.   Nov..   '0 

i->;.  \v 

Lighting     Systems      II        W        Peck. 
I  »-4,  1--'.  W-2300.    Vol.   1 1,  p    L67,  a: 

Rallwav    and    Power     IT.    W.    P».  k 
D-l,   I-  l.   W-l  100.      Vol     I  I.  ;.     10 

Switchboard  of  Congressional  Heat, 
it    and   Power   Plant,    Washington, 
D.  C.         '     I  I 

VII 

216.    M  ii  .     11. 

f E)  K 

Question   Box  411. 

Interrupting   Devices 
General      Considerations   —    V       W. 

■     W-1700.     Vol.   IV. 
6,  Nov.,  '07. 

W-200,    n    603. 
Carbon     Circuit     Breaker     Develop- 
ments-  J.  N.  M  1.1-17.  W- 
Vol.   : 
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Circuit  Breakers — General — F.  W. 
Harris.  Method  of  operation;  multi- 
polar operation;  time  limit  features; 
calibration;  overload  capacity;  cur- 
rent-interrupting capacity.  C-2,  1-4, 
W-S 160.     Vol.   V.    p.    87,    Feb.,  '08. 

Circuit  Breakers — Carbon-Break — 
F.  W.  Harris.  Details  of  design; 
operation;  installation  and  care.  C-l, 
I-1S,  W-3  TOO.  Vol.  V,  pp.  164,  216; 
Mar..    Apr.,    '08. 

(El    W-650,   p.    121. 

Circuit  Breakers — Oil — H.  G.  Mac- 
Donald.  D-2,  1-22,  W-6000.  Vol.  V, 
pp.    272.    320:   May,    June,    '08. 

Question  Box— 04.  277,  301,  313, 
393.   SI'S,   537.    689. 

Tests  on  Large  High  Voltage  Oil 
Circuit  Breakers  —J  N.  Mahoney.  Re- 
sults and  conclusions  regarding  ef- 
tiveness  of  desiarn  and  operation. 
T-l.  C-12,  D-l,  1-6,  W-4025.  Vol.  IX, 
p.    739,   Sept.,   '12. 

(E)  C.  E.  Allen.  Proving  the  cir- 
cuit breaker.     W-250.     p.  730. 

Fuses — Dean  Harvey.  Character- 
istics, standardization  and  types.  1-9, 
C-3,  W-1900.    Vol.  Ill,  p.  159,  Mar., '06. 

(E)    T.   S.   Perkins.      W-500.   p.   125. 

Question  Box — 50,  323,  367,  443. 
TO  9. 

Knife  Switches — Win.  O.  Milton. 
Modified  forms.  D-l,  1-4,  W-2250. 
Vol.  IV,  p.  699,  Dec..  '07. 

Disconnecting  Switches — Win.  O. 
Milton.  I-T,  W-1000.  Vol.  V,  p.  4T, 
Jan.,  'OS. 

Question  Box — 4T9. 

Protective 

The  Present  Status  of  Protective 
Apparatus  —  R.  P.  Jackson.  (E.) 
W-700.      Vol.   III.   p.   363,   July.   '06. 

Frotaction  of  Electric  Circuits  and 
Apparatus  from  Lightning"  and  Sim- 
ilar Disturbances — R.  P.  Jackson. 
Causes  and  effects.  Means  of  re- 
ducing troubles.  Selection  of  appa- 
ratus. Directions  for  specifying 
lightning  arresters  and  choke  coils. 
T-l,  C-l,  D-12,  1-14,  W-7  700.  Vol. 
V,  pp.  79,  156,  223;  Feb.,  Mar.,  Apr., 
'08. 

Operation,  Investigating  Lightning 
Arrester— N.  J.  Neall.  D-2.  1-15,  W- 
Vol.  II,  p.  141,  Men.,  '05. 

Arresters,  Low  Voltage — N.  J. 
1.  D-2.  1-9,  W-1T0O.  Vol.  II,  p. 
3T2.  June.  ' 

Arresters,  High  Voltage — N.  J. 
Neall.  D-l.  1-6,  W-2400.  Vol.  II,  p. 
482.  Aug..  '05. 

Lightning  Arresters  —  Multigap 
with  ground  shields — R.  B.  Ingram. 
C-6,  D-5,  W-1925.  Vol.  IV,  p.  215, 
Apr..   '07. 

(E)    R.   P.   Jackson.     W-375.   p.    183: 


Electrolytic  Lightning  Arrester — 
R.  P.  Jackson.  Description.  1-3,  W- 
1000.  Vol.  IV,  p.  469.  Aug.,  '07.  See 
also  p.  228,  Apr.,  '08;  p.  623,  Aug.,  '10. 

Question    Box — 234,  345.  383,  462,  475 

Overhead  Grounded  Conductors — R. 
P.  Jackson.  Means  of  protection  of 
transmission  lines  against  abnormal 
stresses.  C-7,  W-1825.  Vol.  VII,  p. 
833.  Oct.,  '10. 

Example  of  Danger  from  Poor 
Ground — R.  P.  Jackson.  1-1,  W-450. 
Vol.  V,  p.  291,  May,  '08. 

Question  Box — 321,  492. 

Choke  Coils — N.  J.  Neall.  Theory 
and  advantages.  D-7,  1-10,  W-2000. 
Vol.   II,  p.   603,  Oct..   '05. 

Question  Box — 5S1. 

Development  and  Experiments — 
Arresters — N.  J.  Neall.  D-3,  1-7,  W- 
\ HI.   II,  p.  30,  Jan.,  '05. 

Foreign  Practice  —  Lightning  Ar- 
resters— N.  J.  Neal.D-10,  1-7,  W-2000. 
Vol.   II,   p.   754,  Dec,  '05. 

Choke  Coil  Protection  —  Gola 
Lightning  Arrester.  1-2,  W-400. 
Vol.  Ill,  p.  33,  Jan.,  '06. 

Methods  of  installation  and  use  of 
resistance.  Cable  and  line  protec- 
tion. 1-1,  D-13,  W-2300.  Vol.  Ill,  p. 
16  7,  Mar.,  '06. 

Question  Box — 475. 

Spark  Gap — The  Equivalent — N.  J. 
Neall.  D-2,  1-1,  W-2000.  Vol.  II,  p. 
224,   Apr.,   "05. 

Question  Box — 60,  62,  103,  137,  188, 
199,  259,  261,  411.  477,  478,  497,  669, 
6S0,  711,  733,  762,  812. 

Synchroscopes 

Apparatus  for  Synchronizing — 
Harold  W.  Brown.  Synchroscopes 
and  automatic  synchronizers.  One 
set  of  bus-bars;  two  sets  of  bus- 
bars; between  machines.  D-ll,  1-1, 
W-3400.     Vol.  V,  p.   530,  Sept..  *08. 

(E)  C.  H.  Sanderson.  W-725,  p.  490. 
Synchronizing  Devices — Paul  Mac- 
Gahan  and  H  W.  Young.  Principles 
and  operation.  Inductor  type.  Lin- 
coln type.  Automatic  synchronizer. 
D-2,  1-5,  W-3650.  Vol.  IV,  p.  485, 
Sept.,  '07. 

(E)    P.   M.   Lincoln.     W-300,  p.   481. 
Synchronizer,     Automatic — Norman 
r;.   Meade.     D-3.  1-3,  W-2200.     Vol.  II, 
■  i.  May.  '05. 
(K)   P.  M.   Lincoln,  p.   325. 
Synchroscope.         D-2,     1-1,     W-600. 
Vol.  I,  p.  692,  Dec,  '04. 

Mechanical  Synchronizing — H.  S. 
Baker.  Example.  W-400.  Vol.  Ill, 
p.   652,  Nov.,  '06. 

fE)  Paul  MacGahan.   W-350.  p.  605. 
Question  Box— 157,    229,    256,   279. 
305,  376,  443,  479,  530. 


REGULATION  AND  CONTROL 


Regulators   and    Controllers 

Automatic  vs.  Manual  Control — 
William  Cooper.  (E.)  W-800.  Vol. 
III.   p.   3.   Jan.,  '06. 

Alternating-Current  Potential  Reg- 
ulators— George  R.  Metcalfe.  De- 
scription and  principles  of  operation 
of  various  types.  C-2,  D-6,  1-7,  W- 
I  500.      Vol.    V.    p.    448,   Aug.,    'OR. 

Question  Box — 320,  571,  624,  705, 
T31,    771. 


Polyphase  Induction  Regulators — 
E.  E.  Lehr.  Connections:  primary 
and  secondary  phase  relations;  wind- 
ing and  connection  of  coils;  rules  for 
laving  out  and  checking.  D-9,  W- 
1625.  Vol.  VIII,  p.  1008.  Nov..  '11. 
G.  H.  Garcelon.     D-2.  W-1200.     Vol. 

1,  p.   137.  Apr..  '04. 
Question  Box — T03. 

Induction  Regulator  Control — Clar- 
«ncp  Renshaw.      7"or  use  on  cars.     D- 

2,  W-400.      Vol.  1,  p.  137,  Apr.,  '04. 


ill  [ZATJn  . 
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Feeder    Voltage    Regulation 

I  ,i 

tion  'V 

',)    A     l'  •"- 

H 
Voltmeter    Compensation    lor    Drop 
In        Alteruating-currjut        Circuit! — 
Willi. mi     Neablt.      Compensator    pro- 
l    with  to 

compeni  i :"    for    lii 
line     ■  T-l,     I '  ::.      I '  •  ■.     ^  - 

3500.      Vol.    V,    i  ! 

i  i:>   .  ■  W- 176,   p.  '■ 

Question   Bex 

1'irrill     Regulators -A.      A.     Tirrill. 
D-7,    l-l.   W-1800.     Vol.   V.  [.. 

i  I    >  K    !•:.  V  .'i  K  i :  in.      W-60  ■    p 

Question     Box 
610 

Testing  induction  Regulators — C 
j.  i'\iv.  T-l,  i'-::.  i-i.  W-600.  Vol 
III.  p.   S62,   Nov..  ■ 

Question  Box 

Potential  Regulation  for  Large 
Electric  Furnaces  II.  R.  Stuart. 
D1-,     1-:.     W-l  !.     111.    p.     -1-. 

A  I  ■  ■ 

Direct-Current  Motors  in  Industrial 
Service  r.      Gen 

• 

I  '- 
3,  I  Jan.,  '09. 

Control  of  Direct-Current  Elevator 
and    Hoist    Motors    -1  >.    E.    Cai 

[-6,     W-  1275.        V  il.     \  1.     p. 
107.  Feb., 

Control     of     Direct-Current     Punip 
and    Compressor    Motors — I ».    1  ■'. 
peri''  type 

master  switches.     I>-2.  I-::.   \V-145o. 
\  ..i    VI,   p.    167.    Mar  .  "09. 

Control  of  Direct-Current  Machine 
Tool  Motors      I  >    1 . 

of    lncn  1  >-3,    1-2,    W- 

1 726.     Vol.   VI  :  r.,  '09. 

Control    of    Direct-Current     Motors 
in    Steel    and    Iron    Mills  —I  >.    E.    I 
penter.      Control    of    mill    emnes    and 
hoists,   ore  bridges.      D-2,  1-5,   W-1725. 
Vol.   VI.   p.   2SS.   May. 

Control  of  Direct-Current  Motors 
Operating  Open-Hearth  Tilting  Fur- 
naces I.  At  the  South 
Pido  Works  of  the  3  I  Laugh  - 
lin  .  .  W-20'i 
VI 

Direct-Current  Elevator  Controllers 
— \V.  1 1 

I  '- 1 
I- 1.   \\  -:  825.     V  il.   IX. 

Magnet    Switch   Control   for    Engine 
and  Car  Wheel  Lathes— J    II.    Klinck. 
D-l,     [-4,     W-1550.      Vol.     \"Ii. 
June.   '10. 


Automatic  Motor  Starters  and  Cuu- 
trolli  i 

ipp 
l\.    p.    ,  19, 

Spi 

Vol.       ! 

i  2. 

Automatic  Pump  Governor  and  Wa- 
ter    L«ve]     Regulator      A 
D-l,  W-1125.      Vol.  VIII,  p.    1121,  D 

'I  I. 

Electro  -  Pneumatlo  Control  for 
Large    Direct-Current    Motors      H      D. 

I     1,    W-19  III.    ;. 

Unit  Switch  Control  for  Electric 
Railways 

I  ' 
Vol.    IX,    ; 

Unit  Switch   Control  for  Light  Car 
Equipments     Karl     A.     Simmon.      De 
scriptlon  of  simplified    bai 
type  ntrol.     Multiple    opera) 

Ad\  D-6,  1-14,  W- 

V]  I.   p.    802,  Oct.,   '10. 

i  w.      W  500,    p 
741. 

Electro-Pneumatic  System  of  Train 
Control— I*.  C.  McNulty,  .Ir.  Advan- 
tages: use  of  compressed  air.  I>-4. 
1-7.   VV-3800.      Vol.   II,  p.   207,   Apr  . 

Question  Box — 35,  58,   146,   II 
194.    236,    268,   i 

Direct-Current  Railway  Motor  Con- 
trol i      iper.      [-6,     D-5,     W- 
Vol.   III.  p.   127,  Mi 

Single-Phase  Car  Control — R.  P. 
I  9,  A  \  100.  Vol.  II. 
p,  05. 

Single-Phase  Control,  Diagrams — 
R.    P.    .1.  D-2,    W-300.      Vol.    II, 

p.  :.,    '05. 

Question  Box      52.    I  i  619, 

Rheostats 

Resistance  Device,  Variable. 
D-l.    W-250.      Vol.   I.    p.  247.   May. 

Slide  Wire  Resistance.  11.  W-400. 
Vol.    II.   p.    58.   Jan..   '06. 

Starting  Rheostats,  Maximum  and 
Minimum  Release.  W-150.  Vol.  II, 
p.    192,   Mai 

Synchronizing  Rheostats.  Vol.  I. 
04. 

Emergency  Induction  Motor  Con- 
trollers I  Vol. 
VI,  p.    5        i 

Ouestion     Box— m.  !0      °^3, 

6,   7  15. 


UTILIZATION 

ELECTRO-CHEMISTRY 


Applied       Chemistry.       Examples — 
James  M.  Camp.     W-l  I.  II.  p. 

I 

Electro-Chemical    Industry  —  P.    M. 
Lincoln.       V  i.      III.     p. 

Apr..   '0 

Developments  in  Electro- Chemistry 
— Chas.    F.    Scott      'K'    Combinai 
of   two   sciences.      Usefulness   us' 
dependent    on    ch<\ap    electric    power. 
W-610.     Vol.    VII.   p.    425.   June.   '10. 


The    Electric    Furnace,    1911— C 

W-li  i.    IX.   p 

J 

Electric  Furnaces — William  ' 
Principles     and     t>- 
operation  and  cotnmer 


C-l,    T-l  2.    W-3900.      Vol.    vi.    p. 

Apr.,    ''pq 

Question   Box 


1. 


1  ) 


I'Tl  LIZATI(  )N— Ele<  tro-(  !hem  istry — Lighting 


Electric  Welding-  —  C.  B.  Auel. 
Various  methods  described;  Benar- 
dos  process  in  detail.  Method  of 
makine:  welds.  Results.  D-l,  1-8, 
W-4  560.      Vol.   V.    p.    IS.  Jan.,    '08. 

fE)   Alexander  Taylor.      W-375,  p.  2. 

Question  Box — 248,  5  4  4,  551.  725, 
757,    802. 


Incandescent  Welding — C.  B.  Auel. 
LaGrange-Hoho  and  Thomson  Pro- 
es;  based  on  resistance  principle. 
Industrial  applications.  T-3,  C-l, 
D-3,  1-24,  W-1625.  Vol.  VII.  p.  430, 
June.  'In 

Standard  Cells. 

Qtiestion   Box — 608. 


LIGHTING 


Illumination  and  Incandescent 
Lamps — Developments,  1911.  Norman 
,  i  K  i.  \\  -1  100.  Vol.  IX,  p. 
32,  Jan.,  '12. 

Growth  of  Incandescent  Lighting; 
Industry— C.  P.  Scholl  (E).  W-925,  p. 
27.      \  oL   VIII,   Jan..     11. 

Efficiency  in  Illumination — Arthur 
J.  Sweet.  T-2,  C-3,  W-3950.  Vol.  VI, 
p.    156,   Mar.,   '09. 

(E  -  W-900.      p.    129. 

Cost  of  Illumination — .Max  Harris. 
Factors  involved:  maintenance;  in- 
vestment. T-3,  W-3050.  Vol.  VI,  p. 
33S*.  June.  '09.  (See  correction,  p.  448, 
July.  '09.1 

Question  Box — 525. 

Methods  of  Calculating;  Illumina- 
tion E.  B.  Howe.  Based  on  light 
flux.  T-5,  C-2.  D-l.  W-2675.  Vol.  IN. 
p.  473,   June,  '12. 

Solution  of  Illumination  Problems 
— Arthur  J.  Sweet.  Discussion  of 
typical  problems,  giving  formulae 
and  distribution  curves.  C-5,  D-5, 
W-3875.      Vol.   VI,    p.    662,   Nov.,  '09. 

(E)  Chas.  F.  Scott.  W-525.  P. 
711,  Dec,  '09. 

The  Illuminating  Situation — Percy 
H.  Thomas  (E).  W-575.  Vol.  IV,  p. 
541,  Oct.,    07. 

Incandescent  Lamps  for  Railway 
Use — George  P.  Soholl.  W-850.  Vol. 
IX,  p.   850,  Oct..  "12. 

Street  Illumination — C.  E.  Steph- 
ens. Source,  intensity,  and  distribu- 
tion of  light  flux.  Typical  distribu- 
tion curves.  C-5,  W-3150.  Vol.  VI, 
p.  353,  June,  '09. 

Question  Box — 4  82. 

Street  Lighting — W.  P.  Hurley  and 
•  Padon.  Advantages  of  metallic 
flame  arc  lamps.  Typical  installation 
using  mercurv  arc  rectifiers.  T-l, 
D-l,  I--.  W-1950.  Vol.  IX,  p.  527, 
Jun>-.    '12. 

Arc  Lamps  and  Illumination — Prog- 
ress, 1911 — Q  E.  Clewell  (E).  W- 
1200.      Vol.    IX.   p.   18,  Jan.,   '12. 

Observations  on  the  Metallic  Arc — 
<;.   M.   Little     1-12,   W-3650.     Vol.   IX, 
7.   Feb.,  '12. 
Stability  of  the  Electric  Arc — G.  W. 
-  i.       No  ^Mended    observ.i- 

i.     Vol.   IX.  p.   1062, 
2 
Question  Box      ,  95. 
Metallic    Plame    Arc    Lamp — C.    E. 
Stephens.       Development.       Design. 
Construction.      Results    obtained.      D- 
8,   1-2,  W-2800.      Vol.   IV,   p.    547,   Oct., 
'07 

Plame     Carbon     Arc     Lamp — C.     E. 

lens.      Me  and    electrical 

of   long   burning   tvpe.      T-l, 

D-l,    1-4.     W-1775.       Vol.    IX,    p. 

12. 

Aro    Lighting — R.      H.      Henderson. 

D-4.    I-i.    A'.  Vol.     Til.    p.     265, 

Question  Box — 532. 


Improvements  in  Street  Lighting 
Units — Dudley  A.  Bowen.  Distribu- 
tion and  candle-power  curves  of  vari- 
ous arc  lamps.  Analysis  of  losses  in 
distribution.  Details  of  new  metallic 
flame  arc  lamp.  C-2.  D-2,  1-3,  W- 
L325.     Vol.  VII.  p.   412,  May,  '10. 

Mysterious  Surging  of  Arc  Circuits 
— Leonard  Work.  Trouble  traced  to 
defective  regulator  and  short-circuit- 
ed resistance  in  lamps.  W-1125.  Vol. 
VII,   p.    S40,   Oct.,  '10. 

Series  Tungsten  Lamps  for  Street 
Lighting — 11.  a.  Eiussey.  W-2875. 
Vol.  IX.  p.    182,  June,  '12. 

Tungsten  Lamp  in  Street  Lighting 
— C.  E.  Stephens.  Intensity  of  illu- 
mination required.  Production  at 
minimum  cost.  Distribution.  Dif- 
fusion. Series  regulator.  Ornament- 
al poles.     T-l,  C-l,   1-5,  VV-2650.     Vol. 

VII,  p.    594,   Aug.,    '10. 
Developments      in      the      Tungsten 

Lamp — G.  P.  Soholl.  W-1525.  Vol. 
IX.    p.    557,    June.   '12. 

Physical  Cliaracteristics  of  Tung- 
sten Lamps  —  J.  Franklin  Meyer. 
T-l,  C-6,  D-l.  W-1750.  Vol.  VIII,  p. 
529,   June,   '11. 

Incandescent  Lamp  in  Use — B.  F. 
Fisher,  Jr.  Curves  of  most  econom- 
ical     efficiency.     C-4,      W-2450.     Vol. 

VIII,  p.   547,  June,   '11. 

Tungsten  Illumination — Arthur  J. 
Sweet.  Rules  for  application  of 
lamps  and  reflectors.  (See  ed.,  p. 
711).  T-5,  D-10,  W-2525.  Vol.  VI,  p. 
740,  Dec,  '09. 

New  Form  of  Tungsten  Lamp — 
Chas.  F.  Scott.  Improvements;  use 
of  continuous  wire  type  filament  and 
flexible  terminal  connections.  Me- 
chanical tests.  T-l,  D-2,  1-4,  W-2425. 
Vol.   VII.   n.    469.  June.  '10. 

Three  Voltage  Method  of  Labeling 
Tungsten  Lamps — B.  F.  Fisher,  Jr. 
T-l,  W-1375.  Vol.  VII.  p.  2  12.  .Mar., 
•10. 

Question  Box — 380,   381.   464. 

Industrial  Lighting  Systems — C.  E. 
Clewell.  Desig  ,  construction,  instal- 
i  nd  "I"  ration.  T-2,  D-6,  1-3, 
W-3825.      Vol.    IX.   p.   459,  June,   '12. 

(E)  T.  J.  Pace.  Illuminating  engi- 
neering and  the  central  station.  W- 
750.      p.    456. 

Industrial  Illumination — C.  E.  Cle- 
well. Practical  problems  and  system- 
atic methods  of  solution.  T-5,  C-l, 
1-1.  W-4250.  Vol.  IX,  p.  588, 
July.  '1  2. 

Tungsten  Lighting  in  Modern  In- 
dustrial Establishments  —  Alex.  J. 
Airston.  "Wires  for  design  of  system 
of  illumination.  T-3,  D-5,  T-l,  W- 
Vol.   IX.   p.   1076,  Dec,  '12. 

Notes  on  Factory  Lighting — C.  E. 
Clewell.  Candle-power  ranges  and 
relative  efficiencies  of  various  com- 
mercial units;  selection  and  installa- 
tion of  units.  D-3,  1-6.  W-3875.  Vol. 
VIIT,  p.  278.  Mar.,  '11. 

Question  Box — 586. 
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Tactory  Lighting  Problem-  C  E 
Clewell.  T-l,  C-2,  1 1  i  [-6,  w  :;800. 
Vol    VIII,  p.   194.  June.    1 1. 

(E)  C    B    a  iei      w    p 

Operation   and   Maintenance  of  Fac- 
tory LiffUtinff      C.  J 
4.     D-2,     1-6,     W  Vol.     VIII.     p. 

,  D  '11. 

Machine  Tool  Illumination  I  1  ■: 
< '  1 . •  w .  1 1      O pe  1    Linf  tg  of 

lamp;   refli 

owe       1  \  ol.   l.\. 

p.    lis.  12. 

(E) 

Power   House   Lisrhtimf  I.     Cle- 

well      D-3,     [-8.     >•'  Vol.     VIII, 

p.    788.     Sept,  '11. 

(E)   C  R     RJk<  v,       ■".    p.  T  13. 

Drafting      Boom      Lighting--  -1'.       K. 
well.    Notes  on  1  1  to  de- 

termine    proper     Intensity, 
ment    ind  nun  i-l, 

W    1975       Vol     VII,  p.   956,    I '1" 

Office      Lighting  -('.       E.      Clewell. 

determine 
number    of 
lam]  -  »ns.     T-l,     I »-:'..     W- 

Vol.   VII,  p.  352,   May,  '10. 
1  1: 1   Cl     -     i      S     itt.     W-875,   p.   3 
Lighting     of     Small     Offices      I ',.     I •:. 
well.     Su  number 

arrangement  of  lamps .  ed., 

I-l.    W-2400.      Vol. 

vrn  u 

Lighting   of   a    Small   Jewelry   Store 
.   W-575.      Vol.    IX. 

71.   Juno.     12. 


Logrlo     of     Pre.    Lamp     Renewals— 
11.  n.  Muuer.    Poor  light  complali 
•\    central    station    problem.      How    it 

:   ft',,1',"  Al  mty 

'..kin   Co.,    rittsiiiML-,    1  ,      ,  ■  1     1  . 

W-2J00.     Vol.    V.    p.    ,,., 

Historical        Exhibit        of        Lauini. 

Vol.  VII 

(E)  Cha      P.  £ 

Reflectors    for    Incandescent    LtmDI 

Ihomas   W     Rolph      Ad 
reflectors.      C01 
the  1 
Vol.   VII,  p    841,   May,    lo! 

(E)   1  'has.    1  ■'.  Scott     w-nt;,,  n 

Candle    Powor    Variation    of    Incan- 
descent   Lamps    at    25    Cycles      I'     0 
Kellholti    and     B     Harrison     Bra'noh 
1     l.    I  !-3,     I  ■   l.     \\    3000.       Vol      I  I  : 
'06. 

(E)  1  !has.   P.  8  iott    W- 10  183 

25  Cycle  Lighting-  In  Buffalo  M 
B.  \l  \  erson.  W-i  700.  Vol  ill  a  231 
Apr..     OR. 

Mercury    Vapor     (Tube)     Light    vs. 
Other     Porms     Percy      H.       Thomas 

;  '.   '      VV-  l Vol.    1 1 1,   p.    L21, 

'06. 

American   Association   for  the   Con- 
servation of  Vision      1      I.    Elliott  (E) 
W-725.    Vol.  VIII,  p,   488,  June    ']  l 
(E)  ' '    B.  Au.-l.      W-600,  p    IS 
Question    Bot-Si;       joy       194       2°ft 
434,  547,  60',   755,   811.         ' 


INTELLIGENCE  TRANSMISSION 
Telegraphy 


'Wireless  Telegraphy.     The     Status 

of      S      M.  D-2,     W-     1700. 

Vol.    I.   p.    -  '04. 

Question  Box — it>8.    517. 

Telephony 

Line    on    Power    Line    Poles — Allan 
K.    Ransom.      W-300.      Vol.    I  l.    p.    681, 

Nov.,   '0 


Telephone  and  Power  Circuits  on 
Same  Poles  G.  W.  Appier  l>-l  W- 
L00       Vol.  II,  p.   578,  Sept., 

Telephone,      The      Modern   —   S       p 
D-4,    1-12,    W-4000.      Vol.    I.   p 
317,  July,   '04. 

Telephone  Engineering  —  Chas  F 
Scot :  CE.)  W-600.  Vol.  Ill  p  l 23 
Mar.,    '11H. 

Question  Bn»  -?*><.  238  242  289 
13  1.   5  IT.   609,   7.".;.    811. 


POWER 


General 


Fundamental    Reasons    for    Use    of 
Electricity      I  $     S        1.      W-{ 

VoL    VI,   p.   6  19,   Nov.,  '09. 

Water      Power      Rights   -Chas.       P. 
Scott.      1 1: 1  m    of   act  Ion    of 

N.  E.  T>.  A.  Review  of  address  by 
Mr.  J.  H.  Kinney  at  American  Klec- 
trochemical  Society  Convention, 
Pittsburg.    May,    1910.'    W-800.      Vol. 

VII.  p.   503,  July,   'l". 
Conservation    of    Power    Resources 

—♦'has.  F.  Scott.  (E)  Notes  with 
reference  to  proposed  federal  legis- 
lation.  W-S  V,  p.  122,  M 

Comments  on   a  brief   bv    Mr.    P 
nam.     Chas.     F.     Scott      (E).      W-725. 
V,  p.  486,  Sept.,  '08. 

Water  Power  and  National  Conser- 
vation    1  lhaa    P.   Scotl    (E).      Re 
of    A.  IKK.    paper    by    Mr.    I,.    B.    Still- 
well    on    "Electricity    and    the    I 
vation  of  Energy."      W-750.      Vol     VI, 
p.   325,   June.   '0 

Conservation     of     Water    Powers — 
Sidney      Z.       Mitchell.      W-2S75.      Vol. 

VIII.  p.  424.  May.  '11. 

(E)  Chas.  F.  Scott,     p.   415. 


Rate   Making  for  Public  Utilities 
The  Madison  Case-    Percy  H.  Thou 
Valuat  Ion   of  proper.  •.       1  >< 

I  by 

W-6075.      Vol.     VI  1      j' 

July,  '10. 

(E)    I   ins.    P.  W-l  100,   p.    ' 

Industrial  Engineering      H    W.  Peck. 

Methods    of    Investigating    power    re- 

1     of    rn 
drive     in     Industrial     work.      1-7.     W- 
3525.      Vol.   VI.  ; 

(  E)  J.   Henry   Klinck.    W- 125 
Building  Up  Power  Districts      I  >.   s. 

.'.  !l       I  E  ■ 

and   results.     W-87  IX,  p.  45 1, 

i 2. 

Cost   of  Motor,   Power  and   Product 
— Chas.    F.    Scott    (E).       Necessity    of 
analyzing     conditions      to     determine 
tlve   1m;  of   these    factors. 

W-1200.      Vol.    VI,    p.    MM.    .In- 
Central     Station     Industrial     Engi- 
neering- --. i  iim     C      Parker.      Line     of 
attack.      Reports    t  I  ••• 

termining     power     requirements     and 

ing    conditions.       Exhaust    st< 
heating.       W-7025.       Vol.    VII.    p.    127. 
Feb..   'in. 
(E)    W.  B.  Wilkinson.    W-825,  p.  93. 
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UTILIZATION-    Power     Applications 


Power  Phase  of  Industrial  Engi- 
neering:—  A..  F.  Strouse.  T-2,  W-3225. 
Vol.   IX.  p    208,  Mar.,  '12. 

Selling-    Power   to    Large    Manufac- 
turers— A.  E.  Rickards.     E  and 
immendations    based     on     coi 
T-2,   W-               Vol.    IX.   p. 
June,  "12. 

Pactory  Power   Costs — II.   H.   Hold- 
ing.  Investment  cost;  labor  cost;  load 
factor  a  determining   condition.      T-4, 
D-l,    W-3150.     Vol.    VIII,    p.    558, 
June.  '11. 

Estimating;  Electric  Power  Costs — 
Chas.  R.  Riker.  By  use  of  chart. 
Usefulness  of  card  index  record.  C-2, 
W-187S.      Vol     VJTI.   n.  189.  Feb..  'XI. 

A    Study    of    Load    Factors      S.     A. 

•her      S  -    proper  method  of 

rixin?  power   ra  tiers.     T- 

1,  ('-.',.   W-1825.     Vol.  IX,  p.   773,  Sept., 

'12. 

Standard  Apparatus  on  Standard 
and  Special  Frequencies — Rudolfh  E. 
Hellmund.  C-3,  W-4750.  Vol.  VII, 
p.   680,   Sept.,  '10. 

CE)   R.   S.   Feicht.     W-450.  p.   666. 

Proper  Procedure  in  Factory  Elec- 
trification— Wm.  B.  Wreaks.  W- 
L850.      Vol.    IX,  p.    5  10,   June,  '12. 

Engineering-  Methods  in  Factory 
Electrification — Win.  B.  Wreaks  (E). 
W-875.      Vol.   IX,  p.   374,   May,  '12. 

Tendencies  in  Central  Station  Serv- 
ice— D.  E.  Carpenter  (E).  W-650.  Vol. 
IX.  p.  181,  Mar.,  '12. 

Co-Oneration  in  Developing  Indus- 
trial Motor  Field — Harry  G.  Glass.  A 
combined  engineering  and  commer- 
cial problem,  requiring  sound  engi- 
neering and  effective  presentation  of 
economics  and  advantages  of  electric 
service.  W-1600.  Vol.  VII,  p.  8S4, 
Nov.,  '10. 

Co-Operation  Between   Manufactur- 
ers and  Users — H.  D.  James   (E).     W- 
I.     Vol.  IX.  p.  35,  Jan..  '12. 

Marketing  Central  Station's  Outpiit 
— Joseph  McKinlev  (E).  W-S25.  Vol.- 
IX,  p.   1S2,  Mar.,  '12. 

Suggestions  to  Central  Stations  for 
New  Business  Campaigns — W.  B. 
Wilkinson  IE).  W-625.  Vol.  VIII, 
p.   115,   Feb.,  '11. 

Field  of  the  Motor  Application  En- 
gineer —  A.    G.    Popcke    CE).      W-1200. 
TX.  p.    451,   June.  '12. 

Profitable  Day  Loads — S.  A.  Fletch- 
er. Suggestions  for  improving  the 
load-factor  of  central  stations.  W- 
2350.      Vol.  VI,   p.   370,   June,  '09. 

Securing  Off-the-Feak  Load — Harry 
G.  Glass.  (E)  Essential  points  for 
consideration  bv  central  stations. 
W-1026.      Vol.   VII,   p.    850.   Nov..   '10. 

Securing  Factory  Load  for  Central 
Stations — Luther  P.  Perry.  Conve- 
nient forms  for  use  of  central  station 
solicitors.  C-l,  D-l.  W-4650.  Vol. 
VITI.   p.   612,  July,  '11. 

fEI   S.   A.  Fletcher,      p.    591. 

Relation  of  Load  to  Station  Equip- 
ment— F.  D.  Newbury.  Requirements 
of  generators  as  regards  k.v.a.  and 
field  capacitv  for  loads  of  various 
er-factors.  T-l.  W-1600.  Vol. 
VIII,   p.   C2?,,  July.  '11. 

Investigating  Manufacturing  Oper- 
ations with  Graphic  Meters — C.  W. 
Drake.  Means  of  determining  eco- 
nomics of  various  operations  and 
character  of  load.  C-6.  1-2,  W-2300. 
Vol.   VII,  p.   536,  July,  '10. 


Question  Box — 577. 

Increasing  Use  of  Motor  Drive — W. 

B.  Wilkinson  CE).  W-b>14.  Vol.  IX, 
p.    185,    -Mar.,    '12. 

Recording  Conditions  of  Operation 
with  Graphic  Meters — See  Meters,  p.  7. 

Effect  of  Starting  Currents  on  Pow- 
er Circuits — .1.  W.  Fox.  Starting  con- 
flit  ions  in  cotton  mill  work  with  squir- 
•     motors.     C-2,    W-1575.     Vol. 

VIII,  p.   77S>,  Sept.,  '11. 

Selling  Current  in  Cities  of 
Twenty     Thousand     Inhabitants  —  H. 

C.  Ayers.  W-1900.  Vol.  Ill,  p.  353, 
June,   '06. 

Government  Electrical  Work,  1911 
— D.    S.    Bowman    (E).    W-1350.      Vol. 

IX.  p.    21.   .Jan..   '12. 

Canadian  Power  Developments, 
1911 — X.   S.  ]  l  CE).     W-375.    Vol. 

IX,   i>.    1  I.   .I.iu..   '12. 

Impressions  of  the  "West,  1898-1909 
— Chas.  F.  Scott  (E).  Notable  elec- 
trical developments  in  transmission 
and  Industrial  fields.  W-1725.  Vol. 
VI.   p.   642.   Nov.,  '09. 

Question  Box — 210. 

Motors  and  Their  Application 

(See  also  Regulation  and  Control  p.  20) 

Advantages  of  the  Electric  Drive — 

J.  Henry  Klinck.  In  its  application 
to  railway  repair  shops.  W-172  5. 
Vol.  IV,  p.  341,  June,  '07. 

Electric  Motor  Applications  —  J. 
Henry  Klinck.  Selection  of  motors; 
methods  of  control;  three-wire  dia- 
gram. D-l,  T-19,  W-3800.  Vol.  II,  p. 
556,    Sept.,   "05. 

Classification  of  Motors  According 
to  Characteristics — J.  M.  Hippie.  An 
aid  to  intelligent  apnlication.  T-l, 
W-1225.      Vol.   VI,    p.    40S.    Aug.,    '09. 

Industrial  Motors — Progress  in  De- 
sign and  Apnlication.  1911 — J.  M.  Hip- 
pie (E).  W-625.  Vol.  IX,  p.  31,  Jan.,  '12. 

Drives,  Direct- Current  Systems  of 
Electric — W.  A.  Dick.  D-7.  1-13,  W- 
Vol.  I.  p.  251,  June,  '04. 

Dynamic  Braking — Henry  D.  James. 
Application,  advantages  and  limita- 
tions. D-4,  1-3,  W-2100.  Vol.  VI,  p. 
241.   Apr.,  '09. 

Gear  Data  for  Motor  Applications 
C.  W.  Drake.  Graphic  chart  and  ex- 
ample. Practical  considerations. 
is.  C-l,  W-1350.  Vol  IX,  p. 
'12. 

Mechanical  Considerations  —  C.  B. 
Mills.  In  conneetion  with  industrial 
motor  applications.  T-l,  C-2,  W- 
2275.     Vol.    VI,  p.  281,  May,  '09. 

SPECIFIC   APPLICATIONS. 

Some  Phases  of  Electric  Power  in 
Steel  Mills — Chas.  F.  Scott.  Remov- 
al of  limitations:  cost  of  power  and 
of  motors:  selection  of  motors;  use 
of  alternating-current:  power-factor. 
W-3700.      Vol.   VI,   p     72?.   Dec.   "09. 

Electricity  in  Steel  Industry — 
Brent  Wiley  <VA.  W-1350,  p.  34. 
VITI,  Jan..  '11. 

Iron  and  Steel  Mills — Equalizer 
Systems — W.  Ed  ear  Beed.  C-l.  D-l, 
W-"1."0       Vol     TV.   o.    W     Dee     '07 

Electric  Drive  of  Boiling  Mill — Illi- 
nois Steel  Company — W.  A.  Dick.  D- 
2,  1-11,  W-2850.     Vol.  V.  p.  G6.  Feb., '08. 

(E)  B.  Wiley.     W-850,  p.  61. 
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The  Boll  Motor*  of  an  Electrically 
Operated  Ball  Mill-   B.    Wiley.      A   de- 
scription   of    r;ul     mill     No.    8,     I 
Thompson  Steel  Works.     D-4,  [-2,  W- 

1600.      Vol.    III.   p.  456.    Aug..   '06. 

1  1 : 1  1 '.  s.  Cook,     v  -600,  i'.  421. 

Motors    for    Driving    Main   Bolls    of 
Steel     Mills    -Brenl      Wiley.     Dlscus- 
skm    of    economies    and     reflnemi 
made  iugh  use  of  elecl  rlc 

drive.      C-2,     I  1-6,     1   3,     W-2350.      Vol. 
VIII,   p.   Ml.   Feb.,  'i  l. 

Pow.T  acquirements  of  Steel  Tube 
Mill     .\    I ;  Service  require- 

ments   of    motors    for   electric    >< 
<-:.  i>-::.    [-10,  W-2850.     Vol.   vm.  p. 
1051,   I  «c  '11. 

Boring    Mill    Drive— J.     II.     Klinck 

Combinations     of     adjustable     si l 

motor   and    speed    l">\.     T-3,    1-t.    W- 
1475.     Vol.    VII 1.  p.    1:::.   Feb.,  '1 1. 

Electricity  in  Mining  -F.  ( ".  Al- 
brecht.  Application  of  electricity  to 
various  phases  of  operation.  W- 
2360.      Vol.   VI,  p.   502.  Aug..  '09. 

(  K.  I      W-475,   p.   263 

Electrical    Applications    in    Mining 
Work — C.    V.    Allen.      Mining    met: 
in   Mexico.      1-13,    W-6775.      Vol.    VII, 
p.   46,  Jan..  '10. 

(E.)      W-750,   p.   1  I. 

Operation  of  Mine  Hoists — C.  V. 
Allen.  Analysis,  by  means  of  tests 
on  a  specific  installation,  of  method 
of  operating  fluctuating  hoist  load 
with  uniform  load  on  power  house. 
C-5.  1-6,  W-26T5.  Vol.  VI.  p. 
June,    "09. 

(E)  W.    A.   Dick.     W-450,   p.   324. 
Question  Box — 324. 

Hoisting     in     South     African     Gold 
Mines — a.  w.  Brown.    Details  of 
trol.    C-2,   D-l,    [-11,   W-2025.     Vol.   IX, 
p.  :'."■::.  Mar.,  '12. 

Large  Synchronous  Motors  for  Com- 
pressor Service  —  < ;  B  Rosenblatt.  1- 
>'..   W-3150      Vol.   [X,  p.   iv.,,  Mar.,  '12. 

Qxiestion  Boy. —  f20. 

Developments  in  Mining  and  Pump- 
ing— W.  A.  Thomas  (E).  W-650,  p. 
44       Vol.    vm.    Jan.,    '11. 

Industrial  Motor  Applications — D. 
E.  Carpenter  (E).  W-1200,  p.  31. 
Vol     VriT.  Jan..  '11. 

Electric  Power  for  Industrial  Con- 
cerns--.!. 11.  Klinck  (Ei.  Advantages 
of  central  station  power.  W-575,  p. 
48.      Vol.   VIII,   Jan..   '1  1. 

Analysis  of  Motor  Drive  by  Graph- 
ic Becording  Meters — A.  G.  Popcke. 
Improvements  in  machine  tool  oper- 
ation, saving  in  power  and  better- 
ment of  shop  organization  by  this 
method.  C-2.  T-3.  W-2050.  Vol.  VI, 
p.    674.   Nov.. 

Steam  Engine  vs.  Motor  Drive  for 
Small  Machine  Shops — A.  C.  Popcke. 
Economy     and     other     adv  >-f 

motor  drive  in  power  buildings  op- 
erated by  owner  and  in  shops  oper- 
ated by  tenants.  Operating  costs.  T- 
2,  W-2125.    Vol.  vir.  P.  •;:•).   vi-.  -io. 

Comparisons  of  Group  and  Indi- 
vidual Drive — A.  <;  Popcke.  Method 
of  investieratine:  machine  simp  condi- 
tions. T-3.  C-2,  P-1,  YV-2175.  Vol. 
VIIT.  d.  onn.  Nov.,  '11. 

(F)  Chas.  R.  Riker.  Friction  Loss 
at  Full   Load.     W-775,   r.    971 

(E">  rhas.  F.  Scott.     Industrial  Mo- 
tors  vs.    Shafting  and    Belts.     W- 
p.    1045,  Dec,   '11. 

Line  Shaft  and  Individual  Motor 
Drive — A.  G.  Popcke.  T-2,  W-2150. 
Vol.  VII,  p.  6S.  Jan..  '10. 


Motor  Operated  Engine  and  Car 
Wheel     Lathes--. I.     11.     k  1  . 

tuns    Of    motor    drl 

magnet       switch       control.     Dynamic 
:Jng.    D-l,   1-1,    \\  -1560.      Vol.    VII, 
p.    iw  June,  '10. 

Application  of  the  Auxiliary-Pole 
Type  of  Motor— J.  M.  Hippie  D-2, 
1-1.   W-1500.     Vol.   in.  p.  34S.  June, '06. 

Auxiliary-Pole     Motors      and      High 
Speed  Steel — J.    M.    Barr    (E).    W 
Vol.    III.   p.    801,   June.   '06 

Electrically  Operated  Turn  Table* 
— E.  < '.  Wayne  Power  Requirements. 
Cost  data,  showing  advan  mo- 

tor over   hai  1      <  '-2.    [-6,   W- 

1850.     VoL  VII,  p.  '.";::.  1  iec,  '10. 

Application  of  Motors  to  Machine 
Tools — j.  M.  Barr.  C-l,  1-3,  W-1400. 
Vol      11,    p.    11.    Jan..    '08 

Cost  of  Operating  Machine  Tools — 
A.  G.   Popcke.     Fixed  cha 
ble    charges;     salaries;     i-  and 

eolation.     T-l,   C-l.   W-1452.     Vol. 
vi    d.   757.   Dec.    '"9. 

Flywheel  vs.  Motor  Capacity      S.    A. 
' 
for  ■  1  rminal  ion.  with  e 

ysis    of    no-:  hod.      C-2,     I '-.',    W-3250. 
Vol.  IX.  11.  l'To.  Mar.,  '12. 

Motor  Applications  in  the  Textilo 
Industry — Alberl    Walton      Review  of 

ating    conditions.        Invest! gal 
of     individual     drive.      1-10,      W-1925. 
Vol.  VIIT.  p.   238,  Mar..  '11. 

Hydro-Extractors  in  Textile  Mills — 
:    Wilton.    Methods  of  operation; 
advantages  of  electric  drive.      1-2,   W- 
1425.       Vol.   VITI.    n     707,    Ant.,   '11 

Textile    Type    Motors — Albert    Wal- 


ton.     1-5,    W-2550. 
Nov..    '10. 


Vol.    VII.    p.    8SS, 


fE.)       W-B25.   p.    S49. 

Electric  Elevator  —  Henrv  D. 
James.  1-8,  W-2S00.  Vol.  I,  p.  1S7. 
May,  '"i. 

Direct    Traction   Electric    Elevators 
— F.   Efymans.     Description  "f  in 
lation   in  Oliver   Building.   Pittsburgh, 
Pa.     D-3.    I-!'.    W-5700.      Vol.    VIII,    p. 
609.   June.   '11. 

fE)    F.   F.   Town.      p.   4^6. 

Alternating-Current  Elevator  Mo- 
tors— w.  ll  Patterson.  C-2,  1-4,  W- 
1525.      Vol.    VIII,   p.    154.   Feb.,   '11. 

Induction  Motor  for  Elevators — 
Henrv  D.  James.  W-300.  Vol.  I,  p. 
197.    Mav.    '04. 

Electric  Power  for  Irrigation  - W. 
Tf.    Bullock.      Four    svstems 

irado.     T-l.  1-5,  W  Vol.  IX, 

p.   22  1.   Mar.,  '12. 

Irrigation  by  Electric  Power — Allen 
F.     Ransom.      D  of     various 

methods.      T-5,   W-2050.      Vol.    VITI,    p. 
121.  Feb..  '11. 

Question  Box— M  I. 

Electric  Drive  for  Water  Works  in 
Bural  Districts  II.  W  Smith.  T-2, 
W-  21 Vol.  VIII  .  Auer.  '11. 

Electricity  in  Lumbering  in  the 
Northwest — \  A.  Miller.  (E.)  W- 
1100.      Vol.   VII,    p  ig.,  '10 

Electrically  Operated  Shovels — W. 
H.  Patterson.  Description  of  en  nip- 
's, method  of  control,  operating 
costs  showing  advantages  of  motor 
operation.  T-l,  D-l.  T-5,  W-152E 
Vol.  \_TT.  p.  sr,3,  Nov.,  '10. 

Dredging  on  Puget  Sound — Allen 
E.  Ransom.  Application  of  induction 
motors     to  ion     of     hydraulic 

dredfe    and    centnf >i eal    pumps.      D-1, 
1-9,  W-l  125.      Vol.  VII.  p.  187,  Mar.,  '10. 

(E)   W.   A.   Thomas.     W-525,  p.   181. 
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Examples  of  Multi-Speed  Induc- 
tion Motor  Drive — 11.  C.  Specht. 
Steel  null,  pump  ami  blower,  ami  rail- 
way applications.  l>-4.  1-8,  VV-3000. 
Vol.   Yi.   p.    ?31,    Dec.,   '09. 

Electric  Drive  for  Oil  Wells  \V.  F. 
Fatton.  D-2,  1-5,  W-6100.  Vol.  VIII, 
Ait..   '11. 

Motor  Drive  for  Biscuit  Factories 
— V.  L.  Board.  T-l,  l-T,  W-2100. 
Vol.    VIII,    1011.    Nov.,     1 1. 

Motor  Drive  in  Laundries — R.  D. 
Nye.  Description  of  a  tyical  laundry 
equipped  with  electric  motor  drive. 
[-6,  w  -1800.    Vol.  VIII,  p.  160,  Feb.,  '11. 

Motor  Drive  in  Pottery  and  Tile 
Manufactories — \.  E.  Rickards.  Ap- 
paratus and  manufacturing  methods. 
t-8,  W-2813.  Vol.  XI  LI.  p.  L68,  Feb., 
•11. 

Portland  Cement  Industry  c.  W. 
[e  i  E).  W-750,  p.  46.  Vol.  \"!1L. 
Jan..   '11. 

Electrical  Features  of  an  Up-to- 
date  Newspaper  Plant  L.  B.  Breed. 
Description  of  equipment  of  "The 
3S."  I  See  ;,i-i  ii-le.  "Ma- 
trix Kri.-rs."  p.  619  I  T  I.  C-2.  D-l, 
1-5  W-4625.  Vol.  VIII,  p.  596,  July,  '11. 
11.    X.   MulNr.      p.   594. 

Paper  Machines  with  Motor  Drive 
C.  W.  Drake.     \-<\,  W-2700.     Vol.   vill, 

P.     12?.     Feb..     '1  1. 

Small  Motor  Applications — Bernard 
Lester.  1-24,  W-2500.  Vol.  VIII,  p. 
177.   Feb..   '11. 

The  Electric  Vehicle  —  Havden 
Eames.  T-l,  T-2,  W-3800.  Vol.  Ill, 
p.  280.  May,  '06. 

I  E)    ('has.   F.    Scott. 

Power  Requirements  of  Specific 
Applications — 

Question   Box — 102.    403,    502.    C",2. 

Electrical  Operation  of  Lift  Bridges 
— R.  W.  Eaton.  Equipment  on  New 
Haven  Railmad.  T-4,  YV-1500.  Vol. 
IX.    p.    2  11.    Mar..   *12. 

Motor  Driven  Locomotive  Cranes — 
L.  F.  Grant.     Data  on   i  ies.     T- 

1,  1-5,  W-1100.     Vol.  IX,   p.   264,  Mar., 
'12. 

Motor  Drive  for  Stone  Quarries  and 
Crushers — P.  X.  Harrison.  T-3,  1-6, 
W-2850.     Vol.   TX.   p.    196.     June,  '12. 

Industrial   Motors  for  Panama  Canal 
Construction — F.   i '.    Hanker.     1-6,  W- 
Vol.   IX.  p.   199,   Mar..  '12. 
.  >   W.  K.  Dunlap.      W-300.     p.  1S4. 
Use     of    Motor     Drive     in     Vermont 
Mar  hie   Quarry-   H.    C.    Pratt.    1-6,  W- 
IX.   p.    '1  17,    Mar..   '12. 
I  E  I  K.  C.  Randall.     W-575,  p.  187. 


Fans  and  Blowers — Speed  Control 
Requirements — \Y.  E.  Thau.  C-6,  W- 
l  I  :;,.     Vol.   IX,  p.  1019,  Nov.,  '12. 

Motor  Driven  Piano  Factory — W.  J. 
Kyle.  Means  of  effecting  economy  in 
wood  working  plants.  T-l,  1-4,  W- 
1S7.">.      Vol.    IX.   i>.   510,  June,  '12. 

Electric  Power  for  Tanneries — J.  M. 
Tomb.  Details  of  Process.  Use  of 
motor  drive  and  electric  irons.  Data 
on  motor  requirements.  T-l,  T-7,  W- 
L97.     Vol.    IX.  i).    101  o.  Nov.,  '12. 

Automobile      Engine       Testing      by 
Electric  Motors — A.  G.  Chapin.    Meth 
<m|  of  saving  and  applying  power  oth- 
erwise     wasted.        Advantages.      W- 
li Vol.    IX.   p.    L023,  Nov.,   '12. 

Electricity  in  New  York  Public  Li- 
brary M.  ('.  Turpin.  1-0,  W-2375. 
Vol.    IX.  i>.  109,   Feb.,  '12. 

Portable  Electric  vs.  Air  Drills    -A. 
<;.      l'opeke.        Showing      economy      of 
nor.      T-2,    O-l.    1-5,    W-1050.      Vol. 
IX.    p     535,   .June.   '12. 

Induction  Motor  Drive  for  Ice 
Cream  Plant — C.  H.  McCullough.  Use 
ol  centra]  .station  power.  Costs.  I- 
7,   W-2300.      Vol.    IX,  p.  233,  Mar.  '12. 

Progress  in  Small  Motor  Field — - 
Bernard  Lester  (K).  W-400.  Vol. 
IX.   p.    i  1,   Jan..   '  I  2. 

Notes  on  Application  of  Small  In- 
duction Motors  —  Bernard  Lester. 
i  iiit  tor  determining  characteristics. 
C-2.  1-2.  W-1250.  Vol.  IX,  p.  1027, 
Nov.,   '12. 

Electric  Fans — H.  M.  Scheibe.  Points 
to  be  considered  in  selection  from 
commercial  types.  W-1550.  Vol.  IX, 
<p.  715.  Aug.,  '12. 

Progress  in  Electric  Vehicle  Field 
— Bernard  Lester  (E).  W-525.  Vol. 
IX.    p.    27,   Jan.,   '12. 

Developments,  1911 — W.  O.  Peale 
W-400.     Vol.  IX,  p.  49,  Jan.,  '12. 

Cascade  vs.  Single  Multi-Speed  In- 
duction Motors — H.  C.  Specht.  W- 
2250.     Vol.  VI.   p.   492,  Aug.,  '09. 

Ouestion  Box — 119.  172.  227.  245. 
253,  263,  35S,  4S5,  511,  528,  674,  741. 
794. 

Heating   Apparatus 

Electrically  Heated  Matrix  Driers — 
Frank  Thornton,  Jr.  (See  ed.,  p.  595.) 
.  1-1,  W-1100.  Vol.  VIII,  p.  619, 
Jul  v.   '11. 

Question  Box— 359,  580,  699,  808. 

Magnets 

A  Chart  for  Use  in  Magnet  Design- 
ing— L.  F.  Howard.  D-l,  W-1200. 
Vol.    HI.   p.    408.    July,    '06. 

Question  Box — 224.  270,  287,  289. 
310,  385,  417,  438,  704,  784. 
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Electrification  of  Railways — George 
Westinghouse.  Imperative  need  for 
universal  system.  Comparison  of 
systems  of  railway  eleetrification. 
T-l.  D-l  2,  W-6600.  Vol.  VII,  p.  506, 
July,   '10. 

Data  on  Electric  Railways  (Appen- 
dix to  paper  bv  Mr.  Georee  W ■-"-tine- 
house,  p.  506,  July,  '10,.  t-7,  W-1450. 
Vol.   VII,   p.    650,    Aug.,   '10. 

Financial   Aspect  of  Railroad   Elec- 
trification- T-l,     W- 
VII.  p.   14.".   Feb.,  '10. 
•  Ej   X.  W.  Storer.      W-325,  p.   96. 


Electricity  on  Railroads  —  E.  M. 
Il<  rr.  Advantages.  Effect  of  concen- 
trating produotion  of  power.  W-2800. 
Vol.  JX.  p.  nog,  Oct.,  '12. 

Electric  Power  on  Steam  Roads — 
F.  Darlinerton.  Underlvlng  reasons 
for  eleetrifiVation.  T-l,  W-3625.  Vol. 
VI.   p.   518,   Sept.,  '09. 

(E)    X.   W.  Storer.      W-450,  p.   513. 

Heavy  Railway  Service— Alternat- 
ing-Current In — B.  G.  Lamme.  Gen- 
eral considerations  of  single-phase 
system  and  comparison  with  direct- 
current  system  with  sub-stations. 
W-3600.    Vol.   Til.  p.    97.   Feb..  '06. 

(E)   F.  H.   Shepard.     W-800,  p.   61. 
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Electric  Power  for  Railroad  Oper- 
ation— F.     Darlington.      C-2,     W-31 

Vol.   VII,  p.  Tl  i.  S(  pi  .  '10. 

Characteristic  Features  of  Ameri- 
can and  European  Railway  Practice 

i  'h. is       i  >      Colli a  nil 

T-l,     \\  Vol.      VIII,     p. 

56,  Jan.,  '11. 

Changes    in    Electric    Railway    Pi.  Id 

N.     W.    Sforer    (E).      W-900,    p 
VIII,  Jan  .'li. 

Trunk  Line  Electrification  X.  W. 
S tori  n  of  eq 

ment   to  in- 

ments.      CJ  100. 

Vol.   IX.  p.   1086,  Dec,  "12. 

Recent  Improvements  in  Railway 
Apparatus  \  W.  Storer  (E)  W- 
2125.      Vol.   XIII.   p.   sit,  i  let.,  '1 1. 

Recent    Electric    Railway    Progress 

\    W.  Storer  (E).     W  ! Vol.  I  X  . 

p.   801,  Oct,  '12. 

Railway  Progress,  1911  (E).  W- 
1 176.     Vol  i  \.  p.  2  i.  Jan.,  "12. 

Electric  Railway  Engineering— 
Chas.  F.  Scott.  (E.)  Solving  Prob- 
lems.    W-260.     Vol.    III.   p.  5.  Jan..   '06. 

Economies    in   Railway   Operation 
P.    !•:.    Wyn  a  of 

pments   affecting   the    Inil 
operating    c  >sts.      T- 1.    C-10.    W-4825. 

I  A  .     |  ■       '   .    .  .     I   I 

Operating    Organization    on    Harri- 
man  Lines     N'.-w  plan  designed  to  In- 
efficiency and   effectiveness   <>f 
Individual    employees.     W-2450.      Vol. 

VI,  p.    L50.    Mir..   -09. 

■  E)    II     I..   Kirker.     W-S00,   r>-    181. 

City  Traffic  aa  Affected  by  Train 
Control  —  Calvert  Townley.  W-400. 
Vol    I.   p.    530.  Oct.,   "04. 

Railway  Electrification  in  Europe 
-        '.     i  I ..  i      W-l  100.     Vol. 

VII,  p.   746,  I  I   ;  .  '10. 
Three-Fhase    Railways   in   Europe — 

ilfh  E.  Hellmund.  [-13,  W-5950. 
Vol.  VII,  pp  •  181,  May,  June,  '10. 
i  E I  B.  A  Behrend.  W-650,  p 
Railway  Location  and  Construc- 
tion— H.  E.  Wagner.  Purposes  and 
requirements  of  preliminary  survey. 
Construction  of  curves;  super-e!' 
tion;  turnouts;  cross-covers.  T-3, 
D-5.  W-1700.    Vol.  V,  p.  108,  Feb..  'OS. 

Accuracy  of  Engineering  Calcula- 
tions—  Malcolm  MacL«aren.  I'lm- 
parison  of  preliminary  calculations 
and  results  obtained  in  service.  ''-3, 
W-l  000.      Vol.    V.    p.    212,    Apr.,    '08. 


Reinforced  Concrete  Railway 
Brid-es  \\ 

I  -'■..  Vol.   VII,   :  '1". 

Single-Phase  vs  Direct  -  Current 
Railway    Operation  Malcolm    Ma 

Vol.   1 V,  p.    161,    ■ 

Direct-Current      1500     Volt      Equip- 
ments     I. .   < ;     l: 
\  ol.   VIII,  p 

Success   of  Electric   Roads   in  Indi- 
ana--T-l,    W-1060.       VoL    IV.    p. 
Nov.  '07. 

l.i    I '    D  ixllngton.      W   l  1 00,  p.   I 

Effects     of     Changes     In     Operating 
Conditions — P.    E.    Wynne      A 
Hon,    length    of    run.    braking    ra 
grear   ratio.     C-12,   W-2200.      Vol.    in. 

p.   3CU,   July.  '06. 

Cost  of  Stops  for  Heavy  Eirh  CJpoid 
Interurban  Cars      P\  D  (E.J 

Vol.    VII,   p 

Low-Tension  Distributing  System 
— F.    E.    Wynne.      Track;    third    rail, 

and    trolley    and    f li 

C-7,   W-4  '. Vol.    V,   p.  580,  Oct,  '08. 

Sub-Stations,  High-Tension  Lines 
and  Power  Houses — F.  E.  Wwme. 
T-3,  W-4  125,  Vol.  V,  p.  647,  Nov., 

Constants    of   Circuits      A     W.    Cop- 
■l.     W-6425.       Vol.     V,     p.    631, 
Nov.,  '0 

(E)    i 'has.   F.   Scott.      W-900,   p.    613. 

Question  Box      5  13 

Train    Performance      W.    S.     "valen- 
tine.     Construction    and    use   of    tem- 
plet   for    rapid  Investigation  by  graph- 
method.        Example.      D-2,      W- 
l  400.     Vol.    V.  p.    104,   Feb.,  "08. 

Arrangement    of    Train    Sheets — E. 
P.    Roberts    (E).      W- 1  100.      Vol.    V,    p. 
D  "  v 

What      Grades     Mean      >n      Electrio 

Traction — William     Coo] (E)        W- 

625.      Vol.   VI,  i-.  389,  Ju 

The  Eng-lish  Board  of  TTade — C  ^ 
Powi  [II.  p.  I 

Dec.    '06. 

Starting  a  Large  Railway  Service 
— R.  L.  Wilson  (E).  W- 100.  Vol. 
1 1 1,   p.   301,  Ju 

Testing  Electric  Railway  Track 
Circuits      I  .■  Work.  T-l, 

W-l  1  50.     Vol.   VIII,  p.  107,  Jan.,  '11. 

Question     Box-  -II,     117,      154, 
260,  263,  412,  557,  615. 
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Systems    of  Railway   Electrification 

— N*.    W.    Storer    (E).      W-ll ,      Vol. 

VII,  p.   423,  June.  '10. 

Long  Island  Railroad  Electrifica- 
tion— o.  s  I.vford.  Jr.  Oeneral  out- 
line.   W-1500.    Vol.   III.  p.   29,   Jan 

The   Piedmont    and   Northern   Lines 

— H.    E>.    Murdock.      IS volt,   d  i 

current     system     in     Southern      I' 
Cnmpanv's     district         D-4,      1-1".     W- 
2600.     V  ■  !.    IX.   p.   BIS,  Oct.,   '12. 

Inaugurating  Electric  Service  In 
the  Mersey  Tunnel — H.  I,.  Kirker. 
t-l.    W-2200.     Vol     III.  p.  259.  May, '06. 

Inauaruratine  Electric  Service  on 
the  Metropolitan  Railway  —  II.  L,. 
Kirker.  W-l  55.  Vol.  Ill,  p.  130, 
June,  '06. 


Greatest  Railroad  W   rk   in  History 
— F.    H.    Shepard    (E).      W-775,    p 
VIII,  Jan..  '11. 

Single-Phase 

Distinctive      Features       of      Design 
and     Operation  —  Clarence     Renshaw 
Ml.     1-9,     W-5  550.      Vol.     V,     p.     684. 
Dec,   '08. 

(E)     W-150,    p.    6S2. 

Sinsrle    -    Phase       Installations       In 
America — M.     N.    B 

I.     V,     p. 

i  E)   M.   Ma 

Question  Box  —599. 


RA1I.W  \Y     Single-Phase     Signals— Mining 


Single-Phase     Railway      System  — 
W-2000.      Vol.    IT.    p. 

4t'4.     . 

Single-Phase  Railway  System  — 
Westmghouse  —  Clarence  Renshaw 
C-l,  D-7,  1-3.  W-5000.  Vol.  I,  b.  i»3, 
Apr..    '04. 

Foreign      Single  -  Phase      Roads — 
Tabu-.      Vol.   V,  p.   579,  I  let,  '08. 
(EK  J.  Edgar  Miller,   p.   551.) 

A     Swiss     5000     Volt,     Single-Phase 
Road — S.    Q.    Hayes.     Connecting    Lo- 
carno,  Pontebrolla  and  Bignasco.     D- 
B,     1-5,     W-2025.       Vol.     VIII,    p.     S02, 
:..   '11. 

New  York,  Westchester  and  Boston 
Railway — New   11000  volt    Lntorurban 
i    with    multiple   unit   operation  of 
S<  rvii  e.      Right-of-way.    Struc- 
tures truction.     Roll- 
ing stock.     1-11.    W-5750.      Vol.   IX,   p. 

The  Vallejo,  Benica  and  Napa  Val- 
ley Railway — George  T.  Hedrick. 
W-750.     Vol.  III.  p.  657,  Nov.,  '06. 

Single-Phase  Railway — The  Civlta 
Castellana — W.  R.  Stinemetz.  1-3,  W- 
1250.      Vol.    Ill,   p.   218,   Apr.,   '06. 

Single-Phase    Electrifications — New 
Haven     and     Sarnia     Tunnel — B.      G. 
ime.    I-;.,  W-7000.    Vol.  Ill,  p.  1ST, 
Apr..    '06. 

Progress  on  New  Haven  Electrifica- 
tion. 1912.  T-l,  D-l.  W-200.  Vol.  IX, 
p.   S7C,  Oct..  '12. 


New  Haven  Extensions  —  B.  G. 
nine  fE).  Announcement  of  plans. 
VV-600.      Vol.  IX,  p.   105,  Feb.,  '12. 

New  Haven  Electrification — Some 
Comments  on  the  Proposed  Plans. 
W-1300.      Vol.  Ill,  p.   380,  July,   '06. 

St.  Clair  Tunnel  Electrification — 
H.  L.  Kirker.  C-l,  D-l,  1-5,  W-4200. 
Vol.    V.   p.    554,   Oct.,   -08. 

The  Spokane  &  Inland  Single- 
Phase  Railway — J.  B.  Ingersoll. 
D-l.  I-:;.  W-2000.  Vol.  Ill,  p.  429, 
Aug.,    '06. 

(E)  A.  H.  Mclntire.     W-850,  p.  422. 

Engineering  features  of  construc- 
tion, equipment,  rolling  stock,  power 
supply  and  operation — G.  B.  Kirker 
and  L.  S.  Haskin.  D-l,  1-8,  W-3125. 
Vol.  VIII,  p.  858,  Oct.,  '11. 

Extension  of  New  Haven  System — 
W.  S  .Murray  (E).  W-725,  p.  37. 
Vol.  VIII,  Jan.,  '11. 

Hoosac  Tunnel  Electrification — H. 
K.  Hardcastle.  (See  ed..  p.  f>20.)  D-4, 
1-8,  VV-4225.     Vol.  VIII,  p.  830,  Oct., '11. 

Pittsburg  &  Butler  Railway — L. 
H.  Kidder.  D-2,  1-8,  W-5000.  Vol.  V, 
1>.   126,   .Mar.,  'OS. 

Rock  Island  &  Southern  Single- 
Phase  Electrification — L.  G.  Riley. 
(See  E,  p.  741.)  D-4,  I-S,  W-2550. 
Vol.  VII,  p.   787,  Oct.,  '10. 

Question  Box — 7S3. 


SIGNALS 


Progress  in  Railway  Signaling — 
Harold  McCready  (E).  W-775.  V"!. 
IX,  p.   G.  Jan.,  'J  2. 

Railway  Signal  Engineering — H.  G. 
Prout  (E).  Historical.  Protective 
and  productive.  W-500.  Vol.  IV,  p. 
181.      Apr..   '07. 

Improvements  in  Railway  Signal- 
ing— J.  S.  Hobson  (E).  W-SOO,  p.  23. 
Vol.  VIII.  Jan.,  -11. 

Por  Electric  Railways — Recent  De- 
velopments— Harold  McCready  and  C. 
O.  Harrington,  Jr.  Telephone  dis- 
patching: trolley  contact;  automatic 
continuous  track  circuit  system:  train 
stop.     D-3.  1-4,  W-3900.     Vol.  VIII,  p. 

847.  Get.,    '11. 

H.   G.  Prout.      W-725,  p.   822. 
Electric   Signaling   by   Trolley   Con- 
tacts— Car]    P.   Xachod.     A   letter,     p. 

848,  Oct.,    '11;    W-600.      Vol.    VIII,    p. 
112  4.    Dec,   '11. 

Railway  Signaling — L.  H.  Thullen 
(E).  Evolution  of.  W-700.  Vol.  IV, 
p.    4,   Jan.,   '07. 

Mechanical    Interlocking  —  T.     Geo 
WillsOTL     D-5,  W-2900.     Vol.   IV,   i 
Jan..   '",. 

Electro  -  Pneumatic  Interlocking — 
W.  H.  Cadwallader.  l-i.  W-1300. 
VoL  IV.  p.  66,  F<  b.,  '"7. 

1-4.  D-6,  W-2350.  Vol.  TV.  p.  127. 
Mar..   ' 

CE)  Wm.  Cooper.  W-750.  Vol.  IV, 
p.  121,  Mar.,  '07. 


Electric  Interlocking — J.  D.  Taylor. 
D-G,  1-3,  W-4.350.  Vol.  IV,  p.  200, 
Apr.,   '07. 

Alternating- Current  —  General — 
J.  B.  Struble.  D-l,  1-9,  W-2150.  Vol. 
IV.   p.    517,   Sept.,   '07. 

Electric  Train  Staff  System — T.  H. 
Patenall.  W-2350.  Vol.  IV,  p.  259. 
May,  '07. 

D-l,  1-16,  W-2650.  Vol.  IV,  p.  323. 
June.   '07. 

(E)   J.   S.  Hobson.      W-375.   p.    302. 

Automatic  Block  Signaling  —  Gen- 
eral— W.  E.  Foster.  D-l.  1-5,  W-2950. 
Vol.   IV.  p.  389.     July,  '07. 

Direct-Current — W.  E.  Foster.  D-3, 
1-5.  W-1500.    Vol.  IV,  p.  440.    Aug;..  '07. 

\lternating-Current — J.  B.  Struble. 
W-2075.     Vol.  IV,  p.  563,  Oct..  '07. 

(E)  L.  Frederic  Howard.  W-325,  p. 
542. 

The  language  of  Fixed  Signals — W. 
E.  Foster.  T-G,  W-800.  Vol.  IV,  p. 
651,   Nov.,   '07. 

Also  1-6,  W-750.  Vol.  IV,  p.  706. 
Dec.    '07. 

Automatic  Signaling  on  Interurban 
Electric  Roads — L.  Frederic  Howard 
(E).      W-625.     Vol.  IX.  p.  804.  Oct., '12. 

Signal  Equipment  of  Piedmont  1200 
Volt,  Direct-Current  System  —  I>. 
Frederic  Howard.  D-l.  I- 1.  W-925. 
Vol.  IX.  p.  871,  Oct.,  '12. 

Question  Box — 469,   517. 


Electric  Mine  Haulaere — G.  w.  Ham- 
lton.      Working:   up   of  new   pro- 
W-1675.      Vol.   VIII,  p.  939.  Oct..  '11. 

Determination       of 
Equipment     of     Mine 
ham     Bright.      T-2 
Vol.  VITT,    ■ 

W.   A.  Thomas. 


MINING 

(See  also  Motors  and  their  Application) 

A  Convenient  Method  of  Determin- 
ing Grades — G.  M.  Eaton.  By  use  of 
tape  line.  D-2,  W-52T,.  Vol.  VIIT,  p. 
5G9,  June,  '11. 


Weight       and 

locomotives — 

C-2,     W-4475. 

'11. 

W-500,   p.   969. 


Operating    Peatures    of   Mine    Loco- 
motives— a.    \V.    Hamilton.      D-l.    I-G, 
575.    Vol.    IX,   p.    345,   Apr.  '12. 


RA1 1.W  W     Mini  i.   I  ...  omoi  i 


Locomotives    for    Electric    Haulage 
. ;    \\     1 1  imdlton.     <  !omp 

value    of    detail     In- 
formation.    W'-l  LOO.      Vol.    IX,  p.   706, 

■  .  'I-'. 
Gathering  Locomotives     G.  W   II 
ill. .n.       I  Mia      r>'|  1 1 1-  •  i      for     i  ■ 
Oalculal  •>'.       I'-l.     W-l 

V.-l.    IX.    p.  t  .   "12. 

'  BS)    L».   G.  Schuni  p. 

Fractional  Resistance    of  Mine  Cars 


. ;    W.  Hamilton.     Mi 

W-1475.       VoL 

in.  p.   in;,  m  iy,  '12. 

Unloading    and    Placing    Locomotive 
in    Service      <  ;      W.    II 

.     op- 

.       !.      IX.      (..      1101, 

Ventilation   of   Bituminous   Mines 
<;.    W.    i 

Vol.    IX.   p.    I-:::.   No\  .  '12. 


CARS  AND  LOCOnOTIVES 


Pennsylvania     Locomotives  —  1 
of  on     1 1.      l..      Klrker.     i  »e- 

■criptlon  of  new  electric  erik'i' 
terminal     station,      New      York      I 
tunnels,  power  lUlp- 

m*nts.      D-5.    I-T.    W   8100.       Vol.    VI  I, 
p.   663,   Sept,  '10. 

.  E)  K    M.  Herr.     Vv  665. 

New  Locomotives  for  Hew  Haven 
Railroad — N.  W.  Storer.  I '.tails  of 
four-mi'tur.  geared,  two-truck  loco- 
motive. I-."..  W-1300.  Vol.  VII,  p. 
114.    Feb..    '10. 

St.  Clair  Tunnel  Locomotives — I,. 
M.  Asplnwall  ai  .1  I ;  Bi  rht  C-2,  1-5, 
VV-1800.     Vol.   V.   p  it.,  '08. 

i  E)  .1.  Eds  ir  Miller.    W-1076,  p.  i 

Mechanical  Features  of  Locomo- 
tives >;.  M.  K.it.m  <  haracterlstics 
desired.  Rellabilltv.  Scutch  yoke. 
Brake  rl&pin^.  W-2975.  Vol.  VII,  p. 
77'.'.    Oct..    '1". 

Question  Box — 651. 

Weight  Equalization  on  Locomotive 
Wheels  .  ■  M.  Eaton  I  i  .  W-2075. 
Vol.   VII,  p.  943,   I  >ec.,  '1". 

Weight  Transfer  in  Electric  Cars 
and  Locomotives — <;.  M.  Eaton.  1-1. 
W-2  100.      Vol.    \  III.   p.    257,   .Mar..  '1  1. 

Relation  of   Wheel  Base  to   Radius 
of    Minimum    Curve — Graham    Hi 
C1-,  w  -200.    Vol    VI!  I.  p.  L032,  Nov.,  '11. 

Photographic  Recording  Meter — 
L.  m  Asplnwall.  For  locomotive 
testing.  C-2.  1-4.  W-1250.  Vol.  VII, 
p.    797.    Oct..    '10. 

Operation  of  Electric  Car* — F.  E. 
Wynne.  General  principles.  Series 
vs.  shunt  motors.  D-8,  W-4300.  Vol. 
III.   p.    7.   Jan..   '06. 

Gasoline  Motor  Cars— F  Darline- 
ton.  I E).  W-550.  Vol.  VII,  p.  127, 
Juno,   '10. 

Electric  Locomotive  Desiern — A.  C. 
Kellv  (B).  W-850.  Vol.  VI,  p.  260, 
M 

New  Spring  Drive  for  Electric  Lo- 
comotives— .1.    E.  App 

~r    New    1T.i\  en  Mi  - 

chanlcal    details    "f    these    m 

1-8,  W-l Vol.  IN.  p.  852,  Oct., 

'12. 

Locomotives  vs.   Motor  Cars — C.    F. 
Street.     C-4.  W-2r.no.     Vol.  Ill,  p. 
Oct..    '06. 

.  k  .  x.  W.  Storer.     W-350,  p.  541. 

Switching  Locomotives  for  Indus- 
trial Plants — D.  C.  Hershberger.  An- 
alvis    of    tests    showing  re- 

quirements.      T-3.    W-l  71'."..       Vol.    IX. 
16,  Oct.,  '12. 

600-1200   Volt   Direct-Current   Loco- 
motives   for    Southern    Pacific — < '..     II 
F.  Holv.     Description  of  r>n<~>  of  If.  new 
60    too    machines.      T-~.    W-2500.      Vol. 
IX.   ;  >ct,  '12. 


Low   Floor   Car     J.    W.    Welsh   and 

i ■•     i:     i  New    tj  p 

bv   P 

small     diameter     tor.       Op 

1-7.        W-l 

(B)   M.   B    Lambert     W-2 
Calculation      of      Speed-Time      and 
Power    Curves      !•'.     B.     Wynne.       <'-4. 
W-3700.       Vol.    Ill,   p.    247,    May.    '06. 

Method  of  Selecting  Car  Equip- 
ment— K.  B.  Wynne.  T-2,  C-3,  w- 
6  260.      Vol.    V,   p.    438,   Aug:.,   ' 

New  Haven  Multiple-Unit  Cars — 
I..    M.    Asplnwall. 

VI,   p.    687,   Nov.,   '09. 
Single-Phase     135-Ton     Locomotive 
—  X".  W.  Storer.     See  (E),  p    393.     [-2, 
\\  -800.     Vol.   II.  p. 

Single-Phase     Locomotive     T#Bt'.ng 

.  E)    1.'     X.   W. 
.    p.    77".      C-4,    W-750.      Vol.    II. 
)..  . .;  i.  Dec.,  '05. 

Test  on  Single-Phase  Equipment — 
—Graham   Bright.  •   by  N.  W. 

r,    p.    77".     C-4,    V.  Vol.    1 1. 

p.    764,   D< 

Kilowatt  Hours  Per  Car  Mile. 
C-4,  W-1200.  Vol.  II,  p.  651.  Nov., 
fTiiment  on  article  by  Mr.  Graham 
Bright   W-750.   Vol.  II  I.  p. 

Multiple   Operation   of   Cars   Geared 
for    Diiferent     Speeds  -W.     R 
Why  the 
over-loaded.     T-l, 
.    I X.  p.  91 2,  Oct, 
Safety  Devices— . I.   .1     S  For 

rail  w 
\\  -950.      Vol.    IN.   p.  926     i  '12. 

Question  Box — S9,  105,  120,  130. 
166     100.    115. 

Railway    Motors — (See    pp.     11.     12, 
1  1. 1 
Brakes — CSee  p.  S.) 
Question  Box — 764,  7' 

Maintenance  and    Repair 

Maintenance    of    Equipment — J.     F. 

Webster.     I-''..  W-3 Vol.  I.  p. 

ST.,  '04. 

Maintenance  of  Equipments — J.  L. 
Crouse.      w  Vol.     in.     p. 

Apr..   '12. 

Inspection     of     Car    Equipment     on 
Electric    Railways  -— M.     B.     Laml 
W-2850.     Vol.    VII  .   Apr..  '10. 

Reduction      in      Cost      of      Railway 
Equipment  Maintenance — M    B.    Lam- 
VOL    VII.    p.    71.'. 
1". 

Equipping  Electrlo  Car* — H.  T.  Em- 
anuel.     W-l  100.     Vol.  in.  p.  68 

:>     R.    L.    Wilson.       W-300.       Vol. 
TIT.    p.   602.   Dec.   '06. 
Question  Box 


MISCEL1   VNEOUS     Engineer     Education 


MISCELLANEOUS 


GENERAL 


Electrical  Industry  from  tlie  Com- 
mercial Standpoint  I..  \.  Osborne 
(  E  l  I.     W  ! p     i     V  '!.  VIII,  Jan..,']  l. 

Engineering-  View  of  Electrical  In- 
dustry -Chas.  1'  Scott  (E).  W-875, 
p.    4.      Vol.    VIII,   Jan..   '11. 

Engineering-  Basis  of  Progress — 
]  Scott  W-2550.  Vol.  IX,  p. 
691,  Aug.,     1 2. 

Sales  Contracts — B.  A.  Brenna.n. 
A  concise  treatment  of  the  subject 
•  -s  men.  W-3200. 
Vol.    IV.  p.   ..  I ."..  .)  une,  '0  . . 

(  E)    W.   V.    K-w  ler.     W-475. 

W-3300.     Vol.    IV.   p.  398,  July,  '07. 

W-3270.      Vol.    IV,  p.    528,   Sept.,  '07. 

W-2400.     Vol.   IV,  p.   578,  <  >ct.,  '07. 

Welfare  Work  of  a  Large  Manufac- 
turing- Company  Hamilton  A.  Rog- 
ers. I-:..  W-2375.  Vol.  IN.  p.  L68, 
Feb.,   '12. 

Factory  Safeguarding  Methods— -I  >. 
C.  Pultaiey.  [-12,  w  I  i  >Q.  Vol.  IN.  p. 
,  July,  '12. 

I  E)    Alex.   Taylor.     W-650,   p.  585. 

Pirst  Aid  to  the  Iniured — Ira  N. 
Fix.  M.D.  I--.  W-800.  Vol.  I,  p.  286, 
June,  '04. 


Artificial 

ii.  r.    .M    I  ■ 
p.    203,    Feb., 
Electrical 


Respiration  —  Chas.       A 
II,    W-1200.    Vol.    VIII. 

'1  1. 

Accidents      and      Their 


Lauffer,     M.D 
i    ;,    \ul;..  'li. 


Treatment      ('lias.      A. 
W-2075.      V  i.    VII  I.    p. 
Question  Box — 374. 

Nature,  Production  and  Uses  of 
Ozone— W.  li.  Thompson.    T-l,   [-3,  w 

Vol.   IN.  p.  973,  Nov.,  '  i 

(E)   <  .  E.  Skinner.      Practical   Utlli- 

on.     W-350.     p.  970. 
(  E)    chas.    a.   Lauffer,    M.l ».     I  (zone 
and  health.     W-  it:,,     p.  971. 

(E)  I '.  E.  Allen.  <  Jommercia]  possi- 
bilities.    W-350.     p.   972. 

Alternating-  -  Current  Electrolysis 
— S.  M.  Kintner.  See  (E)  by  P.  M. 
.  p.  707.  I- 1.  \V-l  Lino.  Vol.  i  i, 
p.    668,  Nov.,   'U5. 

Question   Box — 106. 

Niagara  Falls — Aesthetic  vs.  Eco- 
nomic Value.  W-2400.  Vol.  Ill,  p. 
339,   June,  '06. 


(E). 


Technical 

.   July.  '0  1. 

Various  Kinds  of 

W-1800.     Vol.   II. 


— Wal- 

p.   289, 

Grad- 

ol.   II. 


Education, 

\  Ol.     I.    : 

Education, 
ter  C.  Kerr. 
Ma 

Engineering-   and  the  College 

uate — H.   W.    Buck.     W-] V 

p.   685,  Nov.,   '05. 

Twentieth    Centurv    Enelnee  r — 
Chas.    P.    Scott     W-2025.     Vol.   IV.   p. 
Apr.,  '07. 

(E)   Chas.  P.   Scott.     W-550,  p.   184. 

A    Broader    Training    for   Engineers 

— Chariee  _■     Baker.      W-2 , 

Vol.  VI.  p.   401,  July.  '09. 

Addresses  to  Engineering*  Students 
— Chas.  F.  Scott  (El.  Comments  on 
publication  by  Messrs.  Waddell  and 
Harrington.  W-550.  Vol.  VIII,  p. 
970.   Nov..  "11. 

New  Method  of  Industrial  Training. 
W-3450.     Vol.  VIII.  p.  366,  Apr.,  '11. 

(E)  ( !bas.    r    Sc  >tt.     W-375,  p.   310. 

Technical  Training,  Practical  Util- 
ity of — William  B^rclav  Parsons. 
W-1800.      Vol.  II,  p.         :.   Si  pt,  '05. 

Means  and  Erds  of  Industrial  Edu- 
cation I'.  I,,  i  W-1975.  Vol. 
IX.   p.    1071,    I  ii          12. 

(E)     C.     R.     Dool(  . .       Signs    of 
times     in     industrial     edui  W- 

700.     ; 

Industrial  —  Present  Tendency — C. 
K.   I'  I  B).      \\'-l  175.      Vol.    IN,  p. 

15,   .1    i       '12. 

Practical  Experience   for   Engineer- 
ing   Students      I 
W-750.     Vol.   IX.  p.   40  12. 

The  Technical  Graduate  and  the 
Manufacturing  Company  —  Chas.  F. 
Scott.  W-1475.  Vol.  IV,  p.  75,  Feb., 
'07. 

The  Engineering  School  and  the 
Electrical  Manufacturing  Company — 
Chas.  F.  Sr-ott.  W-2300.  Vol.  IV,  p. 
633,  Nov.,  '07. 


THE   ENGINEER 
Education 

W-800 


Why  Manufacturers  Dislike  Colleg-e 
Graduates-  Frederick  \V.  Taylor.  W- 
Vol.  VI,  p.  537,  Sept.,  '09. 

i  E)    E.   M.   I  [err.     W-375.     p.  51  I. 

The  Human  Side  of  the  Engineer- 
ing Profession — V.  Karapetoff.  W- 
1950.      Vol.    IV.    p.    162,    .Mar..  '07. 

(F)   H.   D.  Shute.      W-150,  p.  126. 

Engineering  Personality  and  Or- 
ganization —  Walter  C.  Kerr.  W- 
5  900.      Vol.    V,    p.    492,    Sept.,    'OS. 

Engineering  Training — F.  W.  Tay- 
lor and  Alexander  C.  Humphreys.  W- 
2200.     Vol.   1 1  I.   p.  693,    I  »ec,  '06. 

Engineering  Opportunities  and  Re- 
quirements -  ("co.  A.  Damon.  See  (E), 
p.  63.    W-3800.    Vol.   II,  p.   16,  Jan..  '05. 

Suggestion  to  Engineering  Appren- 
tices— C.  W.  Johnson  (E).  L,earn  a 
few  things  well.  W-950.  Vol.  VI,  p. 
187.    Apr.,   '09. 

The  Casino  Technical  Night 
School — C.  I:.  Dooley  (E).  W-450. 
Vol.   V,   p.   422,   Aug.,  '08. 

Carnegie  Gift  to  Engineering — W. 
M.  McParland  (E).  W-500.  Vol.  I. 
p.    184,    Apr.,    '04. 

The  Technical  Man  as  the  Auto- 
crat of  the  Business  World.  W-700. 
Vol.   Ill,  p.    295,   May,  '06. 

Study  Men— John  P.  Hayford.  W- 
2075.      Vol.   IV,  p.   563,   Oct..   -07. 

(E)   Chas.   P.    Scott.      W-400,   p.    543. 

Technical  Schools:  Mr.  Wurts  and 
the  Carnegie.  1-4,  W-1000.  Vol.  II. 
p.    125,   July.   '05. 

Getting  on,  Some  Difficulties  in — 
James  Swinburne.  See  (E)  by  ('has. 
F.  Scott,  p.  192.  W-2600.  Vol.  II,  p. 
174,    Mch.,    '05. 

Ginsrer  Plus  Education.  Insepara- 
ble— Frank  II.  Taylor  (E).  W-600. 
1 1,   p.   60,  Jan.,  '05. 

Education,  The  Business  Side  of 
Technical— Alexander  C.  Humphreys. 
W-2900.      Vol.   I,   p.   342,   July,  '04. 


M  I  S(  II  .1  .AN  E(  'I  S     I                         i  hi  ii-  \pi 

An  Event  In  Electrical  Development  U                        \     1  I 

I  V.    p.    290,  VoL  1 1. 

Co-Oralnate     Engineering      (E)       W  v  A    .^^  L"'""                     'A"J" 
M                                        i.       Vol.    Ill,    p. 

Theory    and  Practice     (K) — W-600 

Shorthand    Engineering      O.o-jje    A.  Vol.    II,    p.    618,  Auk-,     ou 


I i ngineerin v.  S< del  k's 


Importance  of   Membership   In  A.   I. 
E.  E.      Pen  ■.    1 1 
Vol    l\ 

Ourstlou   Box 
.    muiatiiig    mil    EUctii.g    Officers, 
A.I.E.E. 

Engineering     Honor     and     Institute 
Brandies  \V- 

III.    | 
Abstracting     Enn.  Fnpors 

I  V, 

Ralph    w    Pop*.      W-2R0.   n    82, 

Proposed   A.   I.  E.  E.   Constitution — 
itt  (E).     W  Vol     IV, 

p        1*7         \!.r 

Standardi7ation   Xules — A.    I  E. 

i       W-800,  p.   42S. 
Standard    Voltages      • 

■ 

A.I.E.E — Annual    Keport    of    Direc- 
tors F.      Scotl      IE).       \V 
V.   p. 
Notes      on      A.I.E.E.      Convention — 

1     V, 

Selection   of    Officers    for    A.I.E.E 

VI, 

A.I.E.E.      Anniversary,      1909      Chas. 
V.   Scotl    I  E).    W-460.     \  ol.  VI.   p.    198, 

Apr 

A.I.E.E.    Convention,   1909- -< 'has     I". 
Vol.    VI      p.    450, 
Aug.,    1909. 


Notes    from    the    Northwost 

1      •-  VI,  p 

Comments  on  Chicago  Convention, 
A.  I.  E.  E.,  June,   1911       p     M 

Vol.  VIII,  'li. 

The   A.   I.   E.  E.   Secretary      i 
Scotl         VV-625        Vol.       VIII 
I  I. 
Review   of   Papers  Bel  ore    Mid-Year 
Convention,  A.  I.  E.   E,   1911 

212 
Mar.,   '11. 

The      New      Engineering-      Building 

in.   p.   804,  June,    08. 

Dedication  of  Engineering  Societies 
Building  Chas.  F.  Scotl  (E).  W-276. 
Vol     iv,  p    24R,    May,   '<>7 

Boston    Conveuiou    A.I.E.E.      P     M 
(E).     V\  -90 

National  Electric  Light  Association 

VIII,  Jan.,     II 
N.E.L.A.    Work.    1911      Jo 

W-77.       Vol      IX      D      12 

An    Alert    Central    Station    Policy — 

v..;. 

VII,  10. 

National      Electrical      Code      C       K. 
W-6  VI,    ]■ 

M  i 

International  Society  for  Testing 
Materials 

International     Electric     Congress — 
(E).       W-300.      Vol      I. 

'0  I. 


Apprentice 


Apprenticeship      Conrie    —   Making 
of  a  Ma:  nk  II.  T 

I.    p     177,  A 
Problem    of    the    Engineering    Grad- 
uate     ■  i  ' 
VIII,    p.    1  ' 
Apprenticeship     Course     and     Engi- 
neering     Graduate      Chas,      V 

Graduate    Apprentices    In    Specializ- 
ed   Industries  (E). 

Apprenticeship     Course.    Opportuni- 
ties   of    the      W.    M.    M  W- 
Vol.    I.    p.    645.   Dec.,    '"t. 
Engineering    Course    of    the    W.    E. 
&    M.    Co. 
' 
The    Value    of    an   Engineering    Ap- 


prenticeship   Course--- fh;is     K     I  '   wn- 
ton     (E).      v7-4B0.      VoL     III,     p      604. 
.    '06, 
To    the    Young    Man    Enterlnsr    the 

Works 

Apprenticeship     as     an     Investment 
for   the   Future     CI   1*     I'     Scotl     (E) 

Advice:    Apprentice    to    Apprentice. 
W-70  ■.      Vol.    I  : 

Apprentice,  His   "Work   and    His   Fu- 

\v-i  100.     v  ii,   1 :.  1 

Training    of    Non-Technir-al     Men — 
C.    R      D 

Notes     on     Testing — V.     w.     Shear. 
I  V    p     I '  ■      .1 


The  Rlectric  Club 


The  Purpose  of  the  Electric  Club 
— f.  D.  Newbury-  w-1700.  VoL 
III.    d.    SIT.   S*mt..   '06. 

rFil    T,     A     Oshnrnf*       W-3R0,    r>     4"°. 

Electric  Club  H  vV  1  •  :k  1-3,  W- 
2000.     Vol.    I,  p.    51, 


Nct    Quarters       \      W     I.  D-l 

1-1.  W-fi 

A    Club    for    Engineering    Graduates 

viii.   p    I-;.   .1 
11. 


32 


MISCE]  LANE(  >US— General 


Road  Engineer  and  Construction  Work 

cOther  articles   under  their  appropriate   headings) 


Qualification*  Necessary  for  a  Suc- 
cessful Trouble  Man— S.  L,  Sinclair. 
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Up-to-date  Engineer  (E).  W-1200. 
Vol.    I.   p.   492.   Sept.,  '04. 

"Messatre  to  Garcia" — D.  A.  Os- 
borne (E).  W-400.  Vol.  I,  p.  249, 
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111.    p.    1.    Jan.. 

Indexing   Engineering   Reference* — 

W-1700.      Vol. 
in.  p.   110,   Feb.,  '06. 

I  E)  W.  -M.  M  Farland.  W-350.  Vol. 
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rive    Years     of    the    Journal     -(E). 
W-1075.     Vol.  V  l.  p.    i.  Jan., 
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